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Abstract 
 
Contemporary transport of perishable food and other cargoes sensitive for 
temperature changes is carried out basing on specialist isothermal and 
cooling bodies. The reason of the deterioration of the body insulation 
condition is the penetration of water into the heat/cold protecting material 
and the further destruction of the insulation properties by moisture which 
in the insulating material is subject to cyclic freezing and defrosting 
processes depending on the temperature of the transported goods. The 
paper presents the test results on the destruction of the insulating material 
under the influence of cyclic freezing and defrosting of water introduced 
into the insulating material. The effects of servicing the damp insulating 
material were examined depending on the quantity of cycles of freezing 
and defrosting getting much worse deterioration of insulating properties 
than in case of entering water into the dry insulating material. 
  
Keywords: degradation of insulation material, heat flux, thermovision, 
isothermal body. 
 
1. Introduction 
 

Transport of contaminated foods, pharmaceuticals, sensitive 
chemicals or other goods sensitive to temperature and humidity 
changes require the use of specialized means of transport to 
transport these goods which restrict the heat exchange between the 
interior and the environment. The limitation of heat exchange by 
the use of heat/cold protecting insulating materials for the 
construction of vehicles is not sufficient to maintain the 
temperature required to transport products sensitive to temperature 
changes. The basic problem is that the insulation material does not 
reduce the heat exchange between the interior of the body and the 
environment. Theoretically, there is an excellent insulating 
material - vacuum - capable to reduce heat exchange to zero, but 
even in the thermos, there must be a hole for loading and 
unloading the container so that it can be used to store the product 
at a non-ambient temperature and closing the hole with the 
element made in vacuum technology like a thermos and this 
causes the insulation material discontinuity. Therefore, the 
heat/cold insulating materials used in practice only reduce to  
a technically and economically justified minimum the heat flow 
penetrating through the baffles used to separate the space at the 
temperature different than the environment one. To maintain the 
required temperature level, they apply additional technical 
equipment capable the receiving heat entering the refrigerated 
body interior and delivering it to the environment – refrigerating 
units - or delivering heat to the body in place of heat penetrating 
from the inside to the outside of the body - heaters or refrigerating 
units with the heating function. 
 
2. Description of the destruction problem 
 

Insulation properties of heat/cold protecting materials are 
described by the heat transfer coefficient , expressed in W/mK. 
The less heat is conducted by the heat/cold protecting insulating 
material, the better are its insulating properties. Heat/cold 
insulation materials are environmentally sensitive materials. 
Under the influence of various environmental parameters - 
humidity, UV radiation the insulating properties of cold/heat 
protecting insulation materials are deteriorating. Gases in the 
motionless state have relatively good insulating properties. In 
general, insulation materials are produced with the use of 
stationary air or heavy gases filling the cells of the matrix 

material. As water conducts heat several times better than air, the 
insulation material must be protected from water entering into its 
porous structure. In order to protect the insulation material, 
coatings being barriers for water and other contaminants are used. 

In the construction of refrigerating bodies designed to handle 
transport at controlled temperatures, steel sheets and plastics are 
used for the plating to protect the insulation material. 
Unfortunately, the numerous connection places of the various 
refrigerating body components (attaching the body to its 
intermediate frame, joining the body walls together, fixing the 
doors, fixing the refrigerating unit and so on) make the fasteners - 
bolts and rivets – come through the plating material, and the holes 
for their assembly sooner or later become the places of water 
penetration through the plating and reach the insulating material 
worsening its insulating properties. Unfortunately, the penetration 
of water into the insulating material is just the beginning of the 
destructive deterioration of the insulating properties of the 
material used to build the body. Water contained in the insulating 
material is subject to cyclical freezing and defrosting processes 
accelerating the destruction of the insulation material structure. 
 
3. Description of the experiment 
 

To measure the influence of operating factors on the 
deterioration of the material's insulating properties, a sample of 
polyurethane insulation material was subjected to a dampening 
process (about 10 g of water) and subjected to freezing and 
defrosting cycles in the climate chamber. At each stage of the 
experiment, the sample was mounted on a test stand equipped with 
a body model with a plate prepared for the assembly of the 
insulation material samples (1) [1] and after the stand thermal 
stabilization lasting 24 hours the following thermal parameters 
were obtained: + 32.5°C inside the body model and +7.5oC in the 
surroundings of the body. During the test the relative humidity of 
the air was kept constant at 50% RH. The Flir ThermaCAM 695 
camera was used for the study. During the test, the camera was 
mounted on a tripod and the test and recording of the thermograms 
took place while the light was off. 

A thermally insulated sample plate (Fig. 1 on the left) and  
a reference plate (Fig. 1 on the right) were observed by means of  
a thermovision camera to record the temperature distribution on 
the surface of the tested sample and the reference plate.  

 
 

 
 
Fig. 1.  Photo of the test stand 
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The thermovision photo was used to determine the density of the 
heat flux permeating through the operational heat bridge - a damp 
spot subjected to a cyclic freezing and defrosting process.  

In subsequent thermovision photos, the stages of aging of the 
insulation material are shown from the beginning – a dry sample 
before injection of water into the structure of the insulation 
material (Fig. 2), samples after injection of about 10 g of water 
into the insulation material (Fig. 3) and a series of thermovision 
photos presenting the increase of the zone of lower insulation 
properties due to water freezing and defrosting cycles inside the 
insulation material.  

As the weight of the water slab was the same throughout the 
study, it should be inferred that the sample soaked with water did 
not dry. 

 
 

 
 
Fig. 2.  Photo of dry sample of insulating material (on the left) 

 
 

 
 

Fig. 3.  Photo of the insulation material sample (on the left) after injection  
of 10 g of water 

 
 

 
 
Fig. 4.  Photo of a wet insulation material sample (on the left) after 75 

freezing/defrosting cycles of 10 g of water 

 
 

 
 
Fig. 5.  Photo of a wet insulation material sample (on the left) after 200 

freezing/defrosting cycles of 10 g of water 

 
 

 
 
Fig. 6.  Photo of a wet insulation material sample (on the left) after 385 

freezing/defrosting cycles of 10 g of water 

 
The paper [1] describes the method of determining the heat flux 

based on the thermovision photo, and this methodology was used 
to determine heat losses in the aging test. In order to compare the 
effect of aging over successive series of freezing/defrosting 
cycles, during the experiment a fragment of identical size of 
19×19 pixels of thermovision photo was selected for analysis.  

Table 1 shows the results of the heat flux calculation of the area 
under analysis it thermovision each photo. The temperature 
difference T K was calculated basing on the average temperature 
of the area AR02 (damp plate) and the average temperature of the 
area AR01 of the reference plate - not thermally stressed. The 
AR02 and AR01 areas analyzed were constant throughout the 
study. 

The heat flux was calculated from the dependency [1]: 
 

W)3.05.14( 


TQ  

 
The summary of the measurement results are placed in 

the column showing the increase in heat losses referenced to the 
heat loss of the dry plate prior to the process of water injection 
into the structure of the insulation material. 
 
Tab. 1. Results of measurements and calculations at various stages of the experiment 
 

Plate condition 
Temperature 

difference T K 
heat flux 



Q  

W 

Heat losses 
increase 

% 

dry 1.2 17.7 100% 

0 freezing cycles 1.3 19.3 109% 

75 freezing cycles 1.4 20.1 114% 

200 freezing cycles 1.5 22.2 125% 

385 freezing cycles 1.6 23.2 131% 
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4. Analysis of results 
 

As a result of the research, it was indicated that the introduction 
of small amounts of water (10 g into a 300 mm×300 mm×40 mm 
plate) reduced the insulation properties of polyurethane - the 
material used in the construction of refrigerated bodies, by 9%. It 
is surprising, however, that these 10 g of water subjected to 
repeated freezing and defrosting cycles in the insulating material 
causes even greater losses than the introduction of water itself. As 
described in the paper, 385 water freezing cycles in insulating 
material doubles the increase in heat loss in relation to increased 
heat loss caused by introduced water. 

 
5. Calculation of measurement error 
 

Temperature measurement with the use of a thermovision 
camera is an indirect measurement. In literature [2,3], methods for 
determining the measuring temperature error are presented. The 
following partial uncertainties were taken into account for the 
analysis of the temperature measurement model implemented in 
the thermovision camera: emissivity  = 0.97 – 0.10; ambient 
temperature, Tamb=(280 ± 3) K, temperature of the atmosphere, 
Tatm = (280 ± 3) K, relative air humidity  = (50 ± 10)% RH, 
distance of plates from the camera lens d = (9.0 ± 0.1) m. 

The total error was determined by the formula given in [3]: 
 

22222

%





















































 d
d

TT
T

T

T
T

T

TT obob
atm

atm

ob
amb

amb

ob
ob

ob

ob
Tob









      (1) 
 
After substituting the data derived from the error graphs on the 
individual components of the model for a temperature 
measurement error [2], it is: 
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Ultimately, the temperature measurement error for the 281 K is 

2.2 K, however, with differential measurements, the error is 
significantly smaller.  

For homogeneous heat fluxes, more accurate measurement 
methods are available, but sensors are not able to correctly 
measure heat fluxes at places of temperature gradients, such as on 
operational heat bridges. The thermal imaging camera and 

described in [1] methodology can estimate the density of heat flux 
within the heat bridges. 
 
6. Conclusions 
 

A refrigerating body designed for transport at controlled 
temperatures is an object in which the operating conditions of the 
insulating material often change. After the transportation of frozen 
products, the cargo transport is often carried out, especially on the 
return route, and it does not need to be performed at such a low 
temperature, or the temperature does not need to be controlled at 
all. It is well known that damp insulation material loses its 
insulating properties, but insulation properties of the heat/cold 
protecting material are lost definitely faster due to cyclic water 
freezing and defrosting. The conclusion is that the users should 
take care of the means of transport and repair every minor damage 
to the plating as soon as possible in order to prevent the 
penetration of water into the insulating material causing the 
destruction of the heat/cold protecting insulation. 
 
7. References 
 
[1] Rochatka T.: Method elaboration for determining heat losses within 

heat leakage bridges occurring in isothermal and cooling bodie. MAM 
Jun 2015, vol. 61, no 06. 

[2] Minkina W., Dudziak S.: Infrared termography. Errors and 
Uncertainties, WILEY 2009. 

[3] Minkina W., Dudziak S.: Termografia w podczerwieni – błędy  
i niepewności. PAK vol. 55, nr 11/2009.  

_____________________________________________________ 
Received: 16.11.2016     Paper reviewed     Accepted: 02.02.2017  

 
 
 
Tomasz ROCHATKA, PhD, eng. 
 
He is graduate in the Poznań University of Technology 
(1995), obtained the doctor’s degree (2003). The author 
and co-author of studies concerning thermovision, 
especially tests of vehicles for the refrigerating food 
transport and refrigerating chambers for the food 
storage. He participated in design works as well as in the 
realization and starting up the station for testing the 
isothermal and refrigerating bodies according to the 
ATP standard of the Poznan University of Technology. 
 
 
e-mail: tomasz.rochatka@put.poznan.pl 

 
 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


