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

7LWOH� 5HHIHU�XQLWV�JXLGH�IRU�IORZHUEXOE�VKLSPHQW��YHUVLRQ�� �� ����
$XWKRU�V�� ' U��/ HR�/ XNDVVH��,U��-DQQHNH�GH�. UDPHU�&XSSHQ�
$) 6* �QXPEHU� � � � ��
,6%1 � � � � �� � �� � � � �� � � �� �
' DWH�RI�SXEOLFDWLRQ� -XQH�� � � � �
&RQILGHQWLDOLW\ � QR�
2 3' �FRGH� � � � � � � �
$SSURYHG�E\ � ,U��+ �/ �0 �0 ��0 DDV�0 %$�
�
$JURWHFKQRORJ\ �DQG�) RRG�6FLHQFHV�* URXS�
3�2 ��%R[ �� � �
1 / �� � � � �$$ �: DJHQLQJHQ�
7HO��� � � ��� �� � � �� � � �� � � �
( �PDLO��LQIR�DIVJ# ZXU�QO�
,QWHUQHW��ZZZ�DIVJ�ZXU�QO��ZZZ�UHHIHUWUDQVSRUW�QO��
�
‹ �$JURWHFKQRORJ\ �DQG�) RRG�6FLHQFHV�* URXS�
$OOH�UHFKWHQ�YRRUEHKRXGHQ��1 LHWV�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��1 R�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�SRVVLEOH�HUURUV�RU�LQDFFXUDFLHV�LQ�WKLV�PDQXDO��
�

�
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3UHIDFH��
7KLV�PDQXDO�ZDV�FRPSRVHG�LQ�D�SURMHFW�ILQDQFHG�E\ �1 LHEHUGLQJ�9HU] HNHULQJHQ�%�9 ��3XUSRVH�RI�
WKH�SURMHFW�ZDV�WR�SURYLGH�IORZHUEXOE�VKLSSHUV�ZLWK�LQIRUPDWLRQ�DQG� RU�WRROV�WR�VXSSRUW�WKHP�LQ�
GHFLGLQJ�RQ�WKHLU�UHHIHU�XQLW�VHWWLQJV��$VSHFWV�FRYHUHG�DUH�WHPSHUDWXUH��IUHVK�DLU�YHQWV��GHIURVW�
LQWHUYDO��UHODWLYH�KXPLGLW\ ��GHKXPLGLILFDWLRQ��EXOE�PRGH��IDQ�VSHHG��GHIURVW�WHUPLQDWLRQ�
WHPSHUDWXUH��WKH�0 ROOLHU�GLDJUDP��D�IORZHUEXOE�VKLSSHU
V�FKHFNOLVW�DQG�VRPH�LQWHUQHW�OLQNV�RQ��WKH�
XVH�RI��UHHIHU�FRQWDLQHUV��7KHUH�DUH�WKUHH�RXWSXWV�RI�WKH�SURMHFW��

� � 7KLV�PDQXDO��
� � 6KLSSHU
V�FKHFN�OLVW�IRU�IORZHUEXOE�VKLSPHQW�LQ�UHHIHU�FRQWDLQHUV��D�FKHFN�OLVW�RI�RQH�$ � �

IRUP�FRYHULQJ�WKH�PRVW�LPSRUWDQW�LVVXHV�ZKLFK�GHVHUYH�WKH�IORZHUEXOE�VKLSSHU
V�DWWHQWLRQ�
GXULQJ�ORDGLQJ�RI�FRQWDLQHUV��DOVR�LQFOXGHG�LQ�WKLV�PDQXDO�DV�DSSHQGL[ �,9 ��S��� � ���

� � 5HHIHU�6HWWLQJV�6XSSRUW�7RRO�IRU�) ORZHUEXOEV��DQ�H[ FHO�SURJUDP�WKDW�DGYLVHV�RQ�UHHIHU�XQLW�
VHWWLQJV��,QSXW�WR�WKH�SURJUDP�LV�VRPH�LQIRUPDWLRQ�RQ�GHVLUHG�FOLPDWH��GHVWLQDWLRQ�DQG�
PDLQ�XQLW�FDSDFLWLHV��2 XWSXW�LV�D�OLVW�RI�DGYLVHG�XQLW�VHWWLQJV�DQG�DQ�LQGLFDWLRQ�RI�WKH�
IHDVLELOLW\ �RI�WKH�GHVLUHG�FOLPDWH��
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&RQWHQW�
�

3UHIDFH� �  

�  ,QWURGXFWLRQ� �  
� ��  &OLPDWH�DVSHFWV�LPSRUWDQW�WR�IORZHU�EXOEV� �  
� ��  2 YHUYLHZ�RI�SRVVLEOH�XQLW�VHWWLQJV� �  
� ��  2 XWOLQH�RI�WKLV�PDQXDO� �  

�  7HP SHUDWXUH� �  

�  ) UHVK�DLU�YHQWV� �  

�  ' HIURVW�LQWHUYDO� � �  

�  5 + ��GHKXP LGLILFDWLRQ�� � �  

�  %XOE�P RGH��GHIURVW�WHUP LQDWLRQ�WHP SHUDWXUH�� � �  
� ��  ) DQ�VSHHG� � �  
� ��  ' HIURVW�WHUPLQDWLRQ�WHPSHUDWXUH� � �  

�  5 HHIHU�XQLW�VHWWLQJV�SHU�P DQXIDFWXUHU�VSHFLILFDOO\ �� � �  

�  $SSHQGL[ �, ��HQWKDOS\ �FRQWHQW�FDOFXODWLRQ�IRU�GHKXP ��FDSDFLW\ �� � �  

�  $SSHQGL[ �, , ��ZDWHU�LQWDNH�DQG�UHTXLUHG�GHIURVW�LQWHUYDO�LQ�UHODWLRQ�WR�YHQWLODWLRQ�� � �  

� �  $SSHQGL[ �, , , ��0 ROOLHU�GLDJUDP ��FT��K� [ �GLDJUDP �IRU�KXP LG�DLU� � �  

� �  $SSHQGL[ �,9 ��IORZHUEXOE�VKLSSHU
V�FKHFNOLVW� � �  

� �  $SSHQGL[ �9 ��LQWHUHVWLQJ�LQWHUQHW�OLQNV� � �  

$FNQRZOHGJHP HQWV� � �  

' LVFODLP HU� � �  
�
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�  ,QWURGXFWLRQ�
7KLV�UHHIHU�XQLW�JXLGH�GLVFXVVHV�WKH�XQLW�VHWWLQJV�UHOHYDQW�WR�IORZHU�EXOE�WUDQVSRUW�LQ�UHHIHU�
FRQWDLQHUV��$ �UHHIHU�FRQWDLQHU��) LJ��� ��FRQVLVWV�RI�D�� � �RU�� � �IW�ER[ �ZLWK�7�EDU�IORRU�DQG�D�
UHIULJHUDWLRQ�XQLW��7KH�ER[ �LV�ORDGHG�ZLWK�SDOOHWL] HG�FUDWHV��7KH�UHIULJHUDWLRQ�XQLW�LV�HTXLSSHG�ZLWK�
IDQV�WKDW�GUDZ�ZDUP�DLU�IURP�WKH�KHDGVSDFH��DERYH�WKH�SDOOHWV��DQG�SXVK�WKH�FRROHG�DLU�EDFN�LQWR�
WKH�ER[ ��WKURXJK�WKH�7�EDU�IORRU��

Fig. 1, schematic overview of a reefer  container  

�
0 DQ\ �IDFWRUV�DIIHFW�WKH�EXOE�TXDOLW\ �DW�GHOLYHU\ ��) LJ��� ���+ RZHYHU��WKH�VFRSH�RI�WKLV�VWXG\ �LV�
OLPLWHG�WR�UHODWLQJ�XQLW�VHWWLQJV�WR�WKH�FOLPDWH�LQ�WKH�FRQWDLQHU���

�
Fig. 2, schematic overview of factors affecting bulb quality at delivery. 

RWKHU�DVSHFWV��
GXUDWLRQ�RI�WULS�
FRQWDLQHU�8 �YDOXH�
� � �IW�� �� � �IW�+ &�
VWRZDJH�	 �SDFNDJLQJ�
RSHQ�VSDFH�DERYH�FDUJR�
FRQWDLQHU�SUHFRROLQJ��
FDUJR�SUHFRROLQJ�
RSHQ�GUDLQKROHV�
XQLW
V�KHDWLQJ��UHIULJHUDWLRQ��
DQG�IDQ�FDSDFLW\ �
PRLVWXUH��KHDW�DQG�HWK\ OHQH�
SURGXFWLRQ�RI�WKH�EXOEV�
VRUWLQJ�IXVDULXP�SULRU�WR�WULS�
�

FOLP DWH��
WHPSHUDWXUH�
KXPLGLW\ �
HWK\ OHQH�

EXOE�TXDOLW\ �
DW�GHOLYHU\ �

EXOE�TXDOLW\ �
DW�GHSDUWXUH�

VHWWLQJV��
WHPSHUDWXUH�VHWSRLQW�
IUHVK�DLU�YHQWV�
GHIURVW�LQWHUYDO�
UHODWLYH�KXPLGLW\ �VHWSRLQW
IDQ�VSHHG�
GHIURVW�WHUPLQDWLRQ�WHPSHUDWXUH�

·  + HDG�VSDFH�
·  7�EDU�IORRU�
·  6XSSO\ �DLU�
·  5HIULJHUDWLRQ�XQLW�ZLWK�IDQ�
·  5HWXUQ�DLU�
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� ��  &OLP DWH�DVSHFWV�LP SRUWDQW�WR�IORZHU�EXOEV�
&OLPDWH�DVSHFWV�LPSRUWDQW�WR�IORZHU�EXOEV�DUH�WHPSHUDWXUH��UHODWLYH�KXPLGLW\ ��5+ ��DQG�HWK\ OHQH��
,W�GHSHQGV�RQ�WKH�VSHFLHV��FXOWLYDU�DQG�VWDJH�RI�OLIH�ZKLFK�DVSHFW�LV�PRVW�LPSRUWDQW�LQ�D�VSHFLILF�
VKLSPHQW��6RPH�EURDG�FDWHJRULHV�DUH�LQGLFDWHG�LQ�7DEOH�� ��

Table 1, bulb categor ies, typical temperatures and impor tant aspects. 

EXOE�VSHFLHV� WHP SHUDWXUH� LP SRUWDQW�DVSHFWV�
OLO\ � �� �a �� � �ƒ&�� WHPSHUDWXUH�
WXOLS� � � �a �� � � �ƒ&� WHPSHUDWXUH��HWK\ OHQH��5+ ��� � �a �� � � ��
SHUHQQLDOV� �� �� �a �� �ƒ&�� WHPSHUDWXUH�
RWKHUV� � � �� �a �� � � �ƒ&�� RIWHQ�WHPSHUDWXUH�DQG�5+ ��� � �a �� � � ��
�
$Q�$72 �FHUWLILHG�UHHIHU�FRQWDLQHU�PHHWV�VRPH�VWDQGDUGV�WKDW�DOORZ�IRU�D�JRRG�FOLPDWH�FRQWURO�LQ�
WKH�FRQWDLQHU��7KH�VWDQGDUGV�HVSHFLDOO\ �DSSO\ �WR�WKH�DVSHFWV�RI�WHPSHUDWXUH�DQG�HWK\ OHQH��7DEOH�
� ���7KH�UHTXLUHPHQWV�IRU�$72 �FHUWLILFDWLRQ�DUH��

� � $LU�YHQWLODWLRQ�RI�HPSW\ �FRQWDLQHU��DW�
� � � 9 � � � + ] ��DW�OHDVW�� �� �P

�

� K�SHU�P
�

�
LQWHUQDO�FRQWDLQHU�YROXPH���

� � $LU�FLUFXODWLRQ�LQVLGH�HPSW\ �FRQWDLQHU�
�DW�� � � 9 � � � + ] ��DW�OHDVW�� � �P

�

� K�SHU�P
�

�
LQWHUQDO�FRQWDLQHU�YROXPH���

� � + HLJKW�RI�7�EDUV�LQ�� � �IW��FRQWDLQHUV�DW�
OHDVW�� � �PP��LQ�� � �IW��FRQWDLQHUV�DW�OHDVW�
� � �PP���

� � ) RXU�GUDLQKROHV�LQ�WKH�FRUQHUV��
$72 �FHUWLILFDWLRQ�\ LHOGV�D�TXDOLW\ �DVVXUDQFH�RQ�DVSHFWV�QRW�FRYHUHG�LQ�RWKHU�VWDQGDUGV�RU�
FHUWLILFDWLRQ�VFKHPHV��) RU�PRUH�GHWDLOV�RQ�$72 �FHUWLILFDWLRQ�YLVLW�ZZZ�UHHIHUWUDQVSRUW�QO��
8 QIRUWXQDWHO\ ��ZLWK�LPSURSHU�XQLW�VHWWLQJV�IORZHUEXOEV�FDQ�EH�SHULVKHG��HYHQ�LQ�$72 �FHUWLILHG�
UHHIHUV��7KLV�UHHIHU�XQLWV�JXLGH�H[ SODLQV�WKH�UHODWLRQ�EHWZHHQ�UHHIHU�XQLW�VHWWLQJV�DQG�WKH�FRQWDLQHU�
FOLPDWH��

� ��  2 YHUYLHZ�RI�SRVVLEOH�XQLW�VHWWLQJV��
7DEOH�� �OLVWV�WKH�SRVVLEOH�XQLW�VHWWLQJV�DQG�WKHLU�XVXDO�UDQJHV��5+ �FRQWURO�WKURXJK�
GHKXPLGLILFDWLRQ��7DEOH�� ��LV�RSWLRQDO�RQ�DOO�UHHIHU�XQLWV�QRZDGD\ V��
2 SWLRQDO
�PHDQV��WKH�XQLWV�
DUH�PDQXIDFWXUHG�LQ�VXFK�D�ZD\ �WKDW�WKH�GHKXPLGLILFDWLRQ�RSWLRQ�PD\�HDVLO\ �EH�LQVWDOOHG��7KH�
GHKXPLGLILFDWLRQ�RSWLRQ�LV�LQVWDOOHG�LQGHHG�RQ�D�YDVW�QXPEHU�RI�XQLWV��EXW�QRW�RQ�DOO�XQLWV���
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Table 2, possible reefer  unit settings and their  usual ranges  

LVVXH�QR�� VHWWLQJ� UDQJH�
� � WHPSHUDWXUH� ���� � �� �a �� � � �� �ƒ&�
� � IUHVK�DLU�YHQWV� � �a �� � � �Pò� K��&0 + ��# �� � �+ ] �
� � GHIURVW�LQWHUYDO� � ��� ��� ��� � ��� � �K��$8 72 �RU�2 ) ) �
� � 5+ ��GHKXPLGLILFDWLRQ�� � � �a �� � � �RU�2 ) ) �
� � LI��EXOE�PRGH�
RQ
��WKHQ��

·  5+ �VHWS��UDQJH�
·  IDQ�VSHHG�
·  GHIURVW�WHUPLQDWLRQ�WHPSHUDWXUH�

�
·  � � �a �� � � �RU�2 ) ) �
·  DOW�>GHIDXOW@��KL��OR�
·  � � �� �a �� � � �� �ƒ&�

� ��  2 XWOLQH�RI�WKLV�P DQXDO�
,Q�WKH�UHPDLQGHU�RI�WKLV�PDQXDO�FKDSWHU�� �WKURXJK�� �HDFK�GLVFXVV�RQH�RI�WKH�VHWWLQJV�LQ�7DEOH�� ��
&KDSWHU�� �OLVWV�WKH�XQLW�VHWWLQJV�DIIHFWLQJ�WKH�FOLPDWH��DQG�WKHLU�SRVVLEOH�UDQJHV��PRUH�VSHFLILFDOO\ �
SHU�XQLW�PDQXIDFWXUHU��7DEOH�� �WLOO�7DEOH�� ���$SSHQGL[ �,�DQG�,,��S��� � �DQG�� � ��SURYLGH�VRPH�
EDFNJURXQG�FDOFXODWLRQV��$SSHQGL[ �,,,��S��� � ��FRQWDLQV�D�0 ROOLHU�GLDJUDP��DOVR�QDPHG�K� [ �
GLDJUDP�RU�SV\ FKURPHWULF�FKDUW��7KH�0 ROOLHU�GLDJUDP�LV�ZLGHO\ �DFFHSWHG�DV�D�VWDQGDUG�IRU�
JUDSKLFDOO\ �GHSLFWLQJ�WKH�PXWXDO�UHODWLRQV�EHWZHHQ�GU\ �EXOE�WHPSHUDWXUH��ZHW�EXOE�WHPSHUDWXUH��
GHZSRLQW�WHPSHUDWXUH��UHODWLYH�KXPLGLW\ ��DEVROXWH�KXPLGLW\ ��HQWKDOS\ �FRQWHQW�DQG�GHQVLW\ �RI�
KXPLG�DLU��$SSHQGL[ �,9 ��S��� � ��SUHVHQWV�D�IORZHUEXOE�VKLSSHU
V�FKHFNOLVW�IRU�IORZHUEXOE�VKLSPHQW�
LQ�UHHIHU�FRQWDLQHUV��) LQDOO\ �DSSHQGL[ �9 ��S��� � ��LV�D�FROOHFWLRQ�RI�LQWHUQHW�OLQNV�WKDW�PD\ �EH�
ZRUWKZKLOH�IRU�WKH�IORZHUEXOE�VKLSSHU�ZKR�ZDQWV�WR�JDLQ�VRPH�PRUH�LQVLJKW�LQ�WKH�XVH�RI�UHHIHU�
FRQWDLQHUV��

�  7HP SHUDWXUH�
) RU�DOO�XQLWV�WKH�WHPSHUDWXUH��LVVXH�QR��� �LQ�7DEOH�� ��PD\ �EH�VHW�LQ�WKH�UDQJH�IURP��� � �� �a �� � � �� �
ƒ&��) RU�PRVW�LQ�WKH�UDQJH��� � �� �a �� � � �� �ƒ&��) RU�VRPH�HYHQ�LQ�WKH�UDQJH��� � �� �a �� � � �� �ƒ&��,Q�
SHULVKDEOH�PRGH��VHW�WHPSHUDWXUHV�DERYH��� �� �ƒ&��VXSSO\ �DLU�WHPSHUDWXUH��) LJ��� ��ZLOO�EH�WLJKWO\ �
FRQWUROOHG�WR�WKH�VHW�WHPSHUDWXUH��7KH�UHWXUQ�DLU�WHPSHUDWXUH�XVXDOO\ �LV�� �� �WR�� �� �ƒ&�ZDUPHU�WKDQ�
VXSSO\ �DLU�WHPSHUDWXUH��: LWK�IDQV�UXQQLQJ�DW�KLJK�VSHHG�WKH�ZDUPHVW�VSRWV�LQ�WKH�FRQWDLQHU�GR�
QRW�QHHG�WR�EH�PRUH�WKDQ�DERXW�� �� �ƒ&�DERYH�VXSSO\ �DLU�WHPSHUDWXUH��&DUJR�WHPSHUDWXUHV�EHORZ�
VHW�WHPSHUDWXUH�DUH�RQO\ �WR�EH�H[ SHFWHG�ZKHQ�WKH�DPELHQW�WHPSHUDWXUHV�GURS�IDU�EHORZ�WKH�VHW�
WHPSHUDWXUH��7KLV�PD\ �HVS��RFFXU�GXULQJ�LQODQG�WUDQVSRUW�DW�WKH�8 6�HDVW�FRDVW�LQ�ZLQWHU���
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�  ) UHVK�DLU�YHQWV�

�
Fig. 3, some of the most common fresh air  vents (from left to r ight Carr ier , Thermo K ing, Daikin). 

) UHVK�DLU�YHQWV��LVVXH�QR��� �LQ�7DEOH�� ���RU�VLPSO\ �YHQWV��DUH�WR�EH�FORVHG��XQOHVV�HWK\ OHQH�RU�&2 � �
LV�H[ SHFWHG�WR�UHDFK�XQDFFHSWDEOH�OHYHOV��,Q�IORZHUEXOE�VKLSPHQWV�YHQWLODWLRQ�LV�SULPDULO\ �XVHG�WR�
UHGXFH�WKH�ULVN�RI�HWK\ OHQH�GDPDJH�LQ�WXOLS�EXOE�VKLSPHQWV��7KH�PRUH�RQH�YHQWLODWHV�WKH�ORZHU�
WKH�HWK\ OHQH�OHYHO�LQ�WKH�FRQWDLQHU��) XVDULXP�LQIHFWHG�WXOLS�EXOEV��) LJ��� ��SURGXFH�D�ORW�RI�
HWK\ OHQH��7KH�SHUFHQWDJH�RI�SRVVLEO\ �LQIHFWHG�EXOEV�LV�XQNQRZQ��EXW�KHDYLO\ �GHSHQGV�RQ�
WKRURXJK�VRUWLQJ�SULRU�WR�VKLSPHQW��( WK\ OHQH�GDPDJH�FDXVHV�SRRU�RU�QR�IORZHULQJ�ODWHU�RQ��( [ WUD�
FRPSOLFDWLRQ��GDPDJH�GXH�WR�HWK\ OHQH�LV�RQO\ �YLVLEOH�ZKHQ�WKH�EXOEV�VWDUW�IORZHULQJ��

�
Fig. 4, fusar ium-infected tulip bulbs. 

0 DLQ�GUDZEDFN�RI�YHQWLODWLRQ�LV�WKDW�WKH�FRQWDLQHU�WDNHV�LQ�KXPLGLW\ �SUHVHQW�LQ�WKH�DPELHQW�IUHVK�
DLU��7KLV�LQFUHDVHG�KXPLGLW\ �LQWDNH�KDV�WZR�DGYHUVH�HIIHFWV��

� � LQFUHDVHG�QHHG�IRU�GHIURVWLQJ�DW�VHWSRLQWV�EHORZ�� � � �ƒ&���
� � D�VPDOO��"��LQFUHDVH�RI�WKH�UHODWLYH�KXPLGLW\ �LQVLGH�WKH�FRQWDLQHU��
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7KH�ILUVW�HIIHFW�LV�WKH�PRVW�VLJQLILFDQW��,QFUHDVHG�GHIURVW�HIIRUW�FDXVHV�PRUH�IUHTXHQW�RU�ORQJHU�
SHULRGV�ZLWKRXW�FRROLQJ��DQG�GHIURVW�KHDW�OHDNLQJ�LQWR�WKH�FDUJR�KROG�WKURXJK�WKH�UHWXUQ�DLU�
RSHQLQJ��7KXV�LQFUHDVLQJ�WKH�GHIURVW�QHHG�GHFUHDVHV�WHPSHUDWXUH�VWDELOLW\ ��( VS��IRU�KLJKO\ �
WHPSHUDWXUH�VHQVLWLYH�FDUJR��OLO\ �EXOEV��WKLV�HIIHFW�PD\ �EH�GHWULPHQWDO��7KH�VHFRQG�HIIHFW��DQ�
LQFUHDVHG�UHODWLYH�KXPLGLW\ �LQVLGH�WKH�FRQWDLQHU��PD\ �JLYH�ULVH�WR�SHQLFLOOLXP��PRXOG��JURZWK��
ZKLFK�PD\ �GDPDJH�WKH�EXOEV��7KLV�NLQG�RI�GDPDJH�LV�LPPHGLDWHO\ �YLVLEOH�DW�DUULYDO��

7KH�DPRXQW�RI�ZDWHU�WKDW�HQWHUV��RU�OHDYHV��WKH�FRQWDLQHU�WKURXJK�YHQWLODWLRQ�GHSHQGV�XSRQ�
WKH�YHQWLODWLRQ�VHWWLQJ�DQG�WKH�GLIIHUHQFH�EHWZHHQ�WKH��DEVROXWH��KXPLGLW\ �LQVLGH�DQG�RXWVLGH�WKH�
FRQWDLQHU��VHH�DSSHQGL[ �,,��S��� � ��IRU�D�FDOFXODWLRQ�H[ DPSOH��6HH�7DEOH�� �IRU�WKH�W\ SLFDO�DPELHQW�
KXPLGLW\ �D�FRQWDLQHU�HQFRXQWHUV�GXULQJ�D�WULS�RYHU�WKH�RFHDQV��1 RWH��ODUJH�GHYLDWLRQ�PD\ �RFFXU�
GXULQJ�LQODQG�WUDQVSRUW�IURP�SRUW�RI�DUULYDO�WR�ILQDO�GHVWLQDWLRQ��7KLV�LV�HVS��WUXH�DW�WKH�8 6�( DVW�
&RDVW�GXH�WR�WKH�FRQWLQHQWDO�FOLPDWH�RYHUWKHUH��) RU�PRUH�GHWDLOV�YLVLW�WKH�LQWHUDFWLYH�ZHEVLWH�IURP�
WKH�&OLPDWH�' LDJQRVWLFV�&HQWUH��KWWS�� � ZZZ�FGF�QRDD�JRY� FJL�ELQ� &RPSRVLWHV� SULQWSDJH�SO����

Table 3, expected warmest and most humid climates flowerbulbs will pass when travelling over  the oceans 
from the Nether lands to the U.S. or  Far  East.  

' HVWLQDWLRQ� DP ELHQW�WHP SHUDWXUH��ƒ&� � DP ELHQW�KXP LGLW\ ��J� NJ� �
8 6�( DVW�&RDVW� � � � � � �
8 6�: HVW�&RDVW� � � � � � � �
) DU�( DVW� � � � � � � �
�
) LJ��� �LOOXVWUDWHV�ZKDW�KDSSHQV�WR�WKH�VWHDG\ �VWDWH�HWK\ OHQH�OHYHO�>SSE@�DQG�WKH�ZDWHU�LQWDNH�>�NJ�
ZDWHU�� K@�DV�D�IXQFWLRQ�RI�YHQWLODWLRQ�UDWH�>P

�

� K@�IRU�DQ�LPDJLQDU\ �FDUJR�SURGXFLQJ�HWK\ OHQH�DW�D�
UDWH�RI�� �PO� K�DQG�DPELHQW�KXPLGLW\ �� � �J� NJ��&OHDUO\ �WKH�ILUVW�� � �P

�

� K�RI�IUHVK�DLU�KDV�IDU�PRUH�
HIIHFW�RQ�HWK\ OHQH�WKHQ�WKH�QH[ W�� � �P

�

� K��ZKLOH�ZDWHU�LQWDNH�GHSHQGV�OLQHDUO\ �RQ�YHQWLODWLRQ�UDWH��
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Fig. 5, ethylene and water intake as a function of fresh air  exchange. 

7KH�H[ DFW�DPRXQW�RI�YHQWLODWLRQ�DFKLHYHG�LV�RIWHQ�XQFHUWDLQ�EHFDXVH���
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� � 7KH�DPRXQW�RI�YHQWLODWLRQ�GHSHQGV�RQ�WKH�DPRXQW�RI�LFH�WKDW�KDV�EHHQ�EXLOW�XS�RQ�WKH�
HYDSRUDWRU�FRLO��9HQWLODWLRQ�LQFUHDVHV�ZKHQ�PRUH�LFH�EXLOGV�XS��6R�YHQWLODWLRQ�LQWHUIHUHV�
ZLWK�GHIURVW�LQWHUYDO��

� � $ �GHIURVW�PD\ �WDNH�DERXW�� � �PLQXWHV��' XULQJ�D�GHIURVW�WKHUH�LV�QR�YHQWLODWLRQ��
� � 7KH�DPRXQW�RI�YHQWLODWLRQ�GHSHQGV�RQ�IDQ�VSHHG��/ RZ�LQVWHDG�RI�KLJK�IDQ�VSHHG�UHGXFHV�

YHQWLODWLRQ�UDWH�ZLWK�DERXW�� � � ���
� � 7KH�VFDOH�RQ�WKH�YHQW�OLG�LV�DSSUR[ LPDWH��,W�LV�GHVLJQHG�IRU�KLJK�IDQ�VSHHG��QR�LFH�RQ�WKH�

HYDSRUDWRU�FRLO�DQG�XQLW�UXQQLQJ�DW�� � + ] ��
� � 3RZHU�VXSSO\ ��� � �RU�� � �+ ] ��

�  ' HIURVW�LQWHUYDO�
: KHQ�WKH�HYDSRUDWRU�FRLO�WHPSHUDWXUH�LV�EHORZ�� �ƒ&��ZDWHU�YDSRU�IUHH] HV�RQ�WKH�FRLO��7KH�LFH�
UHGXFHV�DLU�FLUFXODWLRQ�UDWH�DQG�UHIULJHUDWLRQ�FDSDFLW\ ��+ HQFH�SHULRGLF�GHIURVWLQJ�LV�UHTXLUHG�WR�
UHPRYH�WKH�LFH��' XULQJ�D�GHIURVW�UHIULJHUDWLRQ�DQG�IDQV�VWRS�DQG�WKH�FRLO�LV�KHDWHG�WR�PHOW�RII�WKH�
LFH��7KH�PHOWHG�LFH�IDOOV�LQ�WR�D�WUD\ ��FDOOHG�GUDLQ�SDQ��DQG�LV�GUDLQHG�RII�WR�WKH�RXWVLGH�WKURXJK�D�
WXEH�ZLWK�6�WUDS��

,Q�WKH�SDVW�WKH�GHIURVW�LQWHUYDO��LVVXH�QR��� �LQ�7DEOH�� ��QHHGHG�WR�EH�VHW�PDQXDOO\ ��1 RZDGD\ V�
DXWR�GHIURVW�LV�EHFRPLQJ�DYDLODEOH��ZKHUH�DUWLILFLDO�LQWHOOLJHQFH�DGMXVWV�WKH�GHIURVW�LQWHUYDO�
GHSHQGLQJ�RQ�WKH�QHHG�IRU�GHIURVWLQJ�VHQVHG��7KHUPR�. LQJ
V�0 DJQXP�XQLWV�VROHO\ �UHO\ �RQ�DXWR�
GHIURVW��ZKLOH�&DUULHU
V�QHZ�XQLWV�DOO�RIIHU�WKH�FKRLFH�EHWZHHQ�DXWR�GHIURVW�RU�D�XVHU�VHOHFWDEOH�
IL[ HG�GHIURVW�LQWHUYDO��

�
Fig. 6, defrost control logic (Daikin). EIS = Evaporator  Inlet pipe temperature Sensor . EOS = Evaporator  
Outlet pipe temperature Sensor . 

) LJ��� �VKRZV�WKH�GHIURVW�FRQWURO�ORJLF�IRU�D�' DLNLQ�XQLW��7KH�XVHU
V�GHIURVW�LQWHUYDO�LV�WKH�
SULPDU\ �WULJJHU�IRU�GHIURVWLQJ��EXW�LW�LV�HQFLUFOHG�ZLWK�VHYHUDO�EXLOW�LQ�VDIHW\ �UXOHV��%DVLFDOO\ ��VLPLODU�
VFKHPHV�KROG�IRU�WKH�RWKHU�XQLW�PDQXIDFWXUHUV��
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' HIURVWLQJ�LV�UHTXLUHG�IRU�WULSV�ZLWK�WHPSHUDWXUH�VHWSRLQWV�EHORZ�� � � �ƒ&��DV�WKH�HYDSRUDWRU�
FRLO�WHPSHUDWXUH�PD\ �EHFRPH�DSSUR[ LPDWHO\ �� � �ƒ&�ORZHU�WKDQ�WHPSHUDWXUH�VHWSRLQW��7KH�UHTXLUHG�
GHIURVW�LQWHUYDO�LV�D�IXQFWLRQ�RI�ZDWHU�YDSRXU�WUDQVSRUW�WR�WKH�HYDSRUDWRU�FRLO��7KH�ZDWHU�KDV�WZR�
VRXUFHV��

� � ZDWHU�HYDSRUDWLQJ�IURP�WKH�FDUJR�
� � �ZDUP��DPELHQW�DLU�HQWHULQJ�WKH�FRQWDLQHU�IRU�YHQWLODWLRQ�

,I�WKH�EXOEV�DUH�ZHOO�GULHG�EHIRUH�VKLSPHQW�WKHQ�ZDWHU�HYDSRUDWLRQ�IURP�WKH�FDUJR�LV�PLQLPDO���
�
' HIURVW�LVVXHV�WR�EHDU�LQ�PLQG��RQH�GHIURVW�WDNHV�DERXW�� � �PLQ���DW�OHDVW���' XULQJ�D�GHIURVW�

WKHUH�LV�QR�UHIULJHUDWLRQ��QR�DLU�FLUFXODWLRQ��QR�DLU�YHQWLODWLRQ��DQG�GHIURVW�KHDW�IORZV�LQWR�WKH�
FRQWDLQHU�WKURXJK�WKH�UHWXUQ�DLU�RSHQLQJ��

7KH�´UHHIHU�VHWWLQJV�VXSSRUW�WRROµ���SXEOLVKHG�DORQJ�ZLWK�WKLV�PDQXDO��FDQ�EH�XVHG�WR�VHOHFW�D�
VXLWDEOH�GHIURVW�LQWHUYDO��7KH�XQGHUO\ LQJ�FDOFXODWLRQ�LV�VKRZQ�LQ�DSSHQGL[ �,,��FKDSWHU�� ��S��� � ���

�  5 + ��GHKXP LGLILFDWLRQ��
5HODWLYH�KXPLGLW\ ��LVVXH�QR��� �LQ�7DEOH�� ���DEEUHYLDWHG�WR�5+ ��LQ�D�UHHIHU�GHSHQGV�RQ�WKH�
WHPSHUDWXUH�VHWSRLQW��DPELHQW�FRQGLWLRQV��DPRXQW�RI�YHQWLODWLRQ��FRROLQJ�HIIRUW�DQG�PRLVWXUH�
SURGXFWLRQ�E\ �WKH�EXOEV��0 RLVWXUH�LV�UHPRYHG�E\ �FRQGHQVLQJ�RU�IURVWLQJ�DQG�VXEVHTXHQW�
GHIURVWLQJ�WKH�HYDSRUDWRU�FRLO��8 VXDOO\ �LQ�UHHIHU�FRQWDLQHUV�ZLWKRXW�GHKXPLGLILFDWLRQ�5+ �ZLOO�EH�
KLJKHU�WKDQ�� � � ��,I�D�ORZHU�5+ �LV�UHTXLUHG�IRU�D�VKLSPHQW��RQH�QHHGV�WR�VHOHFW�D�UHHIHU�ZLWK�WKH�
GHKXPLGLILFDWLRQ�RSWLRQ���

,I�D�UHHIHU�XQLW�LV�ILWWHG�ZLWK�D�KXPLGLW\ �VHQVRU�WKHQ�WKH�XQLW�PD\ �GHKXPLGLI\ �WR�UHGXFH�WKH�
UHODWLYH�KXPLGLW\ �RI�WKH�DLU�LQVLGH�WKH�FRQWDLQHU��4 XDQWLWDWLYH�LQVLJKW�LQ�WKH�SURFHVV�RI�
GHKXPLGLILFDWLRQ�UHTXLUHV�VRPH�EDVLF�XQGHUVWDQGLQJ�RI�DLU�SV\ FKURPHWULFV��6HDUFK�
ZZZ�HQJLQHHULQJWRROER[ �FRP�IRU�
SV\ FKURPHWULFV
�IRU�VRPH�PRUH�EDFNJURXQG�LQIRUPDWLRQ��

�
Fig. 7, schematic air  flows through refr igeration unit and cargo hold 

,Q�UHHIHU�XQLWV��OLNH�LQ�XVXDO�DLU�FRQGLWLRQLQJ�XQLWV��GHKXPLGLILFDWLRQ�LV�SHUIRUPHG�E\ �ILUVW�
VXEFRROLQJ�WKH�UHWXUQ�DLU�DQG�VXEVHTXHQWO\ �UHKHDWLQJ�WKH�DLU�EHIRUH�LW�LV�VXSSOLHG�WR�WKH�FDUJR�KROG�
DJDLQ��6HH�) LJ��� �IRU�D�VFKHPDWLF�RYHUYLHZ�RI�WKH�DLU�IORZV�WKURXJK�FDUJR�KROG�DQG�UHIULJHUDWLRQ�
XQLW��6XSSRVH�UHWXUQ�DLU�IURP��7��5+ �� ��� � �ƒ&��� � � ��QHHGV�WR�EH�FRQGLWLRQHG�WR�VXSSO\ �DLU�RI�
�� � �ƒ&��� � � ���7KHQ�ILUVW�WKH�DLU�LV�FRROHG�DW�WKH�HYDSRUDWRU�FRLO�WLOO�GHZSRLQW��YHUWLFDO�OLQH�GRZQ�
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IURP�SRLQW�� �LQ�) LJ��� ���6XEVHTXHQWO\ �FRROLQJ��DQG�WKXV�GHKXPLGLILFDWLRQ��SURFHHGV��DVNHZ�OLQH�
WRZDUGV�SRLQW�� ��WLOO�DLU�OHDYHV�WKH�HYDSRUDWRU�FRLO��,Q�WKDW�SURFHVV�WKH�DEVROXWH�KXPLGLW\ �RI�WKH�DLU�
LV�UHGXFHG�IURP�� �� �WR�� �� �J� NJ��KRUL] RQWDO�D[ LV�DW�WKH�WRS�RI�) LJ��� ���) LQDOO\ �WKH�GHKXPLGLILHG�DLU�
LV�UHKHDWHG�WR�� � �ƒ&��IURP�SRLQW�� �WR�� �LQ�) LJ��� ���EHIRUH�VXSSO\ LQJ�LW�WR�WKH�FDUJR�KROG��

�

�
Fig. 8, Mollier  diagram for  humid air  with dehumidification cycle depicted (1 -> 2 -> 3). 

%\ �VHWWLQJ�DQ�5+ �VHWSRLQW�GHKXPLGLILFDWLRQ�LV�VZLWFKHG�RQ�WR�FRQGHQVH�RU�IUHH] H�DGGLWLRQDO�
PRLVWXUH�RQ�WKH�HYDSRUDWRU�FRLO�DQG�UHPRYH�LW�GXULQJ�GHIURVWV��&RQWURO�RI�5+ �LV�XVXDOO\ �GRQH�
DFFRUGLQJ�WR�WKH�IROORZLQJ�ORJLFV��

,I��� ��VXSSO\ �DLU�WHPSHUDWXUH�LV�OHVV�WKDQ�� �� � �ƒ&�DERYH�WHPSHUDWXUH�VHWSRLQW��DQG��� ��
5+ �LV�DERYH�5+ �VHWSRLQW��WKHQ��
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) LJ��� �GHSLFWV�WKH�5+ �VHWWLQJ�SURFHGXUH�IRU�' DLNLQ�UHHIHU�XQLWV�ZLWK�D�GHKXPLGLILFDWLRQ�RSWLRQ��
) RU�&DUULHU�DQG�7KHUPR�. LQJ�WKH�SURFHGXUH�LV�YHU\ �VLPLODU��,I�5+ �FRQWURO�LV�UHTXLUHG��5+ �
VHWSRLQW�DQG�IDQ�VSHHG�VKRXOG�EH�VSHFLILHG��) RU�7KHUPR�. LQJ�DQG�&DUULHU�IDQ�VSHHG�LV�XVHU�
VHOHFWDEOH�RQO\ �ZKHQ�EXOE�PRGH�LV�
2 1 
��1 RWH�WKDW�D�VSHFLILHG�5+ �VHWSRLQW�PD\ �QRW�EH�
DFKLHYDEOH��2 IWHQ�WKHUH�LV�D�KHDWLQJ�FDSDFLW\ �VKRUWDJH�IRU�GHKXPLGLILFDWLRQ�ZKLFK�PD\ �EH�
�SDUWLDOO\ ��EDODQFHG�E\ �UHGXFLQJ�IDQ�VSHHG��7KH�ORZHU�WKH�IDQ�VSHHG�WKH�ORZHU�WKH�5+ �WKDW�PLJKW�
EH�UHDFKHG��DW�WKH�H[ SHQVH�RI�LQFUHDVHG�WHPSHUDWXUH�VSUHDG�LQ�WKH�FRQWDLQHU����

�
Fig. 9, dehumidification setting flow-diagram (Daikin). 

6RPH�VKLSSLQJ�OLQHV�VHHP�WR�RSHUDWH�' DLNLQ�UHHIHU�XQLWV�ZKHUH�5+ �KDV�D�VHWSRLQW�UDQJH�� � �a �
� � � ��,W�LV�LQFUHGLEOH�WKDW�� � � �PD\ �HYHU�EH�UHDFKHG��EXW�VHWWLQJ�5+ �DW�� � � �JXDUDQWHHV�WKDW�
GHKXPLGLILFDWLRQ�LV�DFWLYH�DW�PD[ ��FDSDFLW\ �DV�PXFK�DV�SRVVLEOH��7KLV�PD\ �EH�DWWUDFWLYH�WR�VKLSSHUV�
ZKR�MXVW�ZDQW�WR�VKLS�WKHLU�EXOEV�
DV�GU\ �DV�SRVVLEOH
��

7KH�´UHHIHU�VHWWLQJV�VXSSRUW�WRROµ��SXEOLVKHG�DORQJ�ZLWK�WKLV�PDQXDO��FDQ�EH�XVHG�WR�FKHFN�LI�
WKHUH�LV�VXIILFLHQW�KHDWLQJ�FDSDFLW\ ��7KH�XQGHUO\ LQJ�HQWKDOS\ �FRQWHQW�FDOFXODWLRQV�DUH�GHVFULEHG�LQ�
DSSHQGL[ �,��S��� � ���7KH�KHDWLQJ�FDSDFLW\ �VKRXOG�EH�VXIILFLHQW�WR�EULQJ�DLU�OHDYLQJ�WKH�HYDSRUDWRU�
FRLO��) LJ��� ��WR�WKH�GHVLUHG�VXSSO\ �DLU��7 ����� ���	� 
�� ��5+ ����� ���	� 
�� ���L�H��WR�PRYH�IURP�� �WR�� �LQ�) LJ��� ��

�  %XOE�P RGH��GHIURVW�WHUP LQDWLRQ�WHP SHUDWXUH��
4 XLWH�VRPH�UHHIHUV�KDYH�WKH�EXOE�PRGH�RSWLRQ��LVVXH�QR��� �LQ�7DEOH�� ���DOO�7KHUPR�. LQJ�XQLWV��DOO�
32 1 8 �UHHIHUV��DQG�VRPH�PRUH��5HHIHU�XQLWV�ZLWK�EXOE�PRGH�KDYH�WKH�VDPH�KDUGZDUH�DV�RWKHUV��
WKH�VROH�GLIIHUHQFH�LV�LQ�FRQWUROOHU�VRIWZDUH��) LJ��� � �VKRZV�WKH�EXOE�PRGH�VHWWLQJ�IORZ�GLDJUDP�
IRU�' DLNLQ�XQLWV��) RU�&DUULHU�DQG�7KHUPR�. LQJ�LW�LV�QRW�UHDOO\ �GLIIHUHQW��7KH�VKLSSHU�PD\ �VSHFLI\ �
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RQ� RII
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JDLQV�DFFHVV�WR�WZR�QHZ�VHWWLQJV��

� � IDQ�VSHHG��DOWHUQDWLQJ��KLJK�RU�ORZ���
� � GHIURVW�WHUPLQDWLRQ�WHPSHUDWXUH��

&KDSWHU�� �� �DQG�� �� �HDFK�GLVFXVV�RQH�RI�WKH�DERYH�WZR�VHWWLQJV��
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�
Fig. 10, Bulb mode setting flow-diagram (Daikin). 

� ��  ) DQ�VSHHG�
: KHQ�D�VKLSSHU�VSHFLILHV�IDQ�VSHHG��KH�FRPSURPLVHV�EHWZHHQ�UHODWLYH�KXPLGLW\ �DQG�WHPSHUDWXUH�
VSUHDG��6HH�7DEOH�� �IRU�VRPH�UXOHV�RI�WKXPE�RQ�KRZ�WR�FRPSURPLVH��5HJDUGOHVV�RI�IDQ�VHWWLQJV��
VXSSO\ �DLU�WHPSHUDWXUH�ZLOO�EH�QHDWO\ �FRQWUROOHG�WR�WKH�VHW�WHPSHUDWXUH��/ RZ�IDQ�VSHHG�VDYHV�
HQHUJ\ ��DQG�LV�WKHUHIRUH�DWWUDFWLYH�IRU�FDUULHUV���PLJKW�LQFUHDVH�WHPSHUDWXUH�VSUHDG�LQ�WKH�FDUJR��
DQG�GRHV�LQFUHDVH�GHKXPLGLILFDWLRQ�FDSDFLW\ ��0 RUHRYHU�ORZ�IDQ�VSHHG�UHGXFHV�WKH�IUHVK�DLU�
H[ FKDQJH��P

�

� K��E\ �� � � �DV�FRPSDUHG�WR�KLJK�VSHHG��

Table 4, some rules of thumb for  setting fan speed and fresh air  vents in bulb mode. 

VLWXDWLRQ� IDQ�VSHHG� YHQW�VHWWLQJ��P
�

� K� �
�PD[ ��GHKXP��FDS��UHTXLUHG��DQG��FDUJR�WHPSHUDWXUH�VSUHDG�
RI�� �� �ƒ&�LV�DFFHSWDEOH��DQG��OHVV�WKDQ�� � � �P

�

� K�IUHVK�DLU�
UHTXLUHG��

OR� � � � � �RI�DFWXDOO\ �
UHTXLUHG�P

�

� K�

^�PD[ ��DOORZHG�FDUJR�WHPSHUDWXUH�VSUHDG�LV�� �� �ƒ&��RU�
�PRUH�WKDQ�� � � �P

�

� K�IUHVK�DLU�UHTXLUHG�` �DQG��5+ �KLJKHU�
WKDQ�5+ �VHWSRLQW�LV�DFFHSWDEOH���

KL� DFWXDOO\ �UHTXLUHG�P
�

� K�

2 WKHU�VLWXDWLRQV� DOW� � � � � �RI�DFWXDOO\ �
UHTXLUHG�P

�

� K�

GHKXPLGLILFDWLRQ�
�RQ� RII��

RQ�

5+ �VHWSRLQW�
�� � �a �� � � ��

IDQ�VSHHG�
�+ �/ �>GHIDXOW@��+ ��/ ��

ILQLVKHG�

EXOE�PRGH�
�RQ� RII��

RII�

RQ�

ILQLVKHG�

GHIURVW�WHUPLQDWLRQ�WHPSHUDWXUH�
�� � �� �a �� � � �� �ƒ&�# �5$6��
GHIDXOW�� � �ƒ&���

RII�RII�
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� ��  ' HIURVW�WHUP LQDWLRQ�WHP SHUDWXUH�
' HIURVW�DFWLRQV�DUH�WHUPLQDWHG�ZKHQ�WKH�PHDVXUHG�WHPSHUDWXUH�UHDFKHV�WKH�GHIURVW�WHUPLQDWLRQ�
WHPSHUDWXUH��' 77���,Q�EXOE�PRGH�WKH�' 77�PD\ �RQO\ �EH�UHGXFHG�DV�FRPSDUHG�WR�LWV�GHIDXOW�YDOXH�
ZKHQ�EXOE�PRGH�LV�
RII
��) RU�7KHUPR�. LQJ�DQG�&DUULHU�WKH�' 77�LV�FRPSDUHG�WR�WKH�
PHDVXUHPHQW�RI�WKH�HYDSRUDWRU�FRLO�WHPSHUDWXUH��ERWK�ZKHQ�EXOE�PRGH�LV�RQ�DQG�RII��) RU�' DLNLQ�
' 77�LV�FRPSDUHG�WR�HYDS��FRLO�WHPS��ZKHQ�EXOE�PRGH�LV�RII��EXW�WR�UHWXUQ�DLU�VHQVRU�ZKHQ�EXOE�
PRGH�LV�RQ���

/ RZHU�GHIURVW�WHUPLQDWLRQ�VHWWLQJV�ZLOO�UHVXOW�LQ�OHVV�ZDUPLQJ�RI�WKH�FDUJR�GXULQJ�GHIURVWV��EXW�
LW�DOVR LQFUHDVHV�WKH�ULVN�RI�LFH�UHPDLQLQJ�RQ�WKH�HYDSRUDWRU�FRLO�DIWHU�D�GHIURVW��,I�LFH�UHPDLQV�RQ�D�
FRLO�DIWHU�GHIURVWV�WKHQ�WKH��XQPHDVXUHG���ZLGWKZLVH�VXSSO\ �DLU�WHPSHUDWXUH�GLVWULEXWLRQ�PD\ �
LQFUHDVH�XQQRWLFHG��´ : K\ �ZRXOG�IORZHU�EXOEV�UHTXLUH�D�GLIIHUHQW�GHIURVWLQJ�FRQWURO�WKDQ�RWKHU�
WHPSHUDWXUH�FULWLFDO�FDUJRV"µ�LV�D�YDOLG�TXHVWLRQ���

,Q�SUHSDULQJ�WKLV�GRFXPHQW�WKH�DXWKRUV�PHW�VHYHUDO�SUDFWLWLRQHUV�ZKR�FRXOG�WHOO�DERXW�FXUUHQW�
SUDFWLFH�DQG�XVXDO�' 77�VHWWLQJV�LQ�EXOE�PRGH��VRPH�PHQWLRQHG�� � �� �ƒ&��VRPH�� � �� �ƒ&�DV�XVXDO�
' 77�VHWWLQJ��1 RQH�RI�WKHP�ZDV�DZDUH�RI�D�VRXQG�EDVLV�IRU�WKRVH�VHWWLQJV��

�  5 HHIHU�XQLW�VHWWLQJV�SHU�P DQXIDFWXUHU�VSHFLILFDOO\ ��
Table 5, possible unit settings and their  ranges (Daikin) 

VHWWLQJ� ' DLNLQ�/ ; ( � � ( �[ [ [ �
WHPSHUDWXUH� ���� � �� �a �� � � �� �ƒ&�
YHQWV� � �a �� � � �Pò� K�# �� � �+ ] �
GHIURVW�LQWHUYDO� � ��� ��� ��� � ��� � �K�
GHKXPLGLILFDWLRQ� RQ� RII�>GHIDXOW@�
5+ � � � ��VRPH�VKLSSLQJ�OLQHV�� � ��a �� � � �
LI��GHKXP�
RQ
��WKHQ��

·  IDQ�VSHHG�
·  HYDS��FRLO�

�
·  DOW�>GHIDXOW@��KL��OR�
·  KRW�JDV�LQ�UHKHDW�FRLO�

LI��EXOE�PRGH�
RQ
��WKHQ��
·  5+ �VHWS��UDQJH�
·  IDQ�VSHHG�
·  GHIURVW�WHUPLQDWLRQ�

WHPSHUDWXUH�

�
·  � � ��VRPH�VKLSSLQJ�OLQHV�� � ��a �� � � �RU�2 ) ) �
·  DOW�>GHIDXOW@��KL��OR�
·  � � �� �a �� � � �� �ƒ&�# �5HWXUQ�$LU�6HQVRU�

�5$6���GHIDXOW��LQ�EXOE�PRGH��� � �ƒ&
�

�
) RU�' DLNLQ�EXOE�PRGH�LV�SUHVHQW�RQ�32 1 8 �UHHIHUV�RQO\ ��
�

�������������������������������������������������
�

�,I�EXOE�PRGH�
RII
�WKHQ�GHIURVW�WHUPLQDWLRQ�WHPSHUDWXUH�LV�� � � �ƒ&�# �( YDSRUDWRU�2XWOHW�SLSH�WHPSHUDWXUH�6HQVRU�
�( 26��
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Table 6, possible unit settings and their  ranges (Thermo K ing) 

VHWWLQJ� &5 5 � � � &65 � � � 0 DJQXP �
WHPSHUDWXUH� �� � �� �a �� �� � �� �ƒ&� �� � �� �a �� �� � �� �ƒ&�� ��� � �� �a �� � � �� �ƒ&�
YHQWV� � �a �� � � �P

�

� K�# �� � �+ ] � � �a �� � � �P

�

� K�# �� � �+ ] � � �a �� � � �P

�

� K�# �� � �+ ] �
GHIURVW�LQWHUYDO� $8 72 ��»�� �� �a �� �K

�

�LI�( &6� � � � �ƒ&��QR�
GHIURVWV�LI�( &6! � � � �ƒ&��

$8 72 ��»�� �� �a �� �K�LI�( &6� � � � �ƒ&��QR�
GHIURVWV�LI�( &6! � � � �ƒ&��

$8 72 ��»�� �� �a �� �K�LI�( &6� � � � �ƒ&��
QR�GHIURVWV�LI�( &6! � � � �ƒ&���

5+ ��GHKXPLGLILFDWLRQ�� � � �a �� � � �RU�2 ) ) � � � �a �� � � �RU�2 ) ) � � � �a �� � � �RU�2 ) ) �
LI��GHKXP�
RQ
��WKHQ��

·  IDQ�VSHHG�
·  HYDS��FRLO�

�
·  + ,��HFRQRP\ �PRGH�/ 2 ��
·  � � � �RI�DUHD�LV�VKXW�RII�

�
·  + ,��HFRQRP\ �PRGH�/ 2 ��
·  � � � �RI�DUHD�LV�VKXW�RII�

�
·  + ,��HFRQRP\ �PRGH�/ 2 ��
·  1 R�DUHD�VKXW�RII�

LI��EXOE�PRGH�
RQ
��WKHQ��
·  5+ �VHWS��UDQJH�
·  IDQ�VSHHG�
·  GHIURVW�WHUPLQDWLRQ�

WHPSHUDWXUH�

�
·  � � �a �� � � �RU�2 ) ) �
·  DOW

�

��KL��OR�
·  � �� �� �a �� � � �� �>GHIDXOW@�ƒ&�# �( &6

�

�

�
·  � � �a �� � � �RU�2 ) ) �
·  DOW��KL��OR�
·  � �� �� �a �� � � �� �>GHIDXOW@�ƒ&�# �( &6�

�
·  � � �a �� � � �RU�2 ) ) �
·  DOW��KL��OR�
·  � �� �� �a �� � � �� �>GHIDXOW@�ƒ&�# �

( &6�
KHDWHU�RSHUDWLRQ

�

� HOHFWULF��KHDWLQJ�ZKHQ�5$6� �7 ��

�
� � � �� �

ƒ&��
HOHFWULF��KHDWLQJ�ZKHQ�5$6� �7 ��

�
� � � �� �

ƒ&��
HOHFWULF��7�FRQWURO�UDQJH"�

) RU�7KHUPR�. LQJ�&55� � �DQG�&65� � �XQLWV�GHIURVW�WHUPLQDWHV�ZKHQ�( &6�UHDFKHV�� � � �ƒ&�LQ�IUR] HQ�PRGH��7 ��

�
� � ��� � �ƒ&���RU�� � � �ƒ&�LQ�SHULVKDEOH�PRGH�

�7 ��

�
� ³ ��� � �ƒ&���) RU�0 DJQXP�XQLWV�WKLV�LV�� � � �ƒ&�UHJDUGOHVV�RI�WKH�PRGH��

%XOE�PRGH�LV�VWDQGDUG�RQ�DOO�7KHUPR�. LQJ�XQLWV��

�������������������������������������������������

�

�FRPSUHVVRU�RSHUDWLRQ�KRXUV�LQVWHDG�RI�ZDOO�FORFN�KRXUV�

	

�7KHUPR�. LQJ�0 DJQXP�PDQXDO�QDPHV�
F\FOH
�LQVWHDG�RI�
DOW
��EXW�PHDQLQJ�LV�H[ DFWO\�WKH�VDPH��




�( &6� �( YDSRUDWRU�&RLO�6HQVRU��YHU\�VLPLODU�WR�&DUULHU
V�' HIURVW�7HUPLQDWLRQ�6HQVRU�

�

�HVS��RI�LQWHUHVW�ZKHQ�OLO\�EXOEV�DUH�VKLSSHG�WR�UHJLRQV�ZKHUH�VKDUS�IURVW�PD\�RFFXU��H�J��1 RUWK�( DVW�UHJLRQ�RI�8 6�GXULQJ�' HF��) HEU���
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Table 7, possible unit settings and their  ranges (Carr ier  69NT40-xxx-xxx) 

VHWWLQJ� � � 1 7 � � � � � � � [ [ [ � � � 1 7 � � � � � � � [ [ [ � � � 1 7 � � � � � � � [ [ [ � � � 1 7 � � � � � � � [ [ [ �
WHPSHUDWXUH� ��� � �� �a �� � � �� �ƒ&� ��� � �� �a �� � � �� �ƒ&� ��� � �� �a �� � � �� �ƒ&� ��� � �� �a �� � � �� �ƒ&�
YHQWV� � �a �� � � �P

�

� K� � �a �� � � �P

�

� K� � �a �� � � �P

�

� K� � �a �� � � �P

�

� K�
GHIURVW�LQWHUYDO� � ��� ��� ��� � �>GHIDXOW@��� � �K

�

��
$8 72

�

�RU�2 ) ) �
� ��� ��� ��� � �>GHIDXOW@��� � �K�RU�
2 ) ) �

� ��� ��� ��� � �>GHIDXOW@��� � �K��
$8 72 �RU�2 ) ) ��DYDLODEOH�RQ�
VRPH�XQLWV��

� ��� ��� ��� � ��� � �K��$8 72 �
>GHIDXOW@�RU�2 ) ) ��DYDLODEOH�RQ�
VRPH�XQLWV���

5+ ��GHKXPLGLILFDWLRQ�� � � �a �� � � �RU�2 ) ) � � � �a �� � � �RU�2 ) ) � � � �a �� � � �RU�2 ) ) � � � �a �� � � �RU�2 ) ) �
LI��GHKXP�
RQ
��WKHQ��

·  IDQ�VSHHG�
�
1 R�VHWWLQJ��2 SHUDWLRQ��LI�
5+ ! 5+ ��

�
� �
DOW
�HOVH�
KLJK
�

�
1 R�VHWWLQJ��2 SHUDWLRQ��LI�
5+ ! 5+ ��

�
� �
DOW
�HOVH�
KLJK
�

�
1 R�VHWWLQJ��2 SHUDWLRQ��LI�
5+ ! 5+ ��

�
� �
DOW
�HOVH�
KLJK
�

�
1 R�VHWWLQJ��2 SHUDWLRQ��LI�
5+ ! 5+ ��

�
� �
DOW
�HOVH�
KLJK
�

LI��EXOE�PRGH�
RQ
��WKHQ��
·  5+ �VHWS��UDQJH�
·  IDQ�VSHHG�
·  GHIURVW�WHUPLQDWLRQ�

WHPSHUDWXUH�

�
·  � � �a �� � � �
·  DOW�>GHIDXOW@��KL��OR�
·  � �� �� �a �� � � ��

�

�
>GHIDXOW@�ƒ&�# �' 76

�

�

�
·  � � �a �� � � �
·  DOW�>GHIDXOW@��KL��OR�
·  � �� �� �a �� � � �� �>GHIDXOW@�

ƒ&�# �' 76�

�
·  � � �a �� � � �
·  DOW�>GHIDXOW@��KL��OR�
·  � �� �� �a �� � � �� �>GHIDXOW@�

ƒ&�# �' 76�

�
·  � � �a �� � � �
·  DOW�>GHIDXOW@��KL��OR�
·  � �� �� �a �� � � �� �>GHIDXOW@�

ƒ&�# �' 76�
KHDWHU�RSHUDWLRQ� HOHFWULF��VWDUWV�# �7 ��

�
� �² �� �� �

ƒ&��VWRSV�# �7 � �

�
� �² �� �� �ƒ&��

HOHFWULF��VWDUWV�# �7 ��

�
� �² �� �� �

ƒ&��VWRSV�# �7 ��

�
� �² �� �� �ƒ&��

HOHFWULF��VWDUWV�# �7 ��

�
� �² �� �� �

ƒ&��VWRSV�# �7 ��

�
� �² �� �� �ƒ&��

HOHFWULF��VWDUWV�# �7 ��

�
� �² �� �� �

ƒ&��VWRSV�# �7 ��

�
� �² �� �� �ƒ&��

( FRQRP\ �PRGH�2 1 �PHDQV��LI�^�7 �

�

�

�

�� � �7 �

�
� �

�
� � � �� �ƒ&��	 ���7 ��

�
� � � �� � �ƒ&��� �7 �

�
� �

�
� �� ��7 � �

�
� � � �� � �ƒ&��` �WKHQ�
IDQV�ORZ
�HOVH�
IDQV�KLJK
��

) RU�&DUULHU�XQLWV�EXOE�PRGH�LV�DQ�RSWLRQ�SUHVHQW�RQ�XQLWV�RI�VRPH�VKLSSLQJ�OLQHV�RQO\ ���

�������������������������������������������������

	

�FRPSUHVVRU�UXQWLPH�KRXUV�LQVWHDG�RI�ZDOO�FORFN�KRXUV�




�&DUULHU
V�DXWR�GHIURVW�DXWRPDWLFDOO\�DGMXVWV�WKH�GHIURVW�LQWHUYDO�LQ�WKH�UDQJH�EHWZHHQ�� �DQG�� � �K��ZLWK�WKH�REMHFWLYH�WR�DOZD\V�UHPRYH�D�
IXOO�LFH�ORDG
�IURP�WKH�HYDS��FRLO��

�

�,Q�DOO�&DUULHU�XQLWV�WKH�GHIDXOW�' 77�� � � �� �ƒ&�PD\�EH�IDFWRU\�VHW�DW�� � � �� �ƒ&���

�

�&DUULHU�XVHV�D�' HIURVW�7HPSHUDWXUH�6HQVRU��PRXQWHG�RQ�WKH�HYDS��FRLO�DQG�PHDQW�WR�PHDVXUH�WKH�HYDS��FRLO�WHPSHUDWXUH��7KLV�VHQVRU�LV�XVHG�IRU�GHIURVW�WHUPLQDWLRQ��UHJDUGOHVV�RI�EXOE�PRGH�RQ� RII���
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�  $SSHQGL[ �, ��HQWKDOS\ �FRQWHQW�FDOFXODWLRQ�IRU�GHKXP ��FDSDFLW\ ��
7KH�KHDWLQJ�FDSDFLW\ �RI�D�UHHIHU�XQLW�PD\ �EH�LQVXIILFLHQW�WR�UHDFK�WKH�GHVLUHG�5+ �VHWSRLQW��7KLV�LV�
FDQ�EH�FKHFNHG��XVLQJ�HQWKDOS\ �FRQWHQW�FDOFXODWLRQV��7KH�HQWKDOS\ �FRQWHQW�RI�KXPLG�DLU�LV�JLYHQ�
E\ �

1000/)*1000/18402490(*1* TXTH ++= � �� ��

ZLWK��
� 7� ��GU\ �EXOE��WHPSHUDWXUH�RI�DLU�>ƒ&@�
� ; � �DEVROXWH�KXPLGLW\ �RI�DLU�>J� NJ@�
�
6RPH�W\ SLFDO�YDOXHV�LQ�UHHIHU�WUDQVSRUW�DUH��
7 �����������
	 �
��������� � �� � � �ƒ&�
7 ������������������� � �� � � �ƒ&�
; ����� � �� � �J� NJ�
7 � ��� ��� � � �7 �
��� ����� ��� �� �� �ƒ&��
IORZ � ����� � 	 ��� � ��� � �� � �P

�

� K�
IORZ � � � ����	 ��� � ��� � �� � � � �P

�

� K��IDQV�KLJK�VSHHG��� � + ] ��

2.1**1000sup
ncirculatio

produce
plyreturn flow

W
XX += >J� NJ@�

: !#" $ %�&(' ) �LQ�>NJ� K@�
3 � �+* � � ,��+� ��� � ��� � �� � �N: � �UHIULJHUDWLRQ�FDSDFLW\ �# � � � � � � ��� � + ] �
3 -������ � ��, � �� �N: � �KHDWLQJ�FDSDFLW\ �# �� � + ] �
�
6WHSV��
� � &DOFXODWH�HQWKDOS\ �FRQWHQW�+ ����� �RI�WKH�DPELHQW��YHQWLODWLRQ��DLU��XVLQJ�HTQ��� ��
� � &DOFXODWH�HQWKDOS\ �FRQWHQW�+ � ��� ��� � �RI�WKH�UHWXUQ�DLU��XVLQJ�HTQ��� ��
� � &DOFXODWH�HQWKDOS\ �FRQWHQW�+ . �RI�SRLQW�� ��PL[ WXUH�RI�UHWXUQ�DLU�DQG�YHQWLODWLRQ�DLU��XVLQJ�WKH�

UDWLRQ�EHWZHHQ�YHQWLODWLRQ�DQG�FLUFXODWLRQ��
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� return
nventilationcirculatio

ncirculatio
amb

nventilationcirculatio
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flowflow

flow
H

flowflow
flow

H **1 +
+

+
= � >N-� NJ@������ ��

�
� � &DOFXODWH�HQWKDOS\ �FRQWHQW�+ � �RI�SRLQW�� ��7 �/��� ����� ��� ��5+ �/��� ����� ��� ���
� � 5HDG�GHZSRLQW�WHPSHUDWXUH�RI�VHWSRLQW�IURP�0 ROOLHU�GLDJUDP�RU�PRLVW�DLU�WDEOH�DQG�

FDOFXODWH�HQWKDOS\ �FRQWHQW�+ 0 �RI�SRLQW�� ��GHZSRLQW�WHPSHUDWXUH�RI�7 �/��� ����� ��� ���
� � ( QWKDOS\ �UHGXFWLRQ�UHTXLUHG�E\ �UHIULJHUDWLRQ��G+ � �+* � � ,���� ��� � ����� � ��1���� � ��� � �+ . �² �+ 0 ��
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Fig. 11, defrost interval decision tree. 
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Fig. 12, example of recommended defrost interval as a function of ventilation rate for  a specific case. 
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