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OutlineOutline

Look at the EnvironmentLook at the Environment
Three Prong ApproachThree Prong Approach
Package DesignPackage Design



Types of Thermal PackagingTypes of Thermal Packaging

ActiveActive
•• Requires refrigeration systemRequires refrigeration system
•• Heat PumpHeat Pump

PassivePassive
•• Frozen (Dry Ice)Frozen (Dry Ice)
•• Refrigerated (2Refrigerated (2--88ººCC))



The ChallengeThe Challenge

Narrow Temperature RangeNarrow Temperature Range
Thermal Characteristics of ProductThermal Characteristics of Product
Insulated Material PropertiesInsulated Material Properties
Dynamic Distribution EnvironmentDynamic Distribution Environment



Measure the environmentMeasure the environment

What temperature range do I design for?What temperature range do I design for?
Measure the EnvironmentMeasure the Environment
What can we predictWhat can we predict
•• How Long?How Long?
•• Overnight Air worst case 72 hours?Overnight Air worst case 72 hours?
•• Distribution CenterDistribution Center



Average Temperatures in the Average Temperatures in the 
United StatesUnited States
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Record Temperatures in theRecord Temperatures in the
United StatesUnited States
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Measure the EnvironmentMeasure the Environment

If we measure the environmentIf we measure the environment
•• We can develop our own protocolWe can develop our own protocol
•• Statistical significanceStatistical significance
•• Time intensive Time intensive 
•• ExpensiveExpensive

What about other studiesWhat about other studies
•• Literature SearchLiterature Search
•• Data published by Standards OrganizationsData published by Standards Organizations



Atmospheric Conditions: Atmospheric Conditions: 
Example Temperature StudyExample Temperature Study



Unmodified ISTA 5B ProfileUnmodified ISTA 5B Profile

Small Shipper 
14 gel packs = 17.781kg (39.2 lb.)

0

10

20

30

40

50

60

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64

Time (Hours)

Te
m

pe
ra

tu
re

 °
C

Small Shipper Vial Small Shipper Core  Chamber 2°C 8°C



Unmodified ISTA 5B ProfileUnmodified ISTA 5B Profile

Large Shipper 
22 Gel Packs = 27.942kg (61.6 lb.)
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Standards OrganizationStandards Organization

ISTA 24 and 48 hour Summer Profile 
Domestic Small Package Express Freight Transport (Air)
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Theoretical SummerTheoretical Summer ProfileProfile
Max A

96 Hour Summer Profile
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Formula for Package DesignFormula for Package Design

Heat TransferHeat Transfer

Thermal MassThermal Mass

Phase ChangePhase Change



Water and Phase ChangeWater and Phase Change

Solid (Ice)Solid (Ice)
•• Heat of Fusion 334 kJ/kg Heat of Fusion 334 kJ/kg 

Liquid (Water)Liquid (Water)
•• Heat of Vaporization 2257 kJ/kgHeat of Vaporization 2257 kJ/kg



Why is Phase Change Important?Why is Phase Change Important?



Phase Change Materials Phase Change Materials 

AdvantagesAdvantages
•• Energy AbsorptionEnergy Absorption
•• Change between solid and liquidChange between solid and liquid
•• Water based materials 0CWater based materials 0C

DisadvantagesDisadvantages
•• Can be expensive and sometimes toxicCan be expensive and sometimes toxic
•• Many packages can meet requirements Many packages can meet requirements 

without these materialswithout these materials
•• Difficult direct contact with productDifficult direct contact with product



Gel PacksGel Packs

Phase Change Refrigerant 
-1ºC (+30ºF)

Gel Pack 
0ºC (+32ºF)



Insulation Insulation 

Performance dependent on:Performance dependent on:
•• Material propertiesMaterial properties

ConductivityConductivity
Surface properties (for radiation)Surface properties (for radiation)

•• ThicknessThickness
•• Quality of ConstructionQuality of Construction



Insulated Container TypesInsulated Container Types

Expanded PolystyreneExpanded Polystyrene
Rigid Polyurethane PanelsRigid Polyurethane Panels
Lined Rigid PolyurethaneLined Rigid Polyurethane



Package Design Made SimplePackage Design Made Simple

A lot of insulationA lot of insulation

Lots of Thermal MassLots of Thermal Mass

Phase Change MaterialPhase Change Material



Package Design Made SimplePackage Design Made Simple

Consequences of poor designConsequences of poor design
•• A very small payloadA very small payload
•• A very large packageA very large package
•• That is difficult to moveThat is difficult to move



Package Design ConsiderationsPackage Design Considerations

Damage CriteriaDamage Criteria
Acceptable Temperature RangeAcceptable Temperature Range
MaterialsMaterials
Refrigerant TypeRefrigerant Type
Thermal Mass of productThermal Mass of product
Distribution CycleDistribution Cycle
TestingTesting



Package Design ConsiderationsPackage Design Considerations

Coolant PlacementCoolant Placement
•• Adjacent to ProductAdjacent to Product
•• Restrain movementRestrain movement
•• Select largest size possibleSelect largest size possible
•• Create a conditioned Create a conditioned ““corecore””



Evaluating the PackageEvaluating the Package

Thermal Performance EvaluationThermal Performance Evaluation
•• Sensitivity of sensors Sensitivity of sensors 
•• Locations of sensorsLocations of sensors
•• Duration of collectionDuration of collection

What about Package PerformanceWhat about Package Performance
•• What does my package look like after What does my package look like after 

distribution cycle?distribution cycle?



Evaluate this PackageEvaluate this Package

Rigid Polyurethane containerRigid Polyurethane container
Flexible Polyurethane Foam Cushion topFlexible Polyurethane Foam Cushion top



Evaluate this PackageEvaluate this Package

Both are open cell materialsBoth are open cell materials
Container is sealed with a solid poly materialContainer is sealed with a solid poly material
Top cushion is notTop cushion is not



Evaluate this PackageEvaluate this Package

Gel Packs loose in top of container Gel Packs loose in top of container 
PU Foam CushionPU Foam Cushion



Evaluate this PackageEvaluate this Package

No thermal mass on the bottom of the No thermal mass on the bottom of the 
containercontainer
Leads to a nonLeads to a non--uniform thermal conditionuniform thermal condition



Evaluate this PackageEvaluate this Package
Thermal Mapping Box 2
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Package PerformancePackage Performance

VibrationVibration
•• RandomRandom

CompressionCompression
ShockShock
•• Drop, impactDrop, impact

AtmosphericAtmospheric
Standard performance testing protocolsStandard performance testing protocols



Good Package DesignGood Package Design

More insulation the better, More insulation the better, 
right? right? 
•• Insulation costs money, results in Insulation costs money, results in 

higher BOM costshigher BOM costs
•• Large Packages are a problemLarge Packages are a problem

Hard to carry & Difficult to storeHard to carry & Difficult to store
Increased surface area hurts Increased surface area hurts 
performanceperformance
Costly to shipCostly to ship

•• Customer must deal with disposalCustomer must deal with disposal



Good Package DesignGood Package Design

Large Thermal MassLarge Thermal Mass
•• Lots of gel packs plus payloadLots of gel packs plus payload
•• Shipping Mostly Water (60lbs/ftShipping Mostly Water (60lbs/ft3 3 !) !) 
•• Supplemental items like gel packs, Supplemental items like gel packs, 

bricks, etc can be expensivebricks, etc can be expensive
•• These items must be stored at These items must be stored at 

temperature prior to pack outtemperature prior to pack out



Thermal PerformanceThermal Performance

Small Insulated Shipper
Setpoint +30°C
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Thermal PerformanceThermal Performance

Large Insulated Shipper
Setpoint +30°C 
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Thermal PerformanceThermal Performance
Small Insulated Shipper

Setpoint +40°C
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Thermal PerformanceThermal Performance

Large Insulated Shipper
Setpoint +40°C
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Thermal PerformanceThermal Performance

Small Insulated Shipper
Setpoint +30°C and +40°C
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Closing ThoughtsClosing Thoughts

Know your environmentKnow your environment
Determine the Thermal Mass Determine the Thermal Mass 
requirements requirements 
Design a tight internal packageDesign a tight internal package
Evaluate the Pack using a data Evaluate the Pack using a data 
loggerlogger
Make adjustmentsMake adjustments



Closing ThoughtsClosing Thoughts

Take time to understand the Take time to understand the 
fundamentals of heat transferfundamentals of heat transfer
•• Explore Other Configuration OptionsExplore Other Configuration Options
•• Get more control over Get more control over 

Operations costsOperations costs
QualityQuality
SuppliersSuppliers



Dimensions .07 ConferenceDimensions .07 Conference

Thank youThank you

Questions?Questions?


