
��
$LU�WLJKWQHVV�DQG�KHDW�OHDNDJH�LQ�
LQVXODWHG�ERGLHV�
�

/HR�/XNDVVH��$DUW�-DQ�YDQ�GHU�9RRUW��-RKDQ�3ORHJDHUW�
�

5HSRUW�����
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&RORSKRQ�

7KH�TXDOLW\�PDQDJHPHQW�V\VWHP�RI�$JURWHFKQRORJ\�	�)RRG�,QQRYDWLRQV�%�9��LV�
FHUWLILHG�E\�6*6�,QWHUQDWLRQDO�&HUWLILFDWLRQ�6HUYLFHV�((69�DFFRUGLQJ�WR�,62�
������������

7LWOH� $LU�WLJKWQHVV�DQG�KHDW�OHDNDJH�LQ�LQVXODWHG�ERGLHV�
$XWKRU�V�� /HR�/XNDVVH��$DUW�-DQ�YDQ�GHU�9RRUW��-RKDQ�3ORHJDHUW�
$	)�QXPEHU� ����
,6%1�QXPEHU� ,6%1���������������
'DWH�RI�SXEOLFDWLRQ� 'HFHPEHU������
&RQILGHQWLDOLW\� 1R�
23'�FRGH� �������
�
$JURWHFKQRORJ\�	�)RRG�,QQRYDWLRQV�%�9��
3�2��%R[����
1/������$$�:DJHQLQJHQ�
7HO���������������������
(�PDLO��LQIR�DJURWHFKQRORJ\DQGIRRG#ZXU�QO��LQIR#UHHIHUWUDQVSRUW�QO�
,QWHUQHW��ZZZ�DIVJ�ZXU�QO��ZZZ�UHHIHUWUDQVSRUW�QO�
�
��$JURWHFKQRORJ\�	�)RRG�,QQRYDWLRQV�%�9��YHUVLRQ����������������
$OOH�UHFKWHQ�YRRUEHKRXGHQ��1LHWV�XLW�GH]H�XLWJDYH�PDJ�ZRUGHQ�YHUYHHOYRXGLJG��RSJHVODJHQ�LQ�HHQ�JHDXWRPDWLVHHUG�
JHJHYHQVEHVWDQG�RI�RSHQEDDU�JHPDDNW�LQ�HQLJH�YRUP�RI�RS�HQLJH�ZLM]H��KHW]LM�HOHNWURQLVFK��KHW]LM�PHFKDQLVFK��GRRU�
IRWRNRSLHsQ��RSQDPHQ�RI�HQLJH�DQGHUH�PDQLHU��]RQGHU�YRRUDIJDDQGH�VFKULIWHOLMNH�WRHVWHPPLQJ�YDQ�GH�XLWJHYHU��'H�
XLWJHYHU�DDQYDDUGW�JHHQ�DDQVSUDNHOLMNKHLG�YRRU�HYHQWXHOH�IRXWHQ�RI�RQYRONRPHQKHGHQ��
$OO�ULJKWV�UHVHUYHG��1R�SDUW�RI�WKLV�SXEOLFDWLRQ�PD\�EH�UHSURGXFHG��VWRUHG�LQ�D�UHWULHYDO�V\VWHP�RI�DQ\�QDWXUH��RU�WUDQVPLWWHG��LQ�DQ\�IRUP�
RU�E\�DQ\�PHDQV��HOHFWURQLF��PHFKDQLFDO��SKRWRFRS\LQJ��UHFRUGLQJ�RU�RWKHUZLVH��ZLWKRXW�WKH�SULRU�SHUPLVVLRQ�RI�WKH�SXEOLVKHU��7KH�SXEOLVKHU�
GRHV�QRW�DFFHSW�DQ\�OLDELOLW\�IRU��LQDFFXUDFLHV�LQ�WKLV�UHSRUW��
�
�
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&RQWHQW�
� ,QWURGXFWLRQ� � 
��� 2EMHFWLYH� � 
��� &RQWH[W� � 

� $LU�WLJKWQHVV�VWDQGDUGV� � 

� 0DWHULDOV�DQG�PHWKRGV� � 
��� $LU�WLJKWQHVV�PHDVXUHPHQW� � 

� 0HDVXUHPHQW�UHVXOWV� � 

� 'LVFXVVLRQ� � 

� &RQFOXVLRQV� � 

$FNQRZOHGJHPHQWV� � 

5HIHUHQFHV� � 

$SSHQGL[����SKRWRV� � 

7HVW�ORJ� �� 
�
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�� ,QWURGXFWLRQ�
���� 2EMHFWLYH��
7KH�REMHFWLYH�RI�WKLV�SURMHFW�LV�WR�JDLQ�TXDQWLWDWLYH�LQVLJKW�LQ�WKH�UHODWLRQ�EHWZHHQ�PHDVXUHG�DLU�
WLJKWQHVV�DQG�WKH�.�YDOXH�RI�LQVXODWHG�ERGLHV�PHDVXUHG�LQ�D�GHVLJQDWHG�$73�WHVWLQJ�VWDWLRQ��
���� &RQWH[W��
$W�WKH�VWDUW�RI�WKLV�UHVHDUFK�SURMHFW�WKH�DXWKRUV�KDG�QR�TXDQWLWDWLYH�NQRZOHGJH�RQ�WKH�UHODWLRQ�
EHWZHHQ�DLU�WLJKWQHVV�DQG�PHDVXUHG�.�YDOXH��7KLV�SURMHFW�DLPV�WR�JDLQ�LQVLJKW�LQ�WKDW�UHODWLRQ�LQ�
FRRSHUDWLRQ�ZLWK�D�ERG\�PDQXIDFWXUHU��7KH�ERG\�PDQXIDFWXUHU�LQYROYHG�KDV�D�ORQJ�WUDGLWLRQ�LQ�
WKH�PDQXIDFWXULQJ�RI�KLJK�TXDOLW\�LQVXODWHG�ERGLHV�IRU�UHIULJHUDWHG�WUDQVSRUW��%\�YLUWXH�RI�KLV�
GHVLUH�WR�PDQXIDFWXUH�KLJK�TXDOLW\�LQVXODWHG�ERGLHV�KH�ZLVKHV�WR�LQFUHDVH�KLV�LQVLJKW�LQ�WKH�
UHODWLRQ�EHWZHHQ�DLU�WLJKWQHVV�DQG�KHDW�OHDNDJH��7KLV�UHVHDUFK�SURMHFW�LV�PHDQW�WR�LQFUHDVH�WKDW�
LQVLJKW�E\�PHDVXULQJ�WKH�.�YDOXH�RI�DQ�LQVXODWHG�ERG\�IRU�D�UDQJH�RI�VHYHUDO�DLU�WLJKWQHVV�YDOXHV���
�
�� $LU�WLJKWQHVV�VWDQGDUGV�
7KH�DXWKRUV�DUH�DZDUH�RI�WKH�DLU�WLJKWQHVV�VWDQGDUGV�IRU�UHIULJHUDWHG�WUDQVSRUW�HTXLSPHQW�OLVWHG�LQ�
7DEOH�����
7DEOH����DLU�WLJKWQHVV�QRUPV��DOO�DW����3D�SUHVVXUH�GLIIHUHQFH���
norm norm value norm unit internal 

pressure
temperatures

DIN8959 (par. 5.1.4), regardless FRC/FNA: 0.25 m3/h.m2 positive Ti=Te
ISO 1496-2 for 20’ and 40’ reefer containers: 10 + 5 per 

side door
m3/h positive Ti = Te ± 3 °C, 

15<Ti<25 °C, 
15<Te<25 °C

DIN1815 (par. 5.1.3) for FNA vans: 0.75 m3/h.m2 negative Ti = Te = 25 ± 1 °C

DIN1815 (par. 5.1.3) for FRC vans: 0.25 m3/h.m2 negative Ti = Te = 25 ± 1 °C

�
�� 0DWHULDOV�DQG�PHWKRGV�
$Q�LQVXODWHG�)5&�FODVV�YHKLFOH��7DEOH����KDV�EHHQ�SODFHG�LQ�RXU�$73�FOLPDWH�FKDPEHU��,Q�WKH�
FOLPDWH�FKDPEHU�ERWK�WKH�.�YDOXH�DQG�WKH�DLU�WLJKWQHVV�RI�WKH�YHKLFOH�KDYH�EHHQ�PHDVXUHG���
WLPHV�IRU���GLIIHUHQW�GHJUHHV�RI�DLU�WLJKWQHVV��7KH�GHJUHH�RI�DLU�WLJKWQHVV�KDV�EHHQ�DOWHUHG�E\�
GULOOLQJ�KROHV�LQ�WKH�YHKLFOH
V�YHQW�RSHQLQJ��S�����)LJ�����)LJ������7KH�.�YDOXH�KDV�EHHQ�PHDVXUHG�
DFFRUGLQJ�WR�$73�SURFHGXUHV�ZLWK�RXU�VWDQGDUG�$73�PHDVXUHPHQW�HTXLSPHQW��)LJ�����S������$LU�
WLJKWQHVV�KDV�EHHQ�PHDVXUHG�ZLWK�RXU�RZQ�EUDQGQHZ�DLU�OHDNDJH�PHDVXUHPHQW�GHYLFH�DW�
WHPSHUDWXUHV�7 � � �7 � � ����°&�XVLQJ�DQ�LQWHUQDO�XQGHUSUHVVXUH��7KHVH�WHVW�FRQGLWLRQV�FRPSO\�ZLWK�
D�PL[WXUH�RI�WKH�QRUP�JXLGHOLQHV�OLVWHG�LQ�7DEOH����
�
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7DEOH����SULQFLSDO�FKDUDFWHULVWLFV�RI�WHVW�ERG\��
GHVFULSWLRQ� YDOXH�
/HQJWK��P�� ������
:LGWK��P�� ������
+HLJKW��P�� ������
PHDQ�ZDOO�VXUIDFH��P � �� �������
1R��RI�UHDU�GRRUV� ��
1R��RI�VLGH�GRRUV� ��
1R��RI�YHQW�RSHQLQJV� ��
�
���� $LU�WLJKWQHVV�PHDVXUHPHQW�
)RU�WKLV�SURMHFW�DQ�DLU�OHDNDJH�UDWH�PHDVXUHPHQW�GHYLFH�KDV�EHHQ�EXLOW��)LJ�����S�������,Q�WKH�
GHVLJQ�RI�WKH�GHYLFH�WKH�REMHFWLYH�KDV�EHHQ�WR�GHYHORS�D�GHYLFH�ZKLFK�FDQ�HDVLO\�EH�HPSOR\HG�
VWDQG�DORQH�LQ�WKH�ILHOG�WR�PHDVXUH�WKH�DLU�WLJKWQHVV�RI�DQ\�LQVXODWHG�YHKLFOH�LQ�FRPSOLDQFH�ZLWK�
DQ\�VWDQGDUG�LQ�7DEOH����,Q�WKH�GHVLJQ�SURFHVV�WKH�H[LVWLQJ�DLU�OHDNDJH�PHDVXUHPHQW�GHYLFH�RI�
*HUPDQLVFKHU�/OR\G�VHUYHG�DV�DQ�H[DPSOH��7KH�EDVLF�FRPSRQHQWV�RI�WKH�DLU�OHDNDJH�
PHDVXUHPHQW�GHYLFH�DUH�D�FRQWUROODEOH�DLU�FRPSUHVVRU��D�YDQH�DQHPRPHWHU�WR�PHDVXUH�DLUIORZ��D�
SUHVVXUH�GLIIHUHQFH�VHQVRU�DQG�D�ORJJLQJ�XQLW�WR�PRQLWRU�SUHVVXUH�GURS�DQG�DLU�IORZ��
��
�� 0HDVXUHPHQW�UHVXOWV�
7DEOH���SUHVHQWV�WKH�IRXU�DLU�OHDNDJH�PHDVXUHPHQW�UHVXOWV��7DEOH���SUHVHQWV�WKH�IRXU�.�YDOXH�
PHDVXUHPHQW�UHVXOWV��7DEOH���OLVWV�WKH�GHWDLOV�IRU�.�YDOXH�PHDVXUHPHQW�QR�����7KH�GHWDLOV�RI�WKH�
WKUHH�RWKHU�.�YDOXH�PHDVXUHPHQWV�DUH�RPLWWHG�IURP�WKH�UHSRUW��7KH�TXDOLW\�RI�WKH�RWKHU�.�YDOXH�
PHDVXUHPHQWV�LV�HTXDO�WR�PHDVXUHPHQW�QR����DQG�DOO�IRXU�.�YDOXH�PHDVXUHPHQWV�PHHW�WKH�$73�
VWDQGDUGV��)LJ����GHSLFWV�WKH�UHODWLRQ�EHWZHHQ�PHDVXUHG�KHDW�WUDQVIHU�FRHIILFLHQW�.�DQG�DLU�
WLJKWQHVV�E\�SORWWLQJ�WKH�DLUIORZ�PHDVXUHPHQWV��7DEOH����RQ�WKH�KRUL]RQWDO�D[LV�DQG�WKH�.�YDOXH�
PHDVXUHPHQWV��7DEOH����RQ�WKH�YHUWLFDO�D[LV��
�
7DEOH����DLU�WLJKWQHVV�PHDVXUHPHQW�UHVXOWV��
QR�� )�P � �K�� '3��3D��� 7 � �7 � ��q&�� GDWH��WLPH�
)���� ����� ���� ������ ���������������
)���� ����� ���� ������ ����������������
)���� ����� ���� ������ ����������������
)���� ����� ���� ������ ����������������
� � � � �
�
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7DEOH����VXPPDU\�RI�.�YDOXH�PHDVXUHPHQW�UHVXOWV��
QR�� .��:�P � �q&�� VWDUW��GDWH�DQG�WLPH�� HQG��GDWH�DQG�WLPH��
.���� ����� �������������������� ��������������������
.���� ������ �������������������� ��������������������
.���� ������ �������������������� ��������������������
.���� ������ �������������������� ��������������������
�
7DEOH����GHWDLO�RI�PHDVXUHPHQWV�IRU�.�����
PHDV��FKDUDFWHULVWLF� PHDV��YDOXH� PHDV��XQLW��
WHVWLQJ�PHWKRG� LQQHU�KHDWLQJ� ��
6WDUW�RI�LQQHU�KHDWLQJ�WHVW� ��������������������� GG�PP�\\��KK�PP�VV�
VWHDG\�VWDWH�FRQGLWLRQ������ VWDUW� ��������������������� GG�PP�\\��KK�PP�VV�
VWHDG\�VWDWH�FRQGLWLRQ������ HQG� ��������������������� GG�PP�\\��KK�PP�VV�
'XUDWLRQ�RI�VWHDG\�VWDWH�FRQGLWLRQ� ��������� KK�PP�VV�
'XUDWLRQ�RI�LQQHU�KHDWLQJ�WHVW� ��������� KK�PP�VV�
PHDQ�WHPSHUDWXUH�RXWVLGH�ERG\� ����� �&�
PD[��GLIIHUHQFH�EHWZHHQ�WZR�DYHUDJH�
RXWVLGH�WHPSHUDWXUHV�

����� �&�

PD[��GLIIHUHQFH�EHWZHHQ�WZR�RXWVLGH�
PHDVXULQJ�SRLQWV�

����� �&�

PHDQ�WHPSHUDWXUH�LQVLGH�ERG\� ������ �&�
PD[��GLIIHUHQFH�EHWZHHQ�WZR�DYHUDJH�LQVLGH�
WHPSHUDWXUHV�

����� �&�

PD[��GLIIHUHQFH�EHWZHHQ�WZR�LQVLGH�
PHDVXULQJ�SRLQWV�

����� �&�

7HPSHUDWXUH�GLIIHUHQFH�LQVLGH�RXWVLGH� ������ �&�
PHDQ�ZDOO�WHPSHUDWXUH� ������ �&�
+HDWLQJ�SRZHU�LQFOXGLQJ�IDQ�SRZHU� ������� :�
7RWDO�KHDW�OHDNDJH�UDWH�8� ������ :��&��
2YHUDOO�FRHIILFLHQW�RI�KHDW�WUDQVIHU�.� ������ :�P � ��&�
�
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air leakage rate (m3/h) �
)LJ�����PHDVXUHG�KHDW�WUDQVIHU�FRHIILFLHQW�.�DV�D�IXQFWLRQ�RI�DLU�WLJKWQHVV��
�
�� 'LVFXVVLRQ�
)RU�WKH�WHVW�ERG\�ZLWK�PHDQ�ZDOO�VXUIDFH��������P � ��7DEOH����',1������7DEOH����DOORZV�D�PD[��
DLU�OHDNDJH�UDWH�RI��������[������ ������P � �K��7KH�ORZHVW�DLU�OHDNDJH�UDWH�PHDVXUHG�LV������P � �K�
�7DEOH�����7KLV�LV�WKH�DLU�OHDNDJH�UDWH�RI�WKH�LQVXODWHG�ERG\�ZLWKRXW�DQ\�RQ�SXUSRVH�KROHV�GULOOHG�
LQWR�WKH�YHQW�RSHQLQJ��7KH�DLU�OHDNDJH�UDWH�RI������P � �K�LV�MXVW�EHORZ�WKH�QRUP�RI������P � �K�VHW�
E\�',1������)RU�D�PHGLXP�VL]HG�ERG\�ZLWK�WZR�VLGH�GRRUV��7DEOH����WKLV�LV�MXVW�ILQH��
� 7KH�PHDVXUHG�.�YDOXH�LV�KDUGO\�DIIHFWHG�E\�WKH�DLU�OHDNDJH�DV�FDQ�EH�VHHQ�LQ�)LJ�����7KLV�LV�D�
WUXWK�IRU�WKHVH�PHDVXUHPHQWV�SHUIRUPHG�LQ�RXU�WHVW�IDFLOLW\��2XU�WHVW�IDFLOLW\�LV�QRW�D�ZLQG�WXQQHO�
ZLWK�DLU�IORZLQJ�IURP�WKH�IURQW�WR�WKH�UHDU�HQG�RI�WKH�FOLPDWH�FKDPEHU��$LU�FLUFXODWHV�DURXQG�WKH�
YHKLFOH�LQVWHDG��,Q�D�ZLQG�WXQQHO�WKHUH�ZLOO�EH�D��PLQRU��SUHVVXUH�GURS�RYHU�WKH�YHKLFOH�LQ�
ORQJLWXGLQDO�GLUHFWLRQ��+HQFH�WKHUH�WKH�GHSHQGHQFH�RI�.�RQ�DLU�OHDNDJH�PD\�EH�VWURQJHU���
� 7KH�GHSHQGHQFH�RI�.�RQ�DLU�WLJKWQHVV�DOVR�GHSHQGV�RQ�WKH�SRVLWLRQ�RI�WKH�DLU�OHDNV��)RU�
H[DPSOH�WZR�PLQRU�OHDNV�DW�WKH�ORZHU�DQG�XSSHU�HQG�RI�D�GRRU�PD\�FDXVH�D�FKLPQH\�HIIHFW�GXULQJ�
WKH�.�YDOXH�WHVW��ZDUP�LQVLGH�DLU������°&��OHDYLQJ�WKH�YHKLFOH�WKURXJK�WKH�XSSHU�OHDN��DQG�FROG�
RXWVLGH�DLU�����°&��HQWHULQJ�WKURXJK�WKH�ORZHU�OHDN���
� +RZ�WR�H[WUDSRODWH�PHDVXUHG�DLU�WLJKWQHVV�WR�
RQ�WKH�URDG�VLWXDWLRQV
"�7KUHH�DGGLWLRQDO�HIIHFWV�
DUH�WR�EH�H[SHFWHG�RQ�WKH�URDG�����LQFUHDVHG�SUHVVXUH�GURS�GXH�WR�YHKLFOH�YHORFLW\�����LQFUHDVHG�
SUHVVXUH�GURS�GXH�WR�ZLQG�����SXPSLQJ�RI�UHIULJHUDWLRQ�XQLWV�LQ�VWDUW�VWRS�RSHUDWLRQ��DV�WKH\�
FRQWLQXRXVO\�RVFLOODWH�WKH�LQWHUQDO�DLU�GHQVLW\�DQG�KHQFH�SUHVVXUH��6RPH�QXPEHUV�DERXW�WKH�
ZRUVHQLQJ�RI�WKH�.�YDOXH�
RQ�WKH�URDG
�DV�FRPSDUHG�WR�$73�WHVW�FRQGLWLRQV�������%RGHQKHLPHU��
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����������3RW\QVNL��
����DQG������%DFKPDLHU�DQG�%RUQVFKOHJO��
�����,W�LV�XQFOHDU�WR�ZKDW�H[WHQG�
DLU�OHDNDJH�LV�UHVSRQVLEOH�IRU�WKLV�ZRUVHQLQJ��EXW�LW�LV�OLNHO\�WKDW�LW�LV�D�VLJQLILFDQW�IDFWRU��
�
�� &RQFOXVLRQV�

• 7KH�DLU�OHDNDJH�UDWH�RI�WKH�LQVXODWHG�WHVW�ERG\�ZLWKRXW�DQ\�RQ�SXUSRVH�KROHV�GULOOHG�LQWR�WKH�
YHQW�RSHQLQJ�PHHWV�WKH�UHTXLUHPHQWV�VHW�E\�',1������GHVSLWH�WKH�SUHVHQFH�RI�WZR�VLGH�
GRRUV��

• ,Q�WKH�PHDVXUHPHQWV�FROOHFWHG�LQ�RXU�$73�WHVW�ODERUDWRU\�GXULQJ�WKLV�VWXG\�WKH�PHDVXUHG�
.�YDOXH�LV�KDUGO\�DIIHFWHG�E\�WKH�PHDVXUHG�DLU�OHDNDJH�UDWH��

�
$FNQRZOHGJHPHQWV��
7KH�DXWKRUV�WKDQN�ERWK�WKH�ERG\�PDQXIDFWXUHU�LQYROYHG�DQG�*HUPDQLVFKHU�/OR\G�IRU�WKHLU�
VXSSRUW�WR�WKLV�VWXG\��
�
5HIHUHQFHV��
%RGHQKHLPHU��%�$����������6HWWLQJ�VWDQGDUGV�IRU�DLU�OHDNDJH�UDWHV��5HIULJHUDWHG�7UDQVSRUWHU��$SULO�

������SS���������
3RW\QVNL��-����������0HDVXULQJ�WKH�DLU�WLJKWQHVV�RI�WHPSHUDWXUH�FRQWUROOHG�WUDQVSRUW�DQG�LWV�

LQIOXHQFH�RQ�KHDW�ORVVHV��3URF��;,,�,QW��&RQJUHVV�RI�5HIULJHUDWLRQ��YRO����������0DGULG��SS��
���������

%DFKPDLHU��:���$��%RUQVFKOHJO���������7KH�LQIOXHQFH�RI�DLU�OHDNDJH�RQ�WKH�.�IDFWRU�RI�VSHFLDO�
HTXLSPHQW�IRU�WKH�URDG�WUDQVSRUW�RI�SHULVKDEOH�IRRGVWXIIV��%XOO��,,)�,,5�$QQH[�������&UDFRZ��
SS�����������
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$SSHQGL[����SKRWRV�
�

�
)LJ�����KROHV�GULOOHG�LQWR�YHQW�RSHQLQJ�
�RXWVLGH�YLHZ���
�

�
)LJ������KROHV�GULOOHG�LQWR�YHQW�RSHQLQJ�
�LQVLGH�YLHZ���
�

�

�
)LJ�����.�YDOXH�PHDVXUHPHQW�HTXLSPHQW�LQVLGH�WHVW�ERG\��
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�

�
)LJ�����DLU�OHDNDJH�PHDVXUHPHQW�GHYLFH��
�
�
�
7HVW�ORJ�
'DWH�>GG�PP�\\\\@� 'HVFULSWLRQ�RI�DFWLYLWLHV�
�����������������K� )LUVW�DLU�OHDNDJH�PHDVXUHPHQW�)����#�7 � � �7 � � ����°&��
�����������������K� 6WDUW�RI�ILUVW�.�YDOXH�PHDVXUHPHQW�.����
����������������K� &OLPDWH�FKDPEHU�VHW�DW����°&��ERG\�GRRUV�RSHQHG��LQWHUQDO�

KHDWLQJ�WHUPLQDWHG��%RWK�7 � �DQG�7 � ����°&�
�����������������K� +ROH�GULOOHG��$LU�OHDNDJH�PHDVXUHPHQW�)����#�7 � � �7 � � ����°&�
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