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Measuring upMeasuring up

�� Building performance evaluation Building performance evaluation 

Observation and measurements. Observation and measurements. 

�� PrinciplesPrinciples

�� PracticesPractices

�� DevicesDevices

�� AccurateAccurate

�� PowerfulPowerful

�� AffordableAffordable
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Bulk AssessmentBulk Assessment

�� Thermal imagingThermal imaging

�� Detects thermal patternsDetects thermal patterns

�� NonNon--uniform temperaturesuniform temperatures

�� Hot where it should be coldHot where it should be cold

�� Cold where is should be hotCold where is should be hot

�� Used primarily as an Used primarily as an 

investigative toolinvestigative tool

�� Proper training is essentialProper training is essential

$5,000 + up
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Thermal ImagingThermal Imaging

�� Insulation verificationInsulation verification

��Locate air duct leakageLocate air duct leakage

��Building performanceBuilding performance

��Structural verificationStructural verification

��Moisture intrusionMoisture intrusion

��Problem solvingProblem solving
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Important FeaturesImportant Features
�� Lens systemLens system

�� HighHigh--quality, quality, ““widewide--angleangle”” (32(32°°))

�� Telephoto optionTelephoto option

�� Close focus (4 inches)Close focus (4 inches)

�� Detector array size (eg. 160 x 120 Pixels)Detector array size (eg. 160 x 120 Pixels)

�� Interpolated display (eg. 320 x 240)Interpolated display (eg. 320 x 240)

�� NETD < 0.1NETD < 0.1°°CC

�� Ability to easily focusAbility to easily focus

�� SD memory card storageSD memory card storage

�� PalettesPalettes

�� Simple operating systemSimple operating system

�� Still and video softwareStill and video software

�� Report softwareReport software

�� USB connectionUSB connection

�� Battery technology/performance (LiBattery technology/performance (Li--ion)ion)

�� Carry caseCarry case

�� Digital camera/lighting systemDigital camera/lighting system
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Complete AnalysisComplete Analysis

�� In addition to thermal In addition to thermal 
imaging:imaging:

�� Relative HumidityRelative Humidity

�� Material MoistureMaterial Moisture

�� Air VelocityAir Velocity

�� Air LeakageAir Leakage

�� Pressure zonesPressure zones

�� System performanceSystem performance

•• HeatingHeating

•• A/CA/C

•• RR--ValueValue

�� Occupant SafetyOccupant Safety

�� Visual ObservationsVisual Observations
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ItIt’’s in the airs in the air

�� Has massHas mass

�� Holds and releases thermal Holds and releases thermal 

energyenergy

�� N.A. Heat Transfer mediumN.A. Heat Transfer medium

�� Holds and releases other ****Holds and releases other ****

�� Has a specific volumeHas a specific volume

�� Is compressibleIs compressible

�� Holds and carries moistureHolds and carries moisture

�� ItIt’’s a gas!s a gas!

�� Pressure induces migrationPressure induces migration
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Measuring AirflowMeasuring Airflow

�� Standard airStandard air

�� 14.7 psia14.7 psia

�� 69 69 ººFF

�� 0% rH0% rH

�� Indirect measurementIndirect measurement

Density correctionDensity correction

�� VelocityVelocity

�� CFMCFM

�� Effect of turbulenceEffect of turbulence
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Thermal AnemometerThermal Anemometer

�� WindWind--chill factorchill factor

�� Up to 2,000 fpmUp to 2,000 fpm

�� Up to 160 Up to 160 ººFF

�� Hot wire vs. hot ballHot wire vs. hot ball

�� Density correctionDensity correction

�� Minute streamlinesMinute streamlines

$350 +
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Pitot static / Pitot tubePitot static / Pitot tube

�� Kinetic energy to Kinetic energy to 

pressurepressure

�� Up to 20,000 fpmUp to 20,000 fpm

�� Up to 930 Up to 930 ººFF

�� Corrosive Corrosive 

atmospheresatmospheres

�� Density correctionDensity correction

�� Minute streamlinesMinute streamlines

�� AlignmentAlignment

$300 +



©© Bill Spohn, testo, inc.Bill Spohn, testo, inc.

Rotating Vane AnemometerRotating Vane Anemometer
�� A fan in reverseA fan in reverse

�� Large diameter (2.3Large diameter (2.3”” to 4to 4””))
�� Turbulent flowsTurbulent flows

�� Up to 140 Up to 140 ººFF

�� 4,000 fpm4,000 fpm

�� Automatic CFM CalculationAutomatic CFM Calculation

•• Area + Grille FactorArea + Grille Factor

�� Small diameter (Small diameter (½”½”))
�� Turbulent flowsTurbulent flows

�� Up to 140 Up to 140 ººFF

�� 8,000 fpm8,000 fpm

�� Fits in a ductFits in a duct

�� Automatic CFM CalculationAutomatic CFM Calculation

•• AreaArea

�� AlignmentAlignment

�� AveragingAveraging

�� No density correction!No density correction!

$500

$600
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Infrared TemperatureInfrared Temperature

�� EmissivityEmissivity

�� AdjustableAdjustable

�� ““Here Spot!Here Spot!””

�� Optics ratioOptics ratio

�� Average temperatureAverage temperature

�� Scan rateScan rate

�� YouYou

�� The equipmentThe equipment

�� AngularityAngularity

�� Dewpoint distanceDewpoint distance

�� Combined with contact Combined with contact 

measurementmeasurement

$200 +
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HumidityHumidity

�� Sling PsychrometerSling Psychrometer
�� Evaporative coolingEvaporative cooling

�� Cotton wickCotton wick

�� Distilled waterDistilled water

�� Proper airProper air--speedspeed

�� Dew point mirrorDew point mirror
�� Visual condensationVisual condensation

�� Capacitive sensorCapacitive sensor
�� Farad changeFarad change

�� Measurement techniqueMeasurement technique
�� Response timeResponse time

�� WirelessWireless

Some graphic: USA Today

$100+
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Material moistureMaterial moisture

�� Dry and weighDry and weigh

�� Scatter fieldScatter field

�� ConductivityConductivity

�� ContactContact

�� Moisture ratio at Moisture ratio at 

equilibriumequilibrium

�� MicrowaveMicrowave$200+
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PressurePressure

�� Force per unit areaForce per unit area

�� Membrane displacement, Membrane displacement, 
gearinggearing

�� Water manometerWater manometer

�� Electronic sensorsElectronic sensors

�� DifferentialDifferential

�� FactorsFactors
�� ResolutionResolution

�� HysteresisHysteresis

�� DeadDead--bandband

�� TemperatureTemperature

�� OrientationOrientation

P F

A
=

$150+
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Impact on Building InspectionImpact on Building Inspection

�� Airflow leads to windAirflow leads to wind--chillchill

�� Humidity as a source of Humidity as a source of 

moisturemoisture

�� Moisture in materialsMoisture in materials

�� Thermal damageThermal damage

�� The 4 The 4 ““PP””ss

�� PollutantPollutant

�� PathwayPathway

�� PressurePressure

�� PeoplePeople
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Building HVAC SystemsBuilding HVAC Systems

�� Load CalculationLoad Calculation

�� Equipment SelectionEquipment Selection

�� Equipment InstallationEquipment Installation

�� Set upSet up

�� PerformancePerformance

�� ComfortComfort

�� EnergyEnergy

�� DiagnosticsDiagnostics

�� SafetySafety
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The IndustryThe Industry--recognized recognized 

HVAC QI SpecificationHVAC QI Specification

www.acca.org/tech/qispec.pdf
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Combustion DiagnosticsCombustion Diagnostics
�� SetSet--upup

�� Draft, fuel pressureDraft, fuel pressure

�� EfficiencyEfficiency
�� O2, temperatureO2, temperature

�� Maximize CO2 Maximize CO2 ……..?..?

�� Safe OperationSafe Operation
�� DraftDraft

�� Carbon Monoxide (CO)Carbon Monoxide (CO)

�� Proper measurementsProper measurements
�� Condense waterCondense water

�� ParticlesParticles

�� NO gas filter.. NO gas filter.. ““false COfalse CO””

�� PerformancePerformance
�� BTU/hrBTU/hr

$900+
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A/C System PerformanceA/C System Performance

�� Energy ConversionEnergy Conversion

�� Enthalpy changeEnthalpy change

�� WetWet--Bulb (humidity)Bulb (humidity)

�� Mass flowMass flow

�� Air CFMAir CFM

�� PerformancePerformance

�� BTU/hr or Cooling BTU/hr or Cooling 

TonsTons

�� ““Gauge freeGauge free””
$800 - $1800
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A/C System SetA/C System Set--UpUp

�� AirflowAirflow

�� CFMCFM

�� Enthalpy changeEnthalpy change

�� WetWet--Bulb (humidity)Bulb (humidity)

�� Refrigerant ChargeRefrigerant Charge

�� EPA 608 licenseEPA 608 license

�� Only as necessary!Only as necessary!

$500 - $1500
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UU--Value / RValue / R--ValueValue

�� Need delta t of Need delta t of 

1515ººC (27C (27ººF)F)

�� Best if night time Best if night time 

readings of 3 hoursreadings of 3 hours

�� Convert to RConvert to R--ValueValue

�� 1 K1 K··mm²²/W /W ≈≈

5.67446 ft5.67446 ft²·²·°°FF··h/Btu h/Btu 

Outside air temperature
Te-2°C

Inside air 
temperature 

Ti 22°C

Wall surface 
temperature inside
Tw 21°C

U-Value= α x  delta T1
delta T2

α = 7.69 W/m2K

delta T1= Ti – Tw

delta T2= Ti - Te

$1700



©© Bill Spohn, testo, inc.Bill Spohn, testo, inc.

SafetySafety

�� Fuel gas leakageFuel gas leakage

�� Refrigerant leakageRefrigerant leakage

�� Carbon Monoxide (CO)Carbon Monoxide (CO)

$250

$215

$450



©© Bill Spohn, testo, inc.Bill Spohn, testo, inc.

Visual InspectionVisual Inspection

�� Human perceptionHuman perception

�� Shared viewShared view

�� Assessment of conditionAssessment of condition

�� Access to equipmentAccess to equipment

�� ClarityClarity

�� DurabilityDurability

�� RecordingRecording

�� ““Bubba saysBubba says…”…”

$250
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In the words of In the words of YulYul BrennerBrenner

�� Et cetera Et cetera 

�� Et ceteraEt cetera

�� Et cetera Et cetera 

�� DuctBlasterDuctBlaster

�� Blower DoorsBlower Doors

�� Et ceteraEt cetera
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Good MeasurementsGood Measurements

�� DefendableDefendable

�� RepeatableRepeatable

�� Digital vs. Digital vs. ““humanhuman””

�� FasterFaster

�� InterpretationInterpretation

�� ““TamperTamper--resistantresistant””

�� Easy documentationEasy documentation

�� PostPost--analysisanalysis

�� ““Streaming dataStreaming data””

Image: Thermascan, UK


