


Optimalisatie van de temperatuurconstantheid           
van een espressomachine 

Een onderzoek naar de beste manier om het water wat een espressomachine verlaat een zo constant 
mogelijke temperatuur te geven. 
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$OV�JHFHUWLÀFHHUG�EDULVWD�ELM�'RSSLR�(VSUHVVR�LQ�(QVFKHGH�ZHUN�LN�DO�RQJHYHHU�WZHH�MDDU�
PHW�GH�.HHV�YDQ�GHU�:HVWHQ�0LUDJH��,N�EHQ�DO�VLQGV�KHW�EHJLQ�IDQ�YDQ�GH�IXQFWLRQDOLWHLW�HQ�
KHW�GHVLJQ�YDQ�GH�PDFKLQH��7RHQ�LN�YRRU�,QGXVWULHHO�2QWZHUSHQ�HHQ�%DFKHORU�(LQGRSGUDFKW�
PRHVW�]RHNHQ�KHE�LN�GH�VWRXWH�VFKRHQHQ�DDQJHGDDQ�HQ�KHE�LN�.HHV�YDQ�GHU�:HVWHQ�HHQ�HPDLO�
JHVWXXUG��7RW�PLMQ�JURWH�YUHXJGH�ZHUG�KLHURS�SRVLWLHI�JHDQWZRRUG�HQ�QD�HHQ�JHVSUHN�LQ�:DDOUH�
KDGGHQ�ZH�EHVORWHQ�RP�GH�XLWGDJLQJ�DDQ�WH�JDDQ�

1X�UXLP�HHQ�KDOI�MDDU�ODWHU�OLJW�GLW�YHUVODJ�HU��+HODDV�VWDDW�HU�ODQJ�QLHW�DOOHV�LQ�ZDW�LN�JHOHHUG��
RQWGHNW�HQ�XLWJHYRQGHQ�KHE�WLMGHQV�PLMQ�YLMI�PDDQGHQ�LQ�:DDOUH��PDDU�LN�KRRS�GDW�LN�GH�
HVVHQWLH�YDQ�DOOHV�WRFK�KHE�NXQQHQ�VDPHQYDWWHQ�LQ�GLW�YHUVODJ�

,N�ZLO�ELM�GH]H�GH�PRJHOLMNKHLG�SDNNHQ�RP�HHQ�DDQWDO�PHQVHQ�WH�EHGDQNHQ��$OOHUHHUVW�QDWXXUOLMN�
.HHV�YDQ�GHU�:HVWHQ�]HOI��+LM�KHHIW�PLM�GH�PRJHOLMNKHLG�JHJHYHQ�RP�LQ�]LMQ�EHGULMI�URQG�WH�
ORSHQ��PLM�]LMQ�NHQQLV�HQ�GH�NHQQLV�YDQ�]LMQ�SHUVRQHHO�ODWHQ�DEVRUEHUHQ�HQ�PLM�ELQQHQ�JHODWHQ�LQ�
GH�ZHUHOG�YDQ�GH�HVSUHVVRPDFKLQHV��2S�GH�WZHHGH�SODDWV�ZLO�LN�JUDDJ�KHW�SHUVRQHHO�YDQ�.HHV�
YDQ�GHU�:HVWHQ�(VSUHVVRQLVWLF�:RUNV�%9�EHGDQNHQ��=RQGHU�KHQ�KDG�GLW�YHUVODJ�HU�]HNHU�QLHW�
JHOHJHQ��+HUHQ�HQ�GDPHV��EHGDQNW�YRRU�GH�NHQQLV��GH�WLSV�HQ�GH�KXPRU�WLMGHQV�GH�OXQFK��HQ�
NRIÀH�SDX]HV�

9DQXLW�GH�8QLYHUVLWHLW�7ZHQWH�ZLO�LN�GU��,U��7RP�9DQHNHU�EHGDQNHQ�YRRU�GH�EHJHOHLGLQJ�WLMGHQV�GH�
RSGUDFKW�HQ�GH�IHHGEDFN�URQGHV�QD�GH�RSGUDFKW�

,N�KHE�GH]H�RSGUDFKW�PHW�YHHO�SOH]LHU�HQ�HQWKRXVLDVW�PH�JHGDDQ��HQ�KHE�RQJHORIHOLMN�YHHO�
JHOHHUG��,N�KRRS�GDW�LN�GDDU�RRN�PHHU�GDQ�JHQRHJ�YDQ�KHE�ODWHQ�GRRUOLFKWHQ�LQ�PLMQ�YHUVODJ��,N�
ZHQV�X�YHHO�SOH]LHU�PHW�OH]HQ�

7LPRWK\�7HRK

VOORWOORD
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'H�RSGUDFKW�ZDV�RP�GH�WHPSHUDWXXUFRQVWDQWKHLG�YDQ�GH�.HHV�YDQ�GHU�:HVWHQ�0LUDJH�WH�
RSWLPDOLVHUHQ��+LHUYRRU�LV�HHUVW�GH�PDFKLQH�JHERXZG��1DGDW�GH]H�LV�JHERXZG�LV�GH�ZHUNLQJ�
YDQ�DOOH�RQGHUGHOHQ�JURQGLJ�RQGHU]RFKW��+LHUQD�LV�HU�HHQ�QXOPHWLQJ�JHGDDQ�ZDDUXLW�QDDU�YRUHQ�
NZDP�GDW�GH�PHVVLQJ���ZHJ�NOHS�HQ�KHW�FURVVÁRZ�V\VWHHP�ZDW�YHUEHWHULQJ�NRQGHQ�JHEUXLNHQ�
 
(HUVW�LV�RQGHU]RFKW�KRH�GH���ZHJ�NOHS�KHW�EHVWH�YHUEHWHUG�NRQ�ZRUGHQ��+LHUYRRU�]LMQ�GULH�
FRQFHSWHQ�JHWHVW��HHQ�JHwVROHHUGH���ZHJ�NOHS��HHQ���ZHJ�NOHS�GLH�YHUERQGHQ�ZDV�PHW�KHW�
JURHSVKRRIG�HQ�HHQ�596���ZHJ�NOHS��8LWHLQGHOLMN�EOHNHQ�]RZHO�GH�YHUERQGHQ���ZHJ�NOHS�DOV�
GH�596���ZHJ�NOHS�KHW�SUREOHHP�RS�WH�ORVVHQ��(FKWHU�ZDV�GH�YHUERQGHQ���ZHJ�NOHS�HHQ�LHWV�
JURWHUH�YHUEHWHULQJ�HQ�RRN�ÀQDQFLHHO�DDQWUHNNHOLMN�

7RHQ�KHW�FURVVÁRZ�V\VWHHP�RQGHU]RFKW�PRHVW�ZRUGHQ�ZDV�EHVORWHQ�RP�VRZLHVR�HHQ�DDQWDO�
VFKDNHOV�XLW�KHW�V\VWHHP�ZHJ�WH�QHPHQ�HQ�YODN�YRRU�KHW�JURHSVKRRIG�HHQ�PL[EORN�WH�SODDWVHQ��
+HW�YRRUGHHO�YDQ�VFKDNHOV�ZHJQHPHQ�XLW�KHW�V\VWHHP�LV�GDW�HU�PLQGHU�RQGHUGHOHQ�]LMQ�GLH�
LQYORHG�RS�GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�NXQQHQ�XLWRHIHQHQ��+HW�PL[EORN�PHQJW�FRQVWDQW�
ZDUP�ZDWHU�ERYHQ�XLW�GH�ERLOHU��DOWLMG������&��PHW�KHW�NRXGH�ZDWHU�XLW�GH�NUDDQ��+HW�EOHHN�
QRJ�HHQ�EHKRRUOLMNH�NOXV�RP�KHW�NRXGH�ZDWHU�XLW�GH�NUDDQ�RRN�HFKW�FRQVWDQW�WH�NULMJHQ��'LW�
LV�XLWHLQGHOLMN�EHUHLNW�GRRU�HHQ�H[WHUQH�ERLOHU�DDQ�GH�PDFKLQH�DDQ�WH�VOXLWHQ�GLH�HHQ�LQWHUQ�
UHVHUYRLU�VLPXOHHUGH��'LW�UHVHUYRLU�]RX�KHW�ZDWHU�RSZDUPHQ�WRW�GH�RPJHYLQJVWHPSHUDWXXU�
YDQ�GH�PDFKLQH��GLW�LV�����&��1D�RQGHU]RHN�EOHHN�GDW�GLW�V\VWHHP�XLWVWHNHQG�ZHUNWH�HQ�VXSHU�
FRQVWDQWH�VKRWV�XLWJDI��6RPPLJH�VKRWV�KDGGHQ�PDDU�HHQ�WHPSHUDWXXU�ÁXFWXDWLH�YDQ������&��+HW�
ZDV�HFKWHU�HHQ�KHOH�NOXV�RP�KHW�ZDWHU�RRN�RS�GH�JHZHQVWH�WHPSHUDWXXU�WH�NULMJHQ��'DDURP�
ZDV�EHVORWHQ�RP�GH�H[WHUQH�ERLOHU�ZHO�WH�YHUZDUPHQ�HQ�WH�NLMNHQ�ZDW�GLW�RSOHYHUGH��'H]H�
PHHWUHVXOWDWHQ�NZDPHQ�QRJ�EHWHU�RYHUHHQ�PHW�GH�JHZHQVWH�ZDDUGHQ�

2PGDW�GH�JHYRQGHQ�RSORVVLQJ�HHQ�EHKRRUOLMNH�LQJUHHS�RS�GH�KXLGLJH�PDFKLQH�RSOHYHUGH�
ZDV�EHVORWHQ�RP�HHQ�JHKHHO�QLHXZH�PDFKLQH�WH�RQWZLNNHOHQ��+HODDV�ZDV�GLW�WHJHQ�KHW�HLQG�
YDQ�GH�RSGUDFKW��GXV�LV�DOOHHQ�HHQ�RQWZHUSDGYLHV�JHJHYHQ��+LHU�ZRUGW�JHDGYLVHHUG�RP�HHQ�
GXEEHO�ERLOHU�V\VWHHP�LQ�WH�ERXZHQ��ZDDUELM�GH�HHUVWH�ERLOHU�YRRU�KHW�WKHHZDWHU�HQ�KHW�
YRRUYHUZDUPHQ�YDQ�KHW�NRIÀHZDWHU�GLHQW�HQ�GH�WZHHGH�ERLOHU�YRRU�GH�MXLVWH�WHPSHUDWXXU�
YDQ�KHW�NRIÀHZDWHU�]RUJW��7RHQ�EHNHQG�ZDV�GDW�HU�HHQ�QLHXZH�PDFKLQH�]RX�NRPHQ�]LMQ�HU�HHQ�
DDQWDO�HLVHQ�DDQ�GH�PDFKLQH�JHVWHOG��=R�ZDV�KHW�HUJ�EHODQJULMN�GDW�GH�PDFKLQH�JRHGNRSHU�]RX�
ZRUGHQ�GDQ�GH�DQGHUH�PRGHOOHQ�YDQ�.HHV�YDQ�GHU�:HVWHQ��:HO�PRHVWHQ�GH�JHEUXLNHUV�YULM�
VWDDQ�RP�RSWLHV�WRH�WH�YRHJHQ��+LHUXLW�LV�HHQ�PRGXODLU�V\VWHHP�JHNRPHQ�GLH�LQ�KRRIGVWXN���
YHUGHU�XLWJHOHJG�ZRUGW�

NEDERLANDSE SAMENVATTING 
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7KH�DVVLJQPHQW�ZDV�WR�RSWLPL]H�WKH�WHPSHUDWXUH�FRQVLVWHQF\�RI�WKH�.HHV�YDQ�GHU�:HVWHQ�
0LUDJH��7KLV�PHDQW�WKDW�WKH�PDFKLQH�ÀUVW�KDG�WR�EH�EXLOW��$IWHU�LW�KDV�EHHQ�EXLOW��WKH�RSHUDWLRQ�
RI�DOO�FRPSRQHQWV�KDV�EHHQ�WKRURXJKO\�LQYHVWLJDWHG��$IWHU�WKLV�WKHUH�KDV�EHHQ�D�EDVHOLQH�
PHDVXUHPHQW�IURP�ZKLFK�LW�HPHUJHG�WKDW�WKH�EUDVV���ZD\�YDOYH�DQG�WKH�FURVV�ÁRZ�V\VWHP�
FRXOG�XVH�VRPH�H[WUD�DWWHQWLRQ�

)LUVW�WKHUH�KDV�EHHQ�H[DPLQHG�KRZ�WKH���ZD\�YDOYH�FRXOG�EH�LPSURYHG��7KUHH�FRQFHSWV�KDYH�
EHHQ�WHVWHG��DQ�LVRODWHG���ZD\�YDOYH��D���ZD\�YDOYH�WKDW�ZDV�DWWDFKHG�WR�WKH�JURXS�KHDG�DQG�D�
VWDLQOHVV�VWHHO���ZD\�YDOYH��%RWK�WKH�DWWDFKHG�DQG�WKH�VWDLQOHVV�VWHHO���ZD\�YDOYH�SURYHG�WR�EH�
DQ�LPSURYHPHQW�RQ�WKH�RULJLQDO�VLWXDWLRQ��+RZHYHU��WKH�DWWDFKHG�YDOYH�ZDV�D�VOLJKWO\�JUHDWHU�
LPSURYHPHQW�DQG�DOVR�ÀQDQFLDOO\�PRUH�DWWUDFWLYH�

:KHQ�WKH�FURVV�ÁRZ�V\VWHP�KDG�WR�EH�H[DPLQHG�WKHUH�KDG�EHHQ�GHFLGHG�WR�UHPRYH�VRPH�
OLQNV�LQ�WKH�V\VWHP�DQG�WR�DGG�D�PL[LQJ�EORFN�MXVW�EHIRUH�WKH�JURXS�KHDG��7KH�DGYDQWDJH�RI�
UHPRYH�VRPH�OLQNV�LV�WKDW�WKH�V\VWHP�KDV�IHZHU�SDUWV�WKDW�FDQ�LQÁXHQFH�WKH�ZDWHU�WHPSHUDWXUH��
7KH�PL[LQJ�EORFN�PL[HV�FRQVWDQW�KRW�ZDWHU�RXW�RI�WKH�WRS�RI�WKH�ERLOHU��DOZD\V������&��ZLWK�
FROG�ZDWHU�IURP�WKH�WDS��,W�WXUQHG�RXW�WR�EH�TXLWH�D�MRE�WR�DFWXDOO\�JHW�D�FRQVLVWHQW�FROG�ZDWHU�
WHPSHUDWXUH��7KLV�ZDV�ÀQDOO\�DFKLHYHG�E\�FRQQHFWLRQ�DQ�H[WHUQDO�ERLOHU�WKDW�VLPXODWHV�DQ�
LQWHUQDO�ZDWHU�UHVHUYRLU��7KH�ZDWHU�LQ�WKH�UHVHUYRLU�ZRXOG�ZDUP�WR�WKH�DPELHQW�WHPSHUDWXUH�
RI�WKH�PDFKLQH��ZKLFK�LV�����&��5HVHDUFK�VKRZHG�WKDW�WKLV�V\VWHP�ZRUNHG�YHU\�ZHOO�DQG�
GLVSHQVHG�VXSHU�VWHDG\�VKRWV��6RPH�VKRWV�RQO\�KDG�D�WHPSHUDWXUH�ÁXFWXDWLRQ�RI������&��
+RZHYHU��LW�ZDV�TXLWH�D�WDVN�WR�JHW�WKH�ZDWHU�DW�WKH�GHVLUHG�WHPSHUDWXUH��7KHUHIRUH�LW�ZDV�
GHFLGHG�WR�KHDW�WKH�H[WHUQDO�ERLOHU�WR�VHH�LI�WKLV�ZDV�DQ�HDVLHU�ZD\�WR�JHW�WKH�GHVLUHG�UHVXOW��
7KH�PHDVXUHG�UHVXOWV�ZHUH�DQ�HYHQ�EHWWHU�LPSURYHPHQW�

%HFDXVH�WKH�IRXQG�VROXWLRQ�UHVXOWHG�LQ�D�ORW�RI�DGMXVWPHQWV�RQ�WKH�RULJLQDO�PDFKLQH��LW�ZDV�
GHFLGHG�WR�GHYHORS�D�FRPSOHWHO\�QHZ�PDFKLQH��8QIRUWXQDWHO\��WKLV�ZDV�DW�WKH�HQG�RI�WKH�
DVVLJQPHQW��VR�RQO\�D�GUDIW�FRXOG�EH�JLYHQ��+HUH�LV�DGYLVHG�WR�EXLOG�D�GRXEOH�ERLOHU�V\VWHP��
ZKHUH�WKH�ÀUVW�ERLOHU�ZLOO�EH�XVHG�IRU�WHD�ZDWHU��VWHDP�DQG�SUHKHDWLQJ�WKH�ZDWHU�IRU�WKH�
VHFRQG�ERLOHU��7KH�VHFRQG�ERLOHU�ZLOO�EH�WKH�FRIIHH�ERLOHU�DQG�ZDUP�XS�WKH�ZDWHU�WR�WKH�
GHVLUHG�WHPSHUDWXUH��:KHQ�LW�ZDV�NQRZQ�WKDW�WKHUH�ZRXOG�EH�D�QHZ�PDFKLQH��.HHV�YDQ�GHU�
:HVWHQ�KDG�VRPH�UHTXLUHPHQWV�IRU�WKLV�PDFKLQH��,W�ZDV�YHU\�LPSRUWDQW�WKDW�WKH�PDFKLQH�
ZRXOG�EH�FKHDSHU�WKDW�WKH�RWKHU�PRGHOV�IURP�.HHV�YDQ�GHU�:HVWHQ��+RZHYHU��WKH�FOLHQW�VKRXOG�
EH�DEOH�WR�EH�IUHH�LQ�DGGLQJ�RSWLRQV��$�PRGXODU�V\VWHP�KDV�EHHQ�GUDIWHG�RXW�RI�WKLV��WKLV�FDQ�EH�
IRXQG�LQ�FKDSWHU���

ENGLISH SUMMARY
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'LW�LV�KHW�HLQGYHUVODJ�YRRU�GH�%DFKHORU�(LQGRSGUDFKW�GLH�LN�ELM�.HHV�YDQ�GHU�:HVWHQ�
(VSUHVVRQLVWLF�:RUNV�%9�KHE�DIJHURQG��+HW�YHUVODJ�EHVWDDW�XLW�GULH�GHOHQ��KHW�HLQGYHUVODJ��HHQ�
RQGHU]RHNVUDSSRUW�HQ�GH�ELMODJH��,Q�KHW�HLQGYHUVODJ�VWDDQ�DOOH�EHODQJULMNVWH�PHHWUHVXOWDWHQ�
HQ�FRQFOXVLHV��,Q�KHW�RQGHU]RHNVUDSSRUW�ZRUGHQ�GH�PHWLQJHQ�YHUGHU�WRHJHOLFKW��,Q�GH�ELMODJH�
ZRUGW�DDQYXOOHQGH�LQIRUPDWLH�YRRU�]RZHO�KHW�HLQGYHUVODJ�DOV�KHW�RQGHU]RHNVUDSSRUW�JHOHYHUG��
%LM�GLW�YHUVODJ�ZRUGW�RRN�HHQ�&'�JHOHYHUG�ZDDU�DOOH�UXZH�PHHWGDWD�RSVWDDW�

,Q�GLW�HLQGYHUVODJ�ZRUGW�HHUVW�KHW�EHGULMI�ZDW�YHUGHU�WRHJHOLFKW��ZDDUQD�GH�RSGUDFKW�GLH�GDDU�
XLWJHYRHUG�LV�XLWJHOHJG�ZRUGW��+LHUQD�ZRUGW�GH�PDFKLQH�ZDDUDDQ�JHZHUNW�LV��GH�.HHV�YDQ�GHU�
:HVWHQ�0LUDJH��YHUGHU�WRHJHOLFKW��+LHUELM�ZRUGHQ�GH�YHUVFKLOOHQGH�XLWYRHULQJHQ�HQ�GH�ZHUNLQJ�
EHVSURNHQ��

+LHUQD�ZRUGW�KHW�PHHWJHGHHOWH�EHKDQGHOG��+LHULQ�ZRUGW�HHUVW�GH�QXOPHWLQJ�EHVSURNHQ��
ZDDUELM�JHNHNHQ�ZRUGW�QDDU�GH�PDFKLQH�LQ�GH�RRUVSURQNHOLMNH�WRHVWDQG��9HUYROJHQV�ZRUGW�
GH�DINRHOHQGH�PHVVLQJ���ZHJ�NOHS�EHKDQGHOG��KLHUYRRU�]LMQ�GULH�YHUVFKLOOHQGH�RSORVVLQJHQ�
RQGHU]RFKW��+LHUQD�ZRUGW�KHW�PL[EORN�EHKDQGHOG��GLW�PL[EORN�PHQJW�ZDUP�HQ�NRXG�ZDWHU�RP�
HHQ�FRQVWDQWH�XLWJDDQGH�ZDWHUWHPSHUDWXXU�WH�NULMJHQ�

$OV�ODDWVWH�ZRUGW�KHW�RQWZHUSYRRUVWHO�YRRU�HHQ�QLHXZH�PDFKLQH�JHSUHVHQWHHUG��+LHULQ�]XOOHQ�
GH�KLHUYRRU�EHVSURNHQ�YHUEHWHULQJHQ�PHHJHQRPHQ�ZRUGHQ��9HUGHU�]XOOHQ�KLHU�GH�QLHXZH�HLVHQ�
YDQ�GH�RSGUDFKWJHYHU�DDQJHGUDJHQ�ZRUGHQ�

INLEIDING
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9RRUZRRUG� � � � � � �
1HGHUODQGVH�6DPHQYDWWLQJ� � � � �
(QJOLVK�6XPPDU\� � � � � �
,QOHLGLQJ� � � � � � �� �
,QKRXGVRSJDYH� � � � � � �
���+HW�EHGULMI� � � � � � �
���������+HW�EHGULMI��.HHV�YDQ�GHU�:HVWHQ�� � �
���������'H�PDFKLQHV�YDQ�.HHV�YDQ�GHU�ZHVWHQ� � �
��'H�RSGUDFKW� � � � � � ��
��'H�0LUDJH� � � � � � ��
���������'H�ZHUNLQJ� � � � � ��
���������'H�YHUVFKLOOHQGH�XLWYRHULQJHQ� � � ��
���'H�QXOPHWLQJ�� � � � � ��
���������+HUKDDOEDDUKHLG�� � � � ��
���������7HPSHUDWXXUVLPXODWLH� � � � ��
���������'H���ZHJ�NOHS� � � � � ��
���������&URVVÁRZ�ELM�GH�RQGHUVWH�EDMRQHW� � ��
���������&RQVWDQWKHLG�YDQ�GH�VKRWV� � � ��
���������&RQFOXVLH� � � � � ��
���'H���ZHJ�NOHS� � � � � ��
���������7HPSHUDWXXUYHUOLHV� � � � ��
���������'H�GULH�PRJHOLMNH�RSORVVLQJHQ� � � ��
���������'H�DINRHOVQHOKHLG� � � � ��
���������,QYORHG�RS�GH�VKRWV� � � � ��
���������&RQFOXVLH� � � � � ��
���+HW�PL[EORN� � � � � � ��
���������'RHO� � � � � � ��
���������+HW�2QWZHUS� � � � � ��
���������,QERXZ�LQ�GH�PDFKLQH� � � � ��
���������9HUVWHOEDDU�VWXZWMH� � � � ��
���������:LVVHOHQGH�ERLOHUWHPSHUDWXXU� � � ��
���������9HUJHOLMNLQJ�PHW�GH�RULJLQHOH�VLWXDWLH� � ��
���������&RQFOXVLH� � � � � ��
���'H�QLHXZH�PDFKLQH� � � � � ��
���������&RQFOXVLHV�XLW�KHW�RQGHU]RHN� � � ��
���������3URJUDPPD�YDQ�HLVHQ� � � � ��
���������2QWZHUSYRRUVWHO� � � � ��
&RQFOXVLH�HQ�DDQEHYHOLQJHQ� � � � ��
%HJULSSHQOLMVW� � � � � � ���
%URQQHQOLMVW� � � � � � ��

INHOUDSOPGAVE
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.HHV�YDQ�GHU�:HVWHQ�(VSUHVVRQLVWLF�:RUNV�%9�LV�HQ�EHGULMI�GDW�JHVSHFLDOLVHHUG�LV�LQ�KHW�
RQWZHUSHQ�HQ�ERXZHQ�YDQ�XQLHNH�FRPPHUFLsOH�HVSUHVVRPDFKLQHV��+HW�LQ�:DDOUH�JHYHVWLJGH�
EHGULMI��RQGHU�OHLGLQJ�YDQ�.HHV�YDQ�GHU�:HVWHQ��OHYHUW�PDFKLQHV�DDQ�ELMQD�DOOH�JURWH�
HVSUHVVREDUV�LQ�GH�ZHUHOG��'H�ELMQD�RQJHsYHQDDUGH�NZDOLWHLW�HQ�XLWVWUDOLQJ�YDQ�GH�PDFKLQHV�
PDNHQ�]H�JHOLHIG�RQGHU�GH�NRIÀHOLHIKHEEHUV�

� HET BEDRIJF 
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.HHV�YDQ�GHU�:HVWHQ�YROJGH�LQ�GH�MDUHQ�WDFKWLJ�HHQ�RSOHLGLQJ�DDQ�HQH�GHVLJQ�DFDGHPLH�LQ�
%HOJLs��+LHU�UDDNWH�KLM�LQ�DDQUDNLQJ�PHW�GH�VWLMORQWZLNNHOLQJ�YDQ�GH�HVSUHVVRPDFKLQHV��HQ�GDQ�
YRRUDO�GH�GRRU�$PHULND�JHwQVSLUHHUGH�,WDOLDDQVH�RQWZHUSHQ�YDQ�GH�MDUHQ�����'RRUGDW�DOOHV�
JRHGNRSHU�HQ�VQHOOHU�PRHVW�LQ�,WDOLs�NZDP�HU�HHQ�HLQGH�DDQ�GH�ZLOGH�RQWZHUSHQ��.HHV�QDP�DOV�
DIVWXGHHURSGUDFKW�GH�WDDN�RS�]LFK�RP�HHQ�HVSUHVVRPDFKLQH�PHW�HHQ�VSUDDNPDNHQG�RQWZHUS�
WH�RQWZHUSHQ��
 

,Q�GH�MDUHQ����ERXZGH�GKU���9DQ�GHU�:HVWHQ�YRRUDO�XQLHNH�PDFKLQHV�YRRU�RSGUDFKWJHYHUV��+LHU�
ZHUG�HU�GDQ�PDDU�HHQ�YDQ�JHERXZG��+HW�ZHUHOGEHNHQGH�HVSUHVVRPDFKLQH�PHUN�/D�0DU]RFFR�
YURHJ�.HHV�RP�VDPHQ�PHW�KXQ�HHQ�PDFKLQH�WH�RQWZLNNHOHQ��+LM�ERXZGH�GH�0LVWUDO��

HET BEDRIJF

Afbeelding 1.1: De Kees van der Westen Mistral1

1 zie bronnenlijst, bron 1.2

,Q������EHVORRW�KLM�YRRU�]LFK]HOI�WH�EHJLQQHQ��,Q�GLW�MDDU�RQWZLHUS�HQ�ERXZGH�KLM�GH�0LUDJH��
2RN�EUDFKW�KLM�LQ�HHQ�NOHLQH�RSODJH����PDFKLQHV��HHQ�ppQ�JURHSV�PDFKLQH�XLW��GH�6SLULW��,Q�
�����LQWURGXFHHUGH�KLM�GH�QLHXZH�6SHHGVWHU��KLHUYRRU�KDG�KLM�DO�HHQ�DDQWDO�HHUGHUH�YDULDQWHQ�
JHSURGXFHHUG��,Q������ZHUG�GH�QLHXZVWH�WHOJ�YDQ�GH�IDPLOLH�YHUZHONRPW��GH�6SLULW��

,QPLGGHOV�ZHUNHQ�HU�RQJHYHHU����PHQVHQ�LQ�GH�NOHLQH�ZHUNSODDWV�LQ�:DDOUH��2S�GLW�PRPHQW�
ZRUGHQ�HU�RQJHYHHU�YLMI�PDFKLQHV�SHU�ZHHN�RSJHOHYHUG��'H�PDUNW�]LW�RS�GLW�PRPHQW�LQ�HHQ�
OLIW�HQ�RRN�ELM�.HHV�YDQ�GHU�:HVWHQ�QHHPW�GH�YUDDJ�WRH��'DDURP�ZRUGW�HU�HHQ�XLWEUHLGLQJ�
RYHUZRJHQ�

'RRU�GH�MDUHQODQJH�HUYDULQJ�GLH�KHW�EHGULMI�KHHIW�LQ�KHW�PDNHQ�YDQ�KRRJZDDUGLJH�HVSUHVVR�
PDFKLQHV�EH]LW�KHW�EHGULMI�YHHO�NHQQLV�LQ�KHW�ERXZHQ�HQ�RQWZLNNHOHQ�YDQ�GH]H�PDFKLQHV��
'DDUQDDVW�KHHIW�KHW�EHGULMI�YHHO�LQ]LFKW�LQ�GH�YUDDJ�YDQXLW�GH�PDUNW�HQ�GH�QLHXZH�WHFKQLHNHQ�
]LFK�LQ�GH�ZHUHOG�YDQ�GH�NRIÀH�RQWZLNNHOHQ��+HW�EHGULMI�VWUHHIW�HU�FRQWLQXH�QDDU�GH�KRRJVW�
KDDOEDUH�SUHVWDWLHV�XLW�KXQ�PDFKLQHV�WH�KDOHQ��

1.1 HET BEDRIJF: KEES VAN DER WESTEN
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HET BEDRIJF

,Q�GH]H�SDUDJUDDI�]XOOHQ�GH�GULH�PDFKLQHV�YDQ�.HHV�YDQ�GHU�:HVWHQ�GLH�QX�LQ�SURGXFWLH�]LMQ�NRUW�
ZDW�YHUGHU�EHOLFKW�ZRUGHQ��+HW�EHGULMI�PDDNW�GH�0LUDJH�HQ�6SLULW�LQ�WZHH�PDWHQ��HHQ�PDFKLQH�
PHW�WZHH�]HWJURHSHQ��GLW�ZRUGW�HHQ�'XHWWH�JHQRHPG��HQ�HHQ�PDFKLQH�PHW�GULH�]HWJURHSHQ��GLW�
ZRUGW�HHQ�7ULSOHWWH�JHQRHPG�

1.2.1 DE MIRAGE

1.2 DE MACHINES VAN KEES VAN DER WESTEN

'H�RXGVW�QRJ�LQ�SURGXFWLH�]LMQGH�PDFKLQH�YDQ�.HHV�YDQ�GHU�:HVWHQ�LV�GH�LQ������
JHwQWURGXFHHUGH�0LUDJH��'H]H�PDFKLQH�PDDNW�JHEUXLN�YDQ�KHW�DORP�JHSUH]HQ�(���V\VWHHP��]LH�
ELMODJH�KRRIGVWXN�������'LW�KRXG�LQ�GDW�GH�PDFKLQH�ppQ�JURWH�VWRRPERLOHU�KHHIW��'H�]HWJURHSHQ� 
ZRUGHQ�JHYRHG�GRRU�HHQ�ZDUPWHJHOHLGHU�GLH�GRRU�GH]H�ERLOHU�ORRSW��'H�VWRRPERLOHU�ZRUGW�
RS������EDU�������&��JHKRXGHQ�RP�HHQ�NUDFKWLJH�VWRRPGUXN�WH�KHEEHQ��+HW�YRRUGHHO�YDQ�GLW�
V\VWHHP�LV�GDW�KLM�UHODWLHI�JRHGNRRS�LV�RP�WH�ERXZHQ��RPGDW�HU�PDDU�ppQ�ERLOHU�HQ�JRHGNRSHUH�
PDWHULDOHQ��PHVVLQJ��JHEUXLNW�ZRUGHQ��(HQ�QDGHHO�YDQ�GLW�V\VWHHP�LV�GDW�KHW�YRRU�GH�JHEUXLNHU�
PRHLOLMNHU�LV�RP�GH�WHPSHUDWXXU�YDQ�KHW�XLWNRPHQGH�ZDWHU�LQ�WH�UHJXOHUHQ��(HQ�0LUDJH�NRVW�
RQJHYHHU�½��������

Afbeelding 1.2: De Kees van der Westen Mirage2

1 zie begrippenlijst, zetgroep
2 zie bronnenlijst, bron 1.3

1.2.2 DE SPEEDSTER

'H�NOHLQVWH�PDFKLQH�YDQ�.HHV�YDQ�GHU�:HVWHQ�LV�GH�LQ������JHwQWURGXFHHUGH�6SHHGVWHU��'H]H�
PDFKLQH�ZDV�RRUVSURQNHOLMN�RQWZRUSHQ�YRRU�NOHLQH�NRIÀH]DDNMHV�RI�KLSSH�NDSSHUV��PDDU�ZRUGW�
PHHVWDO�YRRU�HQWKRXVLDVWH�WKXLVEDULVWL�EHVWHOG��'H�PDFKLQH�PDDNW�JHEUXLN�YDQ�HHQ�GXEEHO�
ERLOHUV\VWHHP��GLW�KRXG�LQ�GDW�HU�HHQ�VWRRP��HQ�HHQ�NRIÀH�ERLOHU�LV��'LW�KHHIW�DOV�YRRUGHHO�GDW�
KHW�ZDWHU�YRRU�GH�NRIÀH�SDV�YODN�YRRU�KHW�JURHSVKRRIG�RS�WHPSHUDWXXU�ZRUGW�JHKRXGHQ��ZDW�
KHW�V\VWHHP�YHHO�ÁH[LEHOHU�HQ�FRQVWDQWHU�PDDNW��+HW�QDGHHO�LV�GDW�LQ�GH]H�NOHLQH�PDFKLQH�GXV�
WZHH�ERLOHUV�PHW�DOOH�ELMEHKRUHQGH�RQGHUGHOHQ�JHwQVWDOOHHUG�PRHW�ZRUGHQ��ZDW�KHW�HHQ�VWXN�
GXXUGHU�PDDNW��+HW�JURHSVKRRIG�LQ�YDQ�596�HQ�JHYXOG�PHW�ZDWHU��GLW�ZDWHU�KHHIW�DOV�GRHO�RP
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HET BEDRIJF
KHW�ZDWHU�ZDW�QDDU�GH�NRIÀH�JDDW�WH�VWDELOLVHUHQ��'H�PDFKLQH�EHYDW�JHHQ�DXWRPDWLVFKH�SUH�
LQIXVLH��]LH�ELMODJH���PDDU�GH�JHEUXLNHU�NDQ�EHSDOHQ�RI�KHW�ZDWHU�RS�OHLGLQJGUXN����EDU��RI�RS�
SRPSGUXN����EDU��GRRU�GH�PDFKLQH�JDDW��%LM���EDU�YXOW�GH�LQIXVLHNDPHU�]LFK��ZDDUGRRU�KHW�
NRIÀHEHG�NDQ�YRRUZHNHQ��:DQQHHU�GH�JHEUXLNHU�GH�PDFKLQH�HHQ�VWDQG�YHUGHU�]HW��GXV�GH�
SRPSGUXN�DDQJDDW��EHJLQW�GH�H[WUDFWLH�HQ�NRPW�KHW�ZDWHU�GRRU�KHW�NRIÀHEHG��(HQ�6SHHGVWHU�
NRVW�RQJHYHHU�½�������

1.2.3 DE SPIRIT

'H�LQ������JHwQWURGXFHHUGH�.HHV�YDQ�GHU�:HVWHQ�6SLULW�LV�GH�JURRWVWH�HQ�PHHVW�PRGHUQH�
PDFKLQH�YDQ�.HHV�YDQ�GHU�:HVWHQ��'H]H�PDFKLQH�PDDNW�JHEUXLN�YDQ�KHW�]RJHKHWHQ�PXOWLSOH�
ERLOHU�V\VWHHP��'LW�KRXG�LQ�GDW�HONH�]HWJURHS�]LMQ�HLJHQ�NRIÀHERLOHU�KHHIW��'H]H�ERLOHUV�
ZRUGHQ�JHYRHG�PHW�YRRUYHUZDUPW�ZDWHU�XLW�GH�VWRRPERLOHU��(HQ�YDQ�GH�JURWH�YRRUGHOHQ�
YDQ�GLW�V\VWHHP�LV�GDW�HONH�JURHS�]LMQ�HLJHQ�WHPSHUDWXXU�NDQ�KHEEHQ��ZDDUGRRU�GH�EDULVWD�RS�
YHUVFKLOOHQGH�]HWJURHSHQ�DQGHUH�ERQHQ�NDQ�JHEUXLNHQ��'LW�PDDNW�GH�PDFKLQH�GXV�HUJ�ÁH[LEHO�
HQ�JHEUXLNVYULHQGHOLMN��+HW�QDGHHO�KLHUYDQ�LV�GDW�HU�QX�GULH��ELM�HHQ�'XHWWH��RI�YLHU��ELM�HHQ�
7ULSOHWWH��ERLOHUV�LQ�GH�PDFKLQH�]LWWHQ��ZDW�KHW�HHQ�HUJ�GXUH�PDFKLQH�PDDNW��9HUGHU�PDDNW�GH�
6SLULW�JHEUXLN�YDQ�KHW]HOIGH�596�JURHSVKRRIG�DOV�GH�6SHHGVWHU��+LHUELM�ZRUGW�GH�ZDWHUPDVVD�LQ�
GH�KDOV�JHEUXLNW�RP�GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�ZDW�QDDU�GH�NRIÀH�JDDW�WH�VWDELOLVHUHQ��(HQ�
6SLULW�NRVW�RQJHYHHU�½���������

Afbeelding 1.4:  De Kees van der Westen Spirit2 

Afbeelding 1.3:  De Kees van der Westen Speedster1

1 zie bronnenlijst, bron 1.4
2 zie bronnenlijst, bron 1.5
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KEES VAN DER WESTEN

'H�.HHV�YDQ�GHU�:HVWHQ�0LUDJH�LV�DO�VLQGV������LQ�SURGXFWLH��'H�0LUDJH�LV�LQPLGGHOV�YHURXGHUG�
WHQ�RS]LFKWH�YDQ�GH�YRULJ�MDDU�XLWJHEUDFKWH�6SLULW��'RRUGDW�KLM�ZDW�YHURXGHUG�LV�EOLMIW�KLM�
RQGHU�DQGHUH�DFKWHU�LQ�GH�VWDELOLWHLW�YDQ�GH�ZDWHUWHPSHUDWXXU�XLW�GH�(���]HWJURHS��'LW�NRPW�
RPGDW�KHW�KHOH�V\VWHHP�JHYRHOLJ�LV�YRRU�DINRHOLQJ�HQ�RPJHYLQJVWHPSHUDWXXU��'H�RSGUDFKW�
LV�RP�GH�0LUDJH�JURQGLJ�WH�RQGHU]RHNHQ�HQ�WH�EHNLMNHQ�ZHONH�RQGHUGHOHQ�YDQ�KHW�SURGXFW�
JHRSWLPDOLVHHUG�RI�YHUYDQJHQ�NXQQHQ�ZRUGHQ�RP�GH�WHPSHUDWXXU�YDQ�KHW�XLWNRPHQGH�ZDWHU�
FRQVWDQWHU�WH�PDNHQ��2P�HHQ�GXLGHOLMN�EHHOG�WH�NXQQHQ�YRUPHQ�RYHU�GH�ZHUNLQJ�YDQ�GH�
PDFKLQH�PRHW�HU�HHUVW�]HOI�ppQ�JHERXZG�ZRUGHQ��HQ�GH�ZHUNLQJ�YHUYROJHQV�JHDQDO\VHHUG�
ZRUGHQ��%LM�GH�RSGUDFKW�PRHW�HU�]RZHO�WHFKQLVFK�DOV�RQWZHUSJHULFKW�QDDU�GH�PDFKLQH�
JHNHNHQ�ZRUGHQ��+HW�RQWZHUSJHULFKWH�YHUWDDOG�]LFK�LQ�KHW�IHLW�GDW�GH�PDFKLQH��QDGDW�DOOH�
RQGHUGHOHQ�EHNHQG�]LMQ��YRUPJHJHYHQ�PRHW�ZRUGHQ��'LW�PRHW�ZHO�JHEHXUHQ�LQ�GH�KHUNHQEDUH�
HQ�YHUWURXZGH�́ .HHV�YDQ�GHU�:HVWHQµ�VWLMO��+HW�WHFKQLVFKH�YHUWDDOG�]LFK�LQ�KHW�IHLW�GDW�HU�HHQ�
JURWH�NHQQLV�RYHU�GH�IXQFWLRQDOLWHLW�HQ�HYHQWXHOH�YHUEHWHUSXQWHQ�YDQ�DOOH�RQGHUGHOHQ�YDQ�GH�
PDFKLQH�QRGLJ�LV��:DQQHHU�HYHQWXHHO�DDQGDFKWVSXQWHQ�]LMQ�JHYRQGHQ�PRHWHQ�YHUVFKLOOHQGH�
PRJHOLMNH�YHUEHWHUSXQWHQ�JHWHVW�ZRUGHQ��'H]H�YHUEHWHUSXQWHQ�PRHWHQ�DOOHPDDO�LQ�KHW�WHNHQ�
VWDDQ�YDQ�KHW�]R�VWDELHO�PRJHOLMN�PDNHQ�YDQ�GH�WHPSHUDWXXU�YDQ�KHW�XLWNRPHQGH�ZDWHU��KLHUELM�
PRHW�KHW�QLHW�XLWPDNHQ�KRH�ODQJ�GH�PDFKLQH�QLHW�JHEUXLNW�LV�RI�KRH�LQWHQVLHI�KLM�MXLVW�ZHO�
JHEUXLNW�ZRUGW�

� DE OPDRACHT
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DE OPDRACHT
'H�HVVHQWLH�YDQ�GH�RSGUDFKW�LV�GXV�KHW�EHKRXGHQ�YDQ�GH�NHQPHUNHQ�YDQ�GH�0LUDJH��RQGHU�
DQGHUH�HQNHO�ERLOHU�PHW�ZDUPWHZLVVHODDU�V\VWHHP��PDDU�WRFK�GH�WHPSHUDWXXU�YDQ�KHW�
XLWNRPHQGH�ZDWHU�FRQVWDQWHU�PDNHQ��+HW�]RX�HYHQWXHHO�HHQ�ERQXV�]LMQ�DOV�GH�EDULVWD�
XLWHLQGHOLMN�RRN�EHWHU�GH�WHPSHUDWXXU�YDQ�KHW�XLWNRPHQGH�ZDWHU�]HOI�NDQ�EHSDOHQ��+LHUELM�PRHW�
GH�0LUDJH�GXV�ZHO�DQGHUV�EOLMYHQ�ZHUNHQ�GDQ�KHW�PXOWLSOH�ERLOHU�V\VWHHP�YDQ�GH�6SLULW�

.RUW�VDPHQJHYDW�]XOOHQ�GH�YROJHQGH�RQGHUGHOHQ�LQ�DÁRSHQGH�YROJRUGH�EHKDQGHOG�ZRUGHQ�
��������� 'H�PDFKLQH�ERXZHQ�HQ�DQDO\VHUHQ
������� 0HWLQJHQ�XLWYRHUHQ�RP�RQGHUGHOHQ�WH�YLQGHQ�GLH�H[WUD�DDQGDFKW�YHUHLVHQ
������� 9HUEHWHULQJHQ�YRRU�GH�JHYRQGHQ�RQGHUGHOHQ�RQGHU]RHNHQ
������� 9HUQLHXZGH�PDFKLQH�RQWZHUSHQ�PHW�YHUEHWHUGH
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KEES VAN DER WESTEN

,Q�GLW�KRRIGVWXN�]DO�GH�PDFKLQH�ZDDUDDQ�JHZHUNW�LV��GH�0LUDJH��ZDW�YHUGHU�EHOLFKW�ZRUGHQ��
(HUVW�]DO�GH�ZHUNLQJ�YDQ�KHW�V\VWHHP�XLWJHOHJG�ZRUGHQ��ZDDUQD�GH�YHUVFKLOOHQGH�YHUVLHV�GLH�WH�
YHUNULMJHQ�]LMQ�ZDW�YHUGHU�WRHJHOLFKW�]XOOHQ�ZRUGHQ�

� DE MIRAGE

Afbeelding 3.1: De belangrijkste onderdelen van de Mirage
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DE MIRAGE

,Q�GH]H�SDUDJUDDI�ZRUGW�GH�ZHUNLQJ�YDQ�GH�EHODQJULMNVWH�RQGHUGHOHQ�NRUW�XLWJHOHJG��(HQ�DDQWDO�
RQGHUGHOHQ�]XOOHQ�LQ�GH�GDDUELM�YHUQRHPGH�ELMODJH�QRJ�YHUGHU�JHVSHFLÀFHHUG�ZRUGHQ�

3.1 DE WERKING

3.1.1 ALGEMENE WERKING

'H�0LUDJH�PDDNW�JHEUXLN�YDQ�HHQ�HQNHO�ERLOHU�V\VWHHP��'H]H�ERLOHU�ZRUGW�JHEUXLNW�YRRU�KHW�
WKHHZDWHU�HQ�GH�VWRRP�RP�KHW�PHON�RS�WH�VFKXLPHQ��'H]H�ERLOHU�ZRUGW�RS������EDU�������&�
�]LH�ELMODJH�KRRIGVWXN������JHKRXGHQ��]LH�ELMODJH�KRRIGVWXN�������9URHJHU�ZHUG�GLW�GRRU�HHQ�
SUHVVRVWDDW�JHUHJHOG��WHJHQZRRUGLJ�ZRUGW�GH�WHPSHUDWXXU�JHUHJXOHHUG�GRRU�PLGGHO�YDQ�HHQ�
3,'��]LH�EHJULSSHQOLMVW���$OOH�XLWYRHULQJHQ�YDQ�GH�0LUDJH��EHKDOYH�GH�,GURFRPSUHVVRU��PDNHQ�
JHEUXLN�YDQ�HHQ�H[WHUQH�SRPS��'H]H�SRPS�GUXNW�KHW�ZDWHU�RS�GH�JHZHQVWH�GUXN��PHHVWDO�
URQG�GH���EDU��GRRU�GH�PDFKLQH��'RRUGDW�KHW�YHUGHU�HHQ�JHVORWHQ�V\VWHHP�LV��NRPW�GH]H�GUXN�
XLWHLQGHOLMN�RRN�ELM�KHW�NRIÀHEHG�WHUHFKW��'H�,GURFRPSUHVVRU�PDDNW�JHEUXLN�YDQ�GH�OHLGLQJGUXN��
GLW�LV�PHHVWDO�URQG�GH���EDU��'H�,GURFRPSUHVVRU�ZHUNW�EHKRRUOLMN�DQGHUV�HQ�DDQJH]LHQ�GH]H�
QLHW�LQ�GH�RSGUDFKW�EHKDQGHOG�ZRUGW�GLW�RRN�QLHW�YHUGHU�WRHJHOLFKW�

'H�SRPS�����ZRUGW�LQJHVFKDNHOG�DOV�HHQ�JURHSVNOHS�����RSHQJH]HW�ZRUGW��'LW�JHEHXUG�ELM�GH�
7RXFKSDG�YHUVLH�GRRU�PLGGHO�YDQ�KHW�LQGUXNNHQ�YDQ�ppQ�YDQ�GH�YLMI�NQRSSHQ�HQ�ELM�GH�%DVWRQH�
GRRU�KHW�RP]HWWHQ�YDQ�GH�KHQGHO��,Q�DIEHHOGLQJ�����]LMQ�GH�EHODQJULMNVWH�RQGHUGHOHQ�XLW�KHW�
V\VWHHP�EHQRHPW��+HW�ZDWHU�LQ�GH�ERLOHU�����ZRUGW�JHEUXLNW�YRRU�KHW�WKHHZDWHU��GH�VWRRP�
HQ�RP�KHW�ZDWHU�LQ�GH�ZDUPWHZLVVHODDU�RS�WH�ZDUPHQ��+HW�ZDWHU�LQ�GH�ZDUPWHZLVVHODDU�����
ZRUGW�JHEUXLNW�RP�GH�VKRWV�PHH�WH�]HWWHQ��+HW�ZDWHU�ZDW�YRRU�GH�NRIÀH�EHGRHOG�LV�YHUODDW�
KHW�JURHSVKRRIG�HQ�NRPW�RS�GH�NRIÀH��GLW�]LW�LQ�HHQ�ÀOWHUGUDJHU�GLH�KDQJW�RS�SXQW����%LM�SXQW�
��ZRUGW�ELMJHKRXGHQ�KRHYHHO�ZDWHU�HU�DO�GRRUKHHQ�JHJDDQ�LV��KLHUGRRU�ZHHW�GH�PDFKLQH�LQ�ELM�
GH�WRXFKSDG�YHUVLH�ZDQQHHU�KLM�DXWRPDWLVFK�GH�JURHSVNOHS�PRHW�VOXLWHQ��+HW�WKHHZDWHU�ZRUGW�
YRRU�YRRUGDW�KHW�GH�PDFKLQH�XLW�NRPW�����HHUVW�QRJ�YHUPHQJW�PHW�NRXG�ZDWHU�XLW�GH�NUDDQ�RP�
GH�WHPSHUDWXXU�ZDW�RPODDJ�WH�KDOHQ��GH�LGHDOH�WHPSHUDWXXU�YRRU�WKHHZDWHU�LV�RQJHYHHU�����&��
'LW�JHEHXUW�LQ�KHW�PL[EORN������+HW�VWRRP�YHUODDW�GH�PDFKLQH�YLD�HHQ�VWRRPEXLV������GLH�PHW�
HHQ�NOHS�JHRSHQG�NDQ�ZRUGHQ��9RRU�GH�ZDWHUPHWHU�VSOLWV�KHW�V\VWHHP�]LFK��KLHU�ZRUGW�GH]HOIGH�
OXV�QRJ�ppQ�RI�WZHH�NHHU�KHUKDDOG��DIKDQNHOLMN�YDQ�KHW�IHLW�RI�KHW�HHQ�'XHWWH�RI�7ULSOHWWH�LV�

+LHUELM�]LMQ�GH�YROJHQGH�RQGHUGHOHQ�EHQRHPG�
���²�'H�H[WHUQH�SRPS
���²�'H����OLWHU��ELM�GH�'XHWWH��RI����OLWHU��ELM�GH�7ULSOHWWH��ERLOHU�
���²�'H�ZDUPWHZLVVHODDU
���²�'H���ZHJ�NOHS��RRN�ZHO�JURHSVNOHS�
���²�+HW���NLOR�PHVVLQJ�JURHSVKRRIG
���²�8LWJDQJ�ZDDU�KHW�ZDWHU�RS�GH�NRIÀH�NRPW
���²�:DWHUPHWHU
���²�0L[EORN�YRRU�KHW�WKHHZDWHU
���²�8LWJDQJ�YRRU�KHW�WKHHZDWHU
���²�8LWJDQJ�YRRU�GH�VWRRP
���²�+LHU�ZRUG�KHW�ZDWHU�DIJHVSOLWVW�RP�QDDU�GH��H�HQ�HYHQWXHHO��H�JURHS��ELM�GH�7ULSOHWWH��WH�JDDQ�
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+HW�EHODQJULMNVWH�YRRU�GLW�RQGHU]RHN�LV�GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�RS�KHW�NRIÀHEHG��2P�GLW�
WH�RQGHU]RHNHQ�PRHW�KHW�NRIÀHV\VWHHP��]LH�EHJULSSHQOLMVW��QRJ�ZDW�QDGHU�RQGHU]RFKW�ZRUGHQ��
2P�JRHG�WH�NXQQHQ�XLWOHJJHQ�ZDW�HU�PHW�KHW�ZDWHU�JHEHXUG�ZRUGW�HU�HHQ�RQGHUVFKHLG�
JHPDDNW�ZRUGHQ�WXVVHQ�GH�PDFKLQH�LQ�VWLOVWDQG�HQ�GH�PDFKLQH�WLMGHQV�KHW�EHUHLGHQ�YDQ�GH�
NRIÀH��,Q�GLW�KRRIGVWXN�ZRUG�WHONHQV�PDDU�JHNHNHQ�QDDU�ppQ�]HWJURHS��

DE MIRAGE
3.1.2 WATEROMLOOP

IN RUST

7LMGHQV�GH�UXVW�WRHVWDQG�YDQ�GH�PDFKLQH�LV�GH���ZHJ�NOHS�����JHVORWHQ��ZDDUGRRU�HU�JHHQ�ZDWHU�
LQ�GH�RQGHUNDQW�YDQ�KHW�JURHSVKRRIG�����NDQ�NRPHQ��2PGDW�HU�JHHQ�ZDWHU�JHEUXLNW�ZRUG�
KRHIW�HU�RRN�JHHQ�ZDWHU�ELMJHYXOG�WH�ZRUGHQ��GXV�ORRSW�HU�JHHQ�ZDWHU�YDQ�GH�NUDDQ�DDQ�GH�
RQGHUNDQW�GH�ZDUPWHZLVVHODDU�����ELQQHQ��'H�EXLV��ORRSW�YDQXLW���QDDU�GH�ERLOHU��GLH�KHW�ZDWHU�
DDQYRHUW�ORRSW�RPODDJ�ODQJV�GH�ERLOHU������KLHUGRRU�ZDUPW�KHW�ZDWHU�GRRUPLGGHO�YDQ�FRQGXFWLH�
DO�HHQ�EHHWMH�RS�

+HW�ZDWHU�LQ�GH�ZDUPWHZLVVHODDU�ZDUPW�RS�QDDU�HHQ�WHPSHUDWXXU�YDQ������&��GH]HOIGH�
WHPSHUDWXXU�DOV�GH�ERLOHU�KHHIW���'RRUGDW�ZDUP�ZDWHU�VWLMJW�YHUODDW�KHW�ZDUPH�ZDWHU�GH�
ZDUPWHZLVVHODDU�DDQ�GH�ERYHQNDQW�YDQ�GH�ERLOHU��+LHU�ZRUG�GH�KRHYHHOKHLG�ZDUP�ZDWHU�
ZDW�GH�ZDUPWHZLVVHODDU�NDQ�YHUODWHQ�JHUHJHOG�GRRU�HHQ�VWXZWMH�YDQ�����PP��'LW�VWXZWMH�
EHOHPPHUW�GH�GRRUVWURRP�YDQ�KHW�ZDWHU��ZDDUGRRU�HU�PDDU�HHQ�EHSHUNWH�KRHYHHOKHLG�ZDWHU�
GH�ZDUPWHZLVVHODDU�NDQ�YHUODWHQ��0HW�GLW�VWXZWMH�NDQ�GXV�GH�WHPSHUDWXXU�YDQ�KHW�JURHSVKRRIG�
����JHUHJXOHHUG�ZRUGHQ��'LW�ZDWHU�VWURRPW�QDDU�KHW�JURHSVKRRIG�����ZDDU�KHW�WLMGHOLMN�LQ�HHQ�
KROWH�YDQ����FF�]LW��7LMGHQV�GH]H�WLMG�YHUOLHVW�KHW�HHQ�GHHO�YDQ�]LMQ�ZDUPWH�DDQ�GH�YLHU�NLOR�
PHVVLQJ��ZDW�HHQ�KHOH�JRHGH�ZDUPWHJHOHLGHU�LV��+LHUGRRU�ZRUGW�KHW�JURHSVKRRIG�RQJHYHHU����
�&��'RRUGDW�KHW�ZDWHU�NRXGHU�ZRUGW�]DNW�KHW�QDDU�EHQHGHQ��ZDDU�KHW�YLD�HHQ�NRSHUHQ�OHLGLQJ�
ZHHU�DDQ�GH�RQGHUNDQW�YDQ�GH�ZDUPWHZLVVHODDU�NRPW��+LHU�EHJLQW�KHW�ZDWHU�RSQLHXZ�]LMQ�
RPORRS��+HW�ZDWHU�ZRUGW�GXV�QLHW�URQGJHSRPSW�PDDU�FLUFXOHHUW�XLW�]LFK]HOI�GRRU�KHW�V\VWHHP��
GLW�QDWXXUNXQGLJH�HIIHFW�KHHW�WKHUPRVLIRQ��$IEHHOGLQJ�����LV�HHQ�VFKHPDWLVFKH�WHNHQLQJ�ZDDULQ�
ZRUG�ZHHUJHJHYHQ�KRH�KHW�ZDWHU�GRRU�GH�V\VWHHP�FLUFXOHHUW�



17

:DQQHHU�GH�EDULVWD�HHQ�]HWJURHS�DDQ]HW�JDDW�GH���ZHJ�NOHS�����DFKWHU�KHW�JURHSVKRRIG�RSHQ��
+LHUGRRU�NDQ�HU�ZDWHU�QDDU�GH�ÀOWHUGUDJHU�����ORSHQ��2PGDW�GH�GUXN�RYHUDO�LQ�KHW�V\VWHHP�
JHOLMN�LV�]DO�KHW�ZDWHU�YDQ�]RZHO�ERYHQ�XLW�GH�ZDUPWHZLVVHODDU����������&��DOV�YDQ�RQGHU�XLW�
GH�ZDUPWHZLVVHODDU��GH�WHPSHUDWXXU�YDQ�GLW�ZDWHU�KDQJW�YDQ�YHUVFKLOOHQGH�GLQJHQ�DI��GRRU�KHW�
JURHSVKRRIG�����JHSHUVW�ZRUGHQ��

'H�KRHYHHOKHLG�ZDWHU�GLH�YDQ�ERYHQ�GH�ZDUPWHZLVVHODDU����������&��DDQJHWURNNHQ�ZRUG�LV�
PLQGHU�RPGDW�VWURPLQJ�LQ�GH]H�EXLV�GRRU�HHQ�VWXZWMH�YDQ�����PP�EHOHPPHUW�ZRUG�HQ�KHW�
NRXGHUH�ZDWHU�ZRUG��UHODWLHI��RQEHOHPPHUG�GRRU�HHQ�NRSHUHQ�EXLV�YDQ���PP�JHYRHUG��'RRU�
KHW�YHUVFKLO�LQ�GRRUODWLQJ�LV�KHW�DDQGHHO�YDQ�GH�ERYHQVWH�EXLV�ELMQD�QLKLO��'H�UHGHQ�ZDDURP�
KHW�VWXZWMH�KLHU�]LW�LV�YRRUQDPHOLMN�RP�GH�WHPSHUDWXXU�YDQ�KHW�JURHSVKRRIG�WH�NXQQHQ�
UHJXOLHUHQ��PDDU�KHHIW�DOV�ELMNRPHQG�YRRUGHHO�GDW�KHW�WH�ZDUPH�ZDWHU�HHQ�NOHLQHU�DDQGHHO�
KHHIW�LQ�KHW�ZDWHU�ZDW�QDDU�GH�NRIÀH�JDDW��'H�WHPSHUDWXXU�YDQ�KHW�ZDWHU�GDW�YDQ�RQGHU�GH�
ZDUPWHZLVVHODDU�NRPW�ZRUGW�WKHUPLVFK�JHVWDELOLVHHUG�GRRU�KHW�JURHSVKRRIG�YDQ�YLHU�NLOR�
PHVVLQJ��]LH�ELMODJH�KRRIGVWXN�������0HVVLQJ�LV�HHQ�]HHU�JRHGH�ZDUPWHJHOHLGHU������:��P�
�.��ELM�����.��]LH�ELMODJH�KRRIGVWXN�����ZDDUGRRU�KHW�]LMQ�ZDUPWH�DIVWDDW�DDQ�KHW�NRXGHUH�
ZDWHU��+HW�ZDUPH�HQ�NRXGH�ZDWHU�ZRUG�YODN�YRRU�GH���ZHJ�NOHS�PHW�HONDDU�JHPHQJG��+LHUQD�
NRPW�KHW�ZDWHU�LQ�FRQWDFW�PHW�GH�ÀOWHUGUDJHU��+HW�ZDWHU�GDW�JHEUXLNW�ZRUGW�ZRUG�DDQJHYXOG�
GRRU�NRXG�ZDWHU�GDW�YDQXLW�GH�NUDDQ�GRRU�GH�SRPS�����ORRSW��GDQ�ODQJV�GH�ZDWHUPHWHU�����
HQ�YDQ�GDDUXLW��LQ�GH�ZDUPWHZLVVHODDU������$IEHHOGLQJ�����LV�HHQ�VFKHPDWLVFKH�WHNHQLQJ�ZDDULQ�
ZHHUJHJHYHQ�LV�KRH�KHW�ZDWHU�GRRU�KHW�V\VWHHP�JDDW�DOV�GH�JURHS�RSHQ�VWDDW��'H�DDQJHJHYHQ�
WHPSHUDWXXU�RS�GH�YHUVFKLOOHQGH�SOHNNHQ�LV�HHQ�VFKDWWLQJ�HQ�]LMQ�PHHU�YRRU�KHW�LGHH�GDQ�GDW�]H�
DFFXUDDW�]LMQ�

DE MIRAGE

TIJDENS HET BEREIDEN VAN EEN ESPRESSO-SHOT

$IEHHOGLQJ������+HW�NRIÀHV\VWHHP�WLMGHQV�VWLOVWDQG
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DE MIRAGE

=RDOV�DO�HHUGHU�JHQRHPG�ZRUGHQ�GH�PDFKLQHV�YDQ�.HHV�YDQ�GHU�:HVWHQ�LQ�WZHH�JURRWWHV�
JHOHYHUG��(HQ�WZHHJURHSVPDFKLQH��GH�'XHWWH��HQ�HHQ�GULHJURHSVPDFKLQH��GH�7ULSOHWWH��6RPV�
ZRUGW�RQGHU�KRJH�XLW]RQGHULQJ�HQ�RS�VSHFLDOH�EHVWHOOLQJ�ELMYRRUEHHOG�HHQ�YLMIJURHSVPDFKLQH�
JHERXZG�

3.2 DE VERSCHILLENDE UITVOERINGEN

3.2.1 CLASSIC

'H�&ODVVLF�ZRUGW�JHOHYHUG�PHW�JOD]HQ�]LMSDQHOHQ�HQ�KRRJJODQV�DIGHNSODWHQ��2S�GH�]LMSDQHOHQ�
NDQ�GH�NODQW�]HOI�HHQ�SODDWMH�ODWHQ�]HWWHQ��9HUGHU�ZRUGW�KLM�JHOHYHUG�PHW�HHQ�WRXFKSDG��'LW�
EHWHNHQG�GDW�GH�EDULVWD���ZDWHUKRHYHHOKHLGHQ�NDQ�LQVWHOOHQ��'H�PDFKLQH�VODDW�GLW�RS�LQ�HHQ�
EUHLQ�HHQ�PHHW�GH�ZDWHUKRHYHHOKHLG�GRRU�HHQ�ZDWHUPHWHU��%LM�GH��H�VWDQG�LV�HHQ�DDQ�XLW�VWDQG��
ZDDUELM�QD�PD[LPDDO���PLQXWHQ�GH�PDFKLQH�XLW�]LFK]HOI�DIVODDW��$IEHHOGLQJ�����JHHIW�HHQ�.HHV�
YDQ�GHU�:HVWHQ�0LUDJH�&ODVVLF�'XHWWH�ZHHU��GH�URGH�SLMO�JHHIW�DDQ�ZDDU�KHW�WRXFKSDG�]LW��2S�
DIEHHOGLQJ�����LV�HHQ�WRXFKSDG�WH�]LHQ�

$IEHHOGLQJ������+HW�NRIÀHV\VWHHP�WLMGHQV�EHUHLGLQJ
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'H�9HORFH�LV�WHFKQLVFK�KHW]HOIGH�DOV�GH�&ODVVLF��PDDU�]LHW�HU�XLWHUOLMN�DQGHUV�XLW��'H�JOD]HQ�
]LMSDQHOHQ�]LMQ�YHUYDQJHQ�GRRU�FQF�JHIUHHVGH�DOXPLQLXP�SDQHOHQ��2RN�]LMQ�GH�KRRJJODQV�
DIGHNSODWHQ�YHUYDQJHQ�GRRU�PDFKLQHWXUQHG�SDQHOHQ��+LHURS�]LMQ�PDDQYRUPLJH�FLUNHOV�JHVOHSHQ��
GLW�JHHIW�HHQ�HUJ�LQGXVWULsOH�ORRN�DDQ�GH�PDFKLQH��2S�DIEHHOGLQJ�����LV�HHQ�0LUDJH�9HORFH�
'XHWWH�WH�]LHQ�

3.2.2 VELOCE

DE MIRAGE

Afbeelding 3.4: De Kees van der Westen Mirage Classic1  Afbeelding 3.5: Een touchpad

Afbeelding 3.6: De Kees van der Westen Mirage Veloce2 

1 zie bronnenlijst, bron 1.6
2 zie bronnenlijst, bron 1.7
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DE MIRAGE

%LM�GH�%DVWRQH�]HW�GH�EDULVWD�GH�JURHS�DDQ�RI�XLW�GRRU�PLGGHO�YDQ�HHQ�KHQGHO��'LW�V\VWHHP�
ZHUNW�YHHO�HHQYRXGLJHU�GDQ�GH�WRXFKSDG�YHUVLH��(U�KRHIW�KLHU�QDPHOLMN�JHHQ�ZDWHUPHWHU�HQ�
EUHLQ�YRRU�JHEUXLNW�WH�ZRUGHQ��'H�EDULVWD�PRHW�KLHUGRRU�ZHO�PHHU�ZHUN�]HOI�GRHQ��ZDQW�KLM�
PRHW�LQ�GH�JDWHQ�KRXGHQ�ZDQQHHU�ZHONH�JURHS�NODDU�LV�HQ�GH]H�RS�WLMG�XLW]HWWHQ��'LW�]RUJW�
HU�QDWXXUOLMN�ZHO�YRRU�GDW�KLM�PHHU�FRQWUROH�RYHU�GH�H[WUDFWLH�KHHIW��%DVWRQH�LV�,WDOLDDQV�YRRU�
VWRN��$IEHHOGLQJ�����ODDW�GH�0LUDJH�%DVWRQH�7ULSOHWWH�]LHQ��KLHU�]LMQ�GH�KHQGHOV�PHW�GH�URGH�SLMO�
DDQJHJHYHQ��$IEHHOGLQJ�����LV�HHQ�FORVH�XS�YDQ�]R·Q�KHQGHO�WH�]LHQ�

3.2.3 BASTONE

Afbeelding 3.7: De Kees van der Westen Mirage Veloce Bastone1  Afbeelding 3.8: Close-up van de hendel

'H�,GURFRPSUHVVRU�LV�GH�PHHVW�WUDGLWLRQHHO�EHGLHQZLM]H�YDQ�GH�0LUDJH��+LHUELM�PRHW�GH�
EDULVWD�GH�KHQGHO�QDDU�EHQHGHQ�WUHNNHQ��]RGDW�GH�]XLJHU�GLH�LQ�KHW�JURHSVKRRIG�]LW�RPKRRJ�
JDDW��+LHUGRRU�NDQ�GH�UXLPWH�WXVVHQ�GH�]XLJHU�HQ�KHW�NRIÀHEHG�]LFK�YXOOHQ�PHW�ZDUP�ZDWHU��
:DQQHHU�GH�EDULVWD�GH�KHQGHO�ZHHU�RQWJUHQGHOG�JDDW�GH�YHHU�ERYHQ�GH�]XLJHU�GH�]XLJHU�
QDDU�EHQHGHQ�GUXNNHQ��'H]H�YHHU�]RUJW�YRRU�GH�GUXN�GLH�QRGLJ�LV�RP�KHW�ZDWHU�GRRU�KHW�
NRIÀHEHG�WH�GUXNNHQ��0HGH�GRRU�GH]H�YHHU�NDQ�PHW�HHQ�,GURFRPSUHVVRU�V\VWHHP�HHQ�PRRLH�
GUXNSURÀOHULQJ�EHUHLNW�ZRUGHQ��=R�YHUVODSW�HHQ�YHHU�QDDUPDWH�KLM�XLWUHNW��GLW�NRPW�JRHG�XLW��
RPGDW�NRIÀH�WLMGHQV�HHQ�H[WUDFWLH�RRN�VWHHGV�PLQGHU�RSQHHPEDUH�VWRIIHQ�RYHUKRXG��ZDDUGRRU�
KHW�ZDWHU�ODQJHU�LQ�DDQUDNLQJ�PRHW�]LMQ�PHW�GH�JHPDOHQ�NRIÀH�RP�GH�VXLNHUV�RS�WH�QHPHQ��
7HJHQZRRUGLJ�LV�GH�,GURFRPSUHVVRU�ZHHU�SRSXODLU��RPGDW�GH�EDULVWL�JUDDJ�KXQ�YDNPDQVFKDS�
ZLOOHQ�WRQHQ��$IEHHOGLQJ�����ODDW�HHQ�.HHV�YDQ�GHU�:HVWHQ�,GURFRPSUHVVRU�'XHWWH�ZHHU�

3.2.4 IDROCOMPRESSOR

1 zie bronnenlijst, bron 1.8
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DE MIRAGE

1 zie bronnenlijst, bron 1.9

$IEHHOGLQJ������'H�.HHV�YDQ�GHU�:HVWHQ�0LUDJH�,GURFRPSUHVVRU1  
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KEES VAN DER WESTEN

'H�QXOPHWLQJ�LV�JHGDDQ�RP�LQ]LFKW�WH�NULMJHQ�LQ�KRH�GH�ZDWHUWHPSHUDWXXU�GRRU�GH�PDFKLQH�
KHHQ�ÁXFWXHHUW��+LHUELM�LV�YRRUDO�GH�RYHUJDQJ�YDQ�UXVW�QDDU�JHEUXLN�KHW�EHODQJULMNVW��RPGDW�
GH�PDFKLQH�KLHU�YDQ�WRHVWDQG�YHUDQGHUG��,Q�GH]H�QXOPHWLQJ�JDDW�RQGHU]RFKW�ZRUGHQ�ZDW�
HU�JHEHXUW�WLMGHQV�YHUVFKLOOHQGH�OHQJWHV�UXVW��2RN�LV�KHW�EHODQJULMN�RP�WH�EHNLMNHQ�ZDW�GH�
WHPSHUDWXXU�YDQ�KHW�XLWNRPHQGH�ZDWHU�WLMGHQV�KHW�VKRW�LV�HQ�KRHYHHO�GLW�ÁXFWXHHUW��+LHU�]XOOHQ�
DOOHHQ�GH�EHODQJULMNVWH�FRQFOXVLHV�JHSUHVHQWHHUG�ZRUGHQ��(HQ�PHHU�YROOHGLJH�XLWOHJ�HQ�PHHU�
PHHWUHVXOWDWHQ�NXQQHQ�LQ�KHW�RQGHU]RHNVUDSSRUW��KRRIGVWXN���²�'H�QXOPHWLQJ��RSJH]RFKW�
ZRUGHQ��9RRU�GH�PHWLQJHQ�LV�WHONHQV�HHQ�YDVW�SURWRFRO�JHYROJG��GH]H�VWDDW�LQ�KRRIGVWXN���
YDQ�KHW�RQGHU]RHNVUDSSRUW��9RRU�GH�PHWLQJHQ�LV�JHEUXLN�JHPDDNW�YDQ�YDVWH�PHHWSXQWHQ��LQ�
KRRIGVWXN���YDQ�KHW�RQGHU]RHNVUDSSRUW�LV�XLWJHOHJG�ZDDU�GH]H�JHSODDWVW�HQ�KRH�GH]H�EHYHVWLJG�
]LMQ�

(HUVW�LV�RQGHU]RFKW�RI�GH�PHWLQJHQ�KHUKDDOEDDU�]LMQ��GLW�ZRUGW�JHGDDQ�GRRU�WH�NLMNHQ�RI�
YHUVFKLOOHQGH�PHWLQJHQ�RQGHU�GH]HOIGH�RPVWDQGLJKHGHQ�GH]HOIGH�XLWNRPVWHQ�JHYHQ��+LHUXLW�
NDQ�JHFRQFOXGHHUG�ZRUGHQ�KRH�SUHFLHV�GH�PHHWUHVXOWDWHQ�]LMQ��+LHUELM�ZRUGHQ�GH�PHWLQJHQ�
GRRU�GH]HOIGH�SHUVRRQ��PHW�GH]HOIGH�PHWKRGH��PHW�GH]HOIGH�PHHWDSSDUDWXXU�RS�GH]HOIGH�
GDJ�XLWJHYRHUG��1RUPDDO�ZRUGW�RRN�RS�UHSURGXFHHUEDDUKHLG�JHWHVW��PDDU�RPGDW�GLW�HHQ�
LQGLYLGXHOH�RSGUDFKW�LV��LV�GLW�QLHW�YHUGHU�RQGHU]RFKW��%HODQJULMN�LV�RP�ELM�HONH�PHWLQJ�DI�WH�
YUDJHQ�RI�GDW�UHVXOWDDW�RRN�YHUZDFKW�ZDV��KLHUPHH�NDQ�JHWHVW�ZRUGHQ�RI�GH�PHHWSXQWHQ�
JHHQ�UDUH�PHHWJHJHYHQV�GRRUJHYHQ��+LHUQD�ZRUGW�GH�WHPSHUDWXXU�GRRU�GH�PDFKLQH�KHHQ�
JHVLPXOHHUG��ZDDUGRRU�VQHO�HQ�RYHU]LFKWHOLMN�GH�DDQGDFKWVSXQWHQ�YDQ�GH�PDFKLQH�WH�]LHQ�
]LMQ��'H�WZHH�RQGHUGHOHQ�YDQ�GH�0LUDJH�GLH�PHHU�DDQGDFKW�YHUHLVHQ�]LMQ�GH�PHVVLQJ���ZHJ�
NOHS��RI�JURHSVNOHS��HQ�KHW�FURVVÁRZ�V\VWHHP�ELM�GH�RQGHUVWH�EDMRQHW��9HUYROJHQV�]DO�RRN�GH�
FRQVWDQWKHLG�YDQ�GH�VKRWV�RQGHU]RFKW�ZRUGHQ�

� DE NULMETING
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2P�DDQ�WH�NXQQHQ�WRQHQ�KRH�QDXZNHXULJ�GH�PHHWUHVXOWDWHQ�]LMQ�PRHW�EHZH]HQ�ZRUGHQ�GDW�GH�
UHVXOWDWHQ�KHUKDDOEDDU�]LMQ��$OOHHQ�DOV�GLW�KHW�JHYDO�LV�PRJHQ�HU�FRQFOXVLHV�XLW�GH�PHHWUHVXOWDWHQ�
JHWURNNHQ�ZRUGHQ��2P�GLW�WH�EHZLM]HQ�PRHWHQ�VKRWV�YDQ�YHUVFKLOOHQGH�PRPHQWHQ�YHUJHOHNHQ�
ZRUGHQ�HQ�GDDUXLW�DDQJHWRRQG�ZRUGHQ�GDW�GH]H�YULMZHO�GH]HOIGH�PHHWUHVXOWDWHQ�JHYHQ�

4.1 HERHAALBAARHEID

DE NULMETING

*UDÀHN�������:DWHUWHPSHUDWXXU�ELM�GH�RQGHUVWH�EDMRQHW�XLWJH]HW�WHJHQ�GH�WLMG

$IEHHOGLQJ�����ODDW�GH�WHPSHUDWXXU�LQ�GH�PDFKLQH�QD����PLQXWHQ�UXVW�]LHQ��'H]H�VLPXODWLH�LV�
RSJHVWHOG�DDQ�GH�KDQG�GH�ZDDUGHQ�YDQ���PHHWSXQWHQ�YHUGHHOG�RYHU�GH�PDFKLQH��,Q�KRRIGVWXN�
����YDQ�GH�ELMODJH�]LMQ�GH�ZDDUGHQ�YDQ�DO�GH]H�SXQWHQ�JHJHYHQ��8LW�GH�VLPXODWLH�NRPHQ�
WZHH�DDQGDFKWSXQWHQ�QDDU�YRUHQ��'H�PHVVLQJ���ZHJ�NOHS�����HQ�KHW�FURVVÁRZ�V\VWHHP�LQ�
GH�RQGHUVWH�EDMRQHW������'H]H�WZHH�SXQWHQ�]XOOHQ�LQ�GH�YROJHQGH�WZHH�SDUDJUDIHQ�YHUGHU�
RQGHU]RFKW�ZRUGHQ��9HUGHU�LV�WH�]LHQ�GDW�KHW�WKHUPRVLIRQ�V\VWHHP�]LMQ�ZHUN�JRHG�GRHW�

4.2 TEMPERATUURSIMULATIE
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DE NULMETING

$IEHHOGLQJ�������6LPXODWLH�YDQ�GH�WHPSHUDWXXU�LQ�GH�PDFKLQH�WLMGHQV�VWLOVWDQG

8LW�GH�WHPSHUDWXXUVLPXODWLH�EOHHN�GDW�GH�PHVVLQJ���ZHJ�NOHS��ZDW�HHQ�JRHGH�
ZDUPWHJHOHLGEDDUKHLG�LV��WLMGHQV�VWLOVWDQG�WRW�ZHO�����&��]LH�RQGHU]RHNVUDSSRUW�²�KRRIGVWXN�
�������DINRHOW��'LW�KHHIW�WRW�JHYROJ�GDW�KHW�ZDWHU�GH�HHUVWH����VHFRQGH�YDQ�KHW�HHUVWH�VKRW�
JHPLGGHOG�����&��]LH�RQGHU]RHNVUDSSRUW�²�KRRIGVWXN��������YHUOLHVW�DDQ�GH�NOHS��'H]H�
WHPSHUDWXXUYHUOLHV�LV�ELM�KHW��H�VKRW�DO�JHGDDOG�WRW�JHPLGGHOG������&�RYHU�GLH]HOIGH�HHUVWH����
VHFRQGH��*UDÀHN�����ODDW�GLW�RRN�]LHQ��KLHUELM�LV�GH�RUDQMH�OLMQ�KHW��H�VKRW�RP��������7LMGVWLS���LV�
LQ�GLW�JHYDO�KHW�EHJLQ�YDQ�KHW�VKRW�

4.3 DE 3-WEG-KLEP

*UDÀHN�������7HPSHUDWXXUYHUOLHV�YDQ�KHW�ZDWHU�WLMGHQV�GH�
1e 10 seconde van het shot na de aangegeven tijd rust
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4.4 CROSSFLOW BIJ DE ONDERSTE BAJONET

%LM�GH�WHPSHUDWXXUVLPXODWLH�NZDP�QDDU�YRUHQ�GDW�QDDU�GLW�SXQW�ZDW�H[WUD�DDQGDFKW�
QRGLJ�KDG��%LM�GLW�SXQW�LQ�GH�PDFKLQH�NUXLVHQ�KHW�NRXGH�ZDWHU��ZDW�XLW�GH�NUDDQ�NRPW�HQ�
GH�ZDUPWHZLVVHODDU�YXOW��KHW�ZDUPH�ZDWHU��ZDW�WLMGHQV�KHW�JHEUXLN�YDQ�GH�PDFKLQH�GH�
ZDUPWHZLVVHODDU�YHUODDW�HQ�ULFKWLQJ�KHW�JURHSVKRRIG�JDDW��+HW�GRHO�KLHUYDQ�LV�GDW�KHW�NRXGH�
ZDWHU�KHW�ZDUPH�ZDWHU�ZDW�DINRHOW�HQ�VWDELOLVHHUW��]LH�KRRIGVWXN�����YDQ�GH�ELMODJH���8LW�GH�
VLPXODWLH�LV�DO�WH�]LHQ�GDW�KHW�NRXGH�ZDWHU�WLMGHQV�VWLOVWDQG�VQHO�RSZDUPW��,Q�ELMODJH�KRRIGVWXN�
������LV�WH�]LHQ�GDW�QD�����VHFRQGH�UXVW�KHW�ZDWHU�DO�PHW�����&�LV�RSJHZDUPG��'LW�KHHIW�LQYORHG�
RS�KHW�NRHOHQGH�HIIHFW�YDQ�KHW�ZDWHU��YHUGHU�LV�GH�WHPSHUDWXXU�YDQ�KHW�NRHOHQGH�ZDWHU�QX�KHHO�
RQYRRUVSHOEDDU��RPGDW�GLW�JHGXUHQGH�GH�WLMG�HUJ�YDULHHUW��7LMGVWLS���LV�LQ�GLW�JHYDO�KHW�EHJLQ�YDQ�
KHW�VKRW�

DE NULMETING

*UDÀHN�����ODDW�]LHQ�ZDW�GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�ELM�PHHWSXQW�%��YODN�YRRUGDW�KHW�GH�
ZDUPWHZLVVHODDU�LQJDDW��LV��+LHUELM�LV�GXLGHOLMN�WH�]LHQ�GDW�GLW�JHGXUHQGH����VKRWV�DFKWHU�HONDDU�
VWHHGV�PHHU�DIQHHPW��+LHUELM�ZRUGW�WXVVHQ�GH�VKRWV�WHONHQV����VHFRQGH�UXVW�JHQRPHQ��+HW�
WHPSHUDWXXUYHUVFKLO�WXVVHQ�GH�VKRWV�ZRUGW�ZHO�NOHLQHU��GH����&�YHUVFKLO�WXVVHQ�KHW��H�HQ���H�
VKRW�ZRUGW�GRRU�GH�UHVW�YDQ�GH�PDFKLQH�ZHON�UHGHOLMN�RSJHYDQJHQ��PDDU�GLW�YRRUNRPHQ�]DO�GH�
VKRWV�QRJ�PHHU�WHQ�JRHGH�NRPHQ�

*UDÀHN�������7HPSHUDWXXU�YDQ�KHW�NRXGH�ZDWHU�WLMGHQV�HON�VKRW
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'H]H�SDUDJUDDI�EHKDQGHOG�XLWHLQGHOLMN�KHW�EHODQJULMNVWH�RQGHUGHHO�YDQ�GH�PDFKLQH��+LHUELM�
ZRUGW�GH�FRQVWDQWKHLG�YDQ�GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�ZDW�RS�KHW�NRIÀHEHG�NRPW�
EHKDQGHOG��'LW�LV�XLWHLQGHOLMN�KHW�ZDWHU�ZDDU�GH�NRIÀH�YDQ�EHUHLG�ZRUGW�HQ�ZDDU�GH�
HLQGJHEUXLNHU�RRN�KHW�PHHVWH�ZDDUGH�DDQ�KHFKW��+RH�FRQVWDQWHU�GH]H�WHPSHUDWXXU�LV��
RQJHDFKW�GH�UXVW�HUYRRU�HQ�KHW�KRHYHHOVWH�VKRW�LQ�GH�UHHNV��KRH�FRQVWDQWHU�GH�NZDOLWHLW�YDQ�
GH�NRIÀH�JHGXUHQGH�HHQ�GDJ�LV��-H�]DO�GH�FRQVWDQWVWH�VKRWV�PRJHQ�YHUZDFKWHQ�YDQ�GH�VLWXDWLH�
ZDDULQ�HU�HHQ����FF�ÁXVK�LV�JHZHHVW�YRRUGDW�GH�VKRWUHHNV�EHJLQW��RPGDW�GH�PDFKLQH�KLHU�KHHIW�
NXQQHQ�RSZDUPHQ�YRRUGDW�KHW�VKRW�EHJLQW��=RDOV�JUDÀHN�����ODDW�]LHQ�LV�GLW�QLHW�KHW�JHYDO��'H�
WHPSHUDWXXUÁXFWXDWLH�WLMGHQV�KHW�VKRW�ELHG�UXLPWH�YRRU�YHUEHWHULQJ�

4.5 CONSTANTHEID VAN DE SHOTS

DE NULMETING

'H�QXOPHWLQJ�JHHIW�DDQ�GDW�HU�WZHH�SOHNNHQ�LQ�GH�PDFKLQH�]LMQ�GLH�ZDW�H[WUD�DDQGDFKW�QRGLJ�
KHEEHQ��GLW�]LMQ�GH���ZHJ�NOHS�HQ�KHW�FURVVÁRZ�V\VWHHP��(HUVW�]DO�JHSUREHHUG�ZRUGHQ�RP�GH�
JURHSVNOHS�PLQGHU�WH�ODWHQ�DINRHOHQ��ZDDUGRRU�KLM�PLQGHU�HQHUJLH�XLW�KHW�ZDWHU�DEVRUEHHUW��
ZDDUGRRU�KHW�ZDWHU�PLQGHU�LQ�WHPSHUDWXXU�GDDOW��$OV�KLHU�HHQ�RSORVVLQJ�YRRU�LV�JHYRQGHQ�
ZDDUELM�KHW�ZDWHU�]R�PLQ�PRJHOLMN�HQ�]R�FRQVWDQW�PRJHOLMN�ZDUPWH�YHUOLHVW��]DO�ZRUGHQ�
RQGHU]RFKW�KRH�KHW�ZDWHU�YHUGHU�]R�FRQVWDQW�PRJHOLMN�GH�PDFKLQH�NDQ�YHUODWHQ��+LHUELM�PRHW�
JHSUREHHUG�ZRUGHQ�KHW�RQYRRUVSHOEDUH�FURVVÁRZ�V\VWHHP�PLQGHU�EHODQJULMN�YRRU�KHW�VKRW�
JHPDDNW�ZRUGHQ��'H]H�RQYRRUVSHOEDDUKHLG�NRPW�RRN�YDQ�DQGHUH�DINRHOHQGH�RQGHUGHOHQ�LQ�
GH�PDFKLQH��GDDURP�ZRUGW�HHQ�WRWDDO�QLHXZH�WHFKQLHN�RQGHU]RFKW��ZDDUELM�KHW�ZDWHU�SDV�YODN�
YRRU�KHW�JURHSVKRRIG�JHPHQJG�ZRUG�GRRU�FRQVWDQW�ZDUP�HQ�NRXG�ZDWHU��+HW�ZDUPH�ZDWHU�
ZRUGW�ERYHQ�XLW�GH�ZDUPWHZLVVHODDU�JHKDDOG��+HW�NRXGH�ZDWHU�NRPW�GLUHFW�XLW�GH�NUDDQ�

*UDÀHN�������7HPSHUDWXXU�YDQ�KHW�ZDWHU�ZDW�XLW�GH�PDFKLQH�NRPW�PHW�HHQ����FF�ÁXVK

4.6 CONCLUSIE
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KEES VAN DER WESTEN

8LW�GH�QXOPHWLQJ�EOLMNW�GDW�YLD�GH���ZHJ�NOHS�YHHO�ZDUPWH�YHUORUHQ�JDDW��+LHUGRRU�]LMQ�GH�HHUVWH�
VKRWV�XLW�GH�PDFKLQH�QDGDW�GH]H�HHQ�WLMG�QLHW�JHEUXLNW�LV�RQYRRUVSHOEDDU��,Q�GLW�KRRIGVWXN�]XOOHQ�
KLHUYRRU�GULH�YHUVFKLOOHQGH�RSORVVLQJHQ�RSJHGUDJHQ�ZRUGHQ��(HUVW�ZRUGHQ�GH�RSORVVLQJHQ�
XLWJHOHJG��ZDDUQD�NRUW�GH�PHHWUHVXOWDWHQ�EHKDQGHOG�ZRUGHQ��9HUGHUH�PHHWUHVXOWDWHQ�NXQQHQ�
LQ�KHW�RQGHU]RHNVUDSSRUW��KRRIGVWXN���²�'H���ZHJ�NOHS��RSJH]RFKW�ZRUGHQ��,Q�KHW�YRULJH�
KRRIGVWXN�LV�JHPHOG�GDW�RRN�KHW�RSJHZDUPGH�ZDWHU�ZDW�GH�ZDUPWHZLVVHODDU�LQJDDW�LQYORHG�RS�
GH�RQYRRUVSHOEDDUKHLG�YDQ�GH�VKRWV�KDG��PDDU�GDW�ZRUGW�LQ�GLW�KRRIGVWXN�QLHW�EHKDQGHOG�

� DE 3-WEG-KLEP
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,Q�GH�QXOPHWLQJ�LV�DO�DDQJHWRRQG�GDW�GH���ZHJ�NOHS�DINRHOW��%HODQJULMN�LV�RP�WH�ZHWHQ�
ZDDUDDQ�KLM�]LMQ�ZDUPWH�YHUOLHVW��'H���ZHJ�NOHS�YDQ�PHVVLQJ�ZDW�ELM�����&�HHQ�WKHUPLVFKH�
JHOHLGEDDUKHLG�KHHIW��������:��P��.���]LH�KRRIGVWXN�������YDQ�GH�ELMODJH���'H]H�PHVVLQJ�
��ZHJ�NOHS�LV�PHW�GH�UHVW�YDQ�GH�PDFKLQH�YHUERQGHQ�GRRUPLGGHO�YDQ�NRSHUHQ�EXL]HQ��.RSHU�
KHHIW�ELM�����&�HHQ�ELMQD�����NHHU�KRJHUH�WKHUPLVFKH�JHOHLGEDDUKHLG��QDPHOLMN��������:��P��.��
�]LH�KRRIGVWXN�������YDQ�GH�ELMODJH���:DW�EHWHNHQG�GDW�HU�WZHH�GLQJHQ�JHEHXUHQ��$OOHUHHUVW�ORRSW�
HU�JHHQ�ZDUP�ZDWHU�PHHU�GRRU�GH�NOHS��ZDDUGRRU�KHW�PHVVLQJ��YHUGHU�GDQ�KHW�DDQKHFKWSXQW�
PHW�GH�NRSHUHQ�EXL]HQ���QLHW�PHHU�RSJHZDUPG�ZRUGW��:HO�KHHIW�KHW�PHVVLQJ�QRJ�ZDUPWH��QD�
HHQ�VKRW�RQJHYHHU�����&��]LH�KRRIGVWXN�������YDQ�GH�ELMODJH���GH�OXFKW�RP�GH���ZHJ�NOHS�LV�HHQ�
VWXN�NRXGHU��QDPHOLMN�����&��]LH�KRRIGVWXN�����YDQ�GH�ELMODJH���'H���ZHJ�NOHS�JDDW�GXV�GRRU�
FRQYHFWLH�]LMQ�ZDUPWH�DIVWDDQ�DDQ�GH�OXFKW�HURPKHHQ��:DW�HU�WHQ�WZHHGH�JHEHXUG�LV�GDW�GH�
NRSHUHQ�EXL]HQ�GLH�QLHW�PHHU�ZDUP�JHKRXGHQ�ZRUGHQ��RPGDW�HU�RRN�JHHQ�ZDUP�ZDWHU�PHHU�
GRRUKHHQ�VWURRPW��YLD�FRQGXFWLH�ZDUPWH�YDQ�GH���ZHJ�NOHS�RYHUQHPHQ�

DE 3-WEG-KLEP
5.1 TEMPERATUURVERLIES

$IEHHOGLQJ�������6FKHPDWLVFKH�WHNHQLQJ�YDQ�GH���ZHJ�NOHS

,Q�GH]H�SDUDJUDDI�ZRUGHQ�GH�GULH�RQGHU]RFKWH�RSORVVLQJHQ�EHKDQGHOG��'H�HHUVWH�RQGHU]RFKWH�
RSORVVLQJ�LV�GH�PHVVLQJ�JURHSVNOHS�GLH�YHUERQGHQ�LV�PHW�KHW�JURHSVKRRIG��9HUYROJHQV�LV�
HHQ�JHwVROHHUGH�PHVVLQJNOHS�RQGHU]RFKW�HQ�DOV�ODDWVWH�LV�HU�HHQ�596�NOHS�EHNHNHQ��9HUGHUH�
LQIRUPDWLH�RYHU�GH�NOHSSHQ�NDQ�LQ�ELMODJH�KRRIGVWXN���JHYRQGHQ�ZRUGHQ�

5.2 DE DRIE MOGELIJKE OPLOSSINGEN

2P�WH�YRRUNRPHQ�GDW�GH�PHVVLQJ���ZHJ�NOHS�DINRHOW�NDQ�KLM�DFWLHI�ZDUP�JHKRXGHQ�ZRUGHQ��
(HQ�RQGHUGHHO�LQ�GH�EHVWDDQGH�PDFKLQH�GDW�DFWLHI�RS�WHPSHUDWXXU�JHKRXGHQ�ZRUGW�LV�KHW�
JURHSVKRRIG��ZDQW�GLH�ZRUGW�GRRU�KHW�WKHUPRVLIRQ�V\VWHHP�URQG�GH�����&�JHKRXGHQ��GLH�
WHPSHUDWXXU�LV��RQGHU�DQGHUH���DIKDQNHOLMN�YDQ�GH�GRRUODDW�YDQ�KHW�VWXZWMH�LQ�GH�ERYHQVWH�
EDMRQHW���'RRU�GH�YRUP�YDQ�GH�PDFKLQH�NDQ�GH�JURHSVNOHS�QLHW�PHWHHQ�DFKWHU�GH�JURHS�
JHSODDWVW�ZRUGHQ��GXV�GDDURP�LV�HU�HHQ�PHVVLQJ�YHUELQGVWXN�WXVVHQ�GH�JURHSVNOHS�HQ�KHW�
JURHSVKRRIG�DDQJHEUDFKW��2S�DIEHHOGLQJ�����LV�WH�]LHQ�KRH�GH�FRQVWUXFWLH�HUXLW]DJ�

5.2.1 VERBONDEN MESSING GROEPSKLEP



KEES VAN DER WESTEN30

2P�GH�PHVVLQJ���ZHJ�NOHS�PLQGHU�DI�WH�ODWHQ�NRHOHQ�LV�GH�JURHSVNOHS�JHwVROHHUG��'LW�LV�JHGDDQ�
GRRU�HHQ�GLNNH�ODDJ�SRO\XUHWKDDQVFKXLP��385�VFKXLP���+HW�385�VFKXLP�]RUJW�HUYRRU�GDW�HU�
VWLOVWDDQGH�OXFKW��WKHUPLVFKH�JHOHLGEDDUKHLG�YDQ��������:��P.��]LH�KRRIGVWXN�����YDQ�GH�
ELMODJH���URQG�GH�JURHSVNOHS�]LW��+HW�QDGHHO�LV�GDW�GH�JURHSVNOHS�QDWXXUOLMN�QRJ�ZHO�ZDUPWH�
DIVWDDW�DDQ�GH�RQGHUGHOHQ�GLH�PHW�KHP�YHUERQGHQ�]LMQ��$IEHHOGLQJHQ�����HQ�����JHYHQ�ZHHU�KRH�
GH]H�LVRODWLH�HUXLW�]DJ�

DE 3-WEG-KLEP

$IEHHOGLQJ�������+HW�JURHSVKRRIG�PHW�KHW�PHVVLQJ�YHUELQGVWXN�HQ�GH�PHVVLQJ�JURHSVNOHS

5.2.2 GEÏSOLEERD MESSING GROEPSKLEP

$IEHHOGLQJ�������'H�PHW�385�JHwVROHHUGH�
PHVVLQJ���ZHJ�NOHS

$IEHHOGLQJ�������=LMDDQ]LFKW�YDQ�GH�385�
JHwVROHHUGH�PHVVLQJ���ZHJ�NOHS
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(U�LV�RRN�JHWHVW�PHW�HHQ�JURHSVNOHS�ZDDUYDQ�KHW�PDWHULDDO�HHQ�ODJHUH�WKHUPLVFKH�
JHOHLGEDDUKHLG�KHHIW��'H�WKHUPLVFKH�JHOHLGEDDUKHLG�YDQ�PHVVLQJ�LV��������:��P.��ELM�����
.��HQ�GLH�YDQ�596�LV�������:��P.��ELM�����.��]LH�KRRIGVWXN�������HQ�������YDQ�GH�ELMODJH���
'H�JHOHLGEDDUKHLG�YDQ�596�LV�GXV�RQJHYHHU�WLHQ�NHHU�NOHLQHU��GH�YHUZDFKWLQJ�LV�GDDURP�GDW�GH�
JURHSVNOHS�DOOHUHHUVW�PLQGHU�VQHO�DINRHOW�HQ�YHUYROJHQV�PLQGHU�ZDUPWH�YDQ�KHW�ZDWHU�ZDW�
HUGRRUKHHQ�ORRSW�DEVRUEHHUW�

'H�OHYHUDQFLHU��3DUNHU��OHYHUW�ZHO�$L6L����596���ZHJ�NOHSSHQ��PDDU�ELM�.HHV�YDQ�GHU�:HVWHQ�
JHEUXLNHQ�]H�YRRU�DQGHUH�PDFKLQHV�DO�596�ÁHQVNOHSSHQ�GLH�VDPHQ�PHW�HHQ�596�ÁHQV��]LH�
DIEHHOGLQJ������WRW�HHQ���ZHJ�NOHS�XLWJHEUHLG�NDQ�ZRUGHQ��2S�DIEHHOGLQJ�����LV�WH�]LHQ�KRH�GH]H�
��ZHJ�NOHS�HUXLW�]LHW�

DE 3-WEG-KLEP
5.2.3 RVS GROEPSKLEP

$IEHHOGLQJ�������+HW�596�XLWEUHLGVWXN $IEHHOGLQJ�������'H�JHEUXLNWH�596�
��ZHJ�NOHS

$OOHUHHUVW�LV�KHW�EHODQJULMN�RP�WH�NLMNHQ�KRHYHHO�WHPSHUDWXXU�HONH�VHW�XS�YHUOLHVW�DOV�GH�
PDFKLQH�YRRU�ODQJHUH�WLMG�QLHW�JHEUXLNW�ZRUGW��,Q�JUDÀHN�����LV�WH�]LHQ�GDW�GH�RXGH�VLWXDWLH��
ZDDUELM�GH�PHVVLQJ�JURHSVNOHS�JHZRRQ�ORV�KLQJ�LQGHUGDDG�GH�PHHVWH�ZDUPWH�YHUOLHVW��,Q�GLW�
ÀJXXU�LV�GH�WHPSHUDWXXUDIQDPH�WHQ�RS]LFKWH�YDQ�GH�WHPSHUDWXXU�YDQ�GH�JURHSVNOHS�ELM�KHW�
EHJLQ�YDQ�GH�UXVW�XLWJH]HW��'LW�KRXG�LQ�GDW�GH�PDFKLQH����PLQXWHQ�QLHW�JHEUXLNW�ZRUGW��9RRU�GH�
���PLQXWHQ�UXVW�]LMQ�ELM�DOOH�PHWLQJHQ�HHUVW���VKRWV�JH]HW��

'H�JHwVROHHUGH�PHVVLQJ�JURHSVNOHS�YHUOLHVW�LHWV�PLQGHU�VQHO�]LMQ�ZDUPWH�HQ�EOLMIW�ODQJ�JHPLGGHOG�
���&�ZDUPHU�GDQ�GH�RULJLQHOH�JURHSVNOHS��8LWHLQGHOLMN�YHUOLHVW�KLM�WRFK�ELMQD�HYHQYHHO�ZDUPWH�
DOV�GH�RULJLQHOH�JURHSVNOHS��'LW�LV�KRRJVW�ZDDUVFKLMQOLMN�WH�YHUNODUHQ�DDQ�KHW�IHLW�GDW�KHW�385�
VFKXLP�GH�PHVVLQJ�JURHSVNOHS�ZHO�LHWV�LVROHHUW��PDDU�GDW�KLM�XLWHLQGHOLMN�WRFK�]LMQ�ZDUPWH�DDQ�
GH�NRSHUHQ�EXL]HQ�DIJHHIW��'H�596�JURHSVNOHS�YHUOLHVW�EHGXLGHQG�PLQGHU�VQHO�]LMQ�ZDUPWH�DOV�
GH�PHVVLQJ�NOHSSHQ��PDDU�YHUOLHVW�XLWHLQGHOLMN�WRFK�PHHU�ZDUPWH�GDQ�GH�YHUERQGHQ�JURHSVNOHS��
:HO�PRHW�LQ�KHW�DFKWHUKRRIG�JHKRXGHQ�ZRUGHQ�GDW�GH�PD[LPDOH�WHPSHUDWXXU�YDQ�GH�596�
JURHSVNOHS�ODJHU�OLJW��QDPHOLMN�RQJHYHHU�����&�WHQ�RS]LFKWH�YDQ�GH�����&�YDQ�GH�PHVVLQJ�
NOHSSHQ��'LW�LV�WHUXJ�WH�OH]HQ�LQ�KRRIGVWXN�����YDQ�GH�ELMODJH��2RN�LV�WH�]LHQ�GDW�GH�FXUYH�YDQ�GH�
YHUERQGHQ�JURHSVNOHS�YODNNHU�LV��GLW�KRXG�LQ�GDW�KLM�QRJ�VWHHGV�HYHQ�VQHO�DINRHOW��PDDU�GDDUQD�
VQHOOHU�HHQ�VWDELHOH�WHPSHUDWXXU�KHHIW�JHYRQGHQ��'H]H�WHPSHUDWXXU�LV�RRN�ZDUPHU�GDQ�GLH�YDQ�
GH�DQGHUH�VLWXDWLHV�

5.3 DE AFKOELSNELHEID

2P�XLW�WH�YLQGHQ�RI�GH]H�596�NOHS�YRRU�YHUEHWHULQJHQ�]RUJW�LV�HU�QHW�DOV�ELM�GH�PHVVLQJ�
JURHSVNOHS�HHQ�KHOH�GDJ�JHPHWHQ��+HW�ORJERHN�KLHUYDQ�LV�LQ�ELMODJH�KRRIGVWXN���WH�YLQGHQ�
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DE 3-WEG-KLEP
+HW�IHLW�GDW�GH�JURHSVNOHS�DINRHOW�EHWHNHQG�GH�PHVVLQJ�YHUELQGLQJ�WXVVHQ�KHP�HQ�KHW�
JURHSVKRRIG�WRFK�DINRHOW��'RRU�HHQ�EHWHU�YHUELQGLQJ�]DO�GLW�YRRUNRPHQ�NXQQHQ�ZRUGHQ��,Q�
HHQ�LGHDOHUH�VLWXDWLH�]DO�GH�YHUERQGHQ�JURHSVNOHS�QLHW�DINRHOHQ��$DQJH]LHQ�GLW�QLHW�KHW�JHYDO�LV��
PDDU�KLM�ZHO�PLQGHU�DINRHOW�GDQ�LQ�GH�DQGHUH�VLWXDWLHV�NXQQHQ�GH�FRQFOXVLHV�GLH�XLW�KHW�YHUYROJ�
YDQ�KHW�RQGHU]RHN�JHWURNNHQ�ZRUGHQ�ZHO�JHEUXLNW�ZRUGHQ��2SPHUNHOLMN�LV�RP�WH�]LHQ�GDW�
YODN�YRRU�KHW�HLQG�YDQ�GH����PLQXWHQ�GH�OLMQ�YDQ�GH�JHwVROHHUGH�JURHSVNOHS�LQHHQV�RPKRRJ�
JDDW��ZDW�GXV�LQKRXG�GDW�KLM�LQHHQV�VQHOOHU�DINRHOW��2PGDW�ZHO�GXLGHOLMN�LV�GDW�GLW�JHHQ�RSORVVLQJ�
YRRU�KHW�SUREOHHP�JHHIW�LV�GLW�QLHW�YHUGHU�RQGHU]RFKW��9RRU�YHUGHUH�HQ�SUHFLH]HUH�GDWD��]LH�
RQGHU]RHNVUDSSRUW�KRRIGVWXN������,Q�JUDÀHN�����LV�GH�PHVVLQJ�NOHS�GH�RULJLQHOH�VLWXDWLH�

*UDÀHN�������9HUORUHQ�DDQWDO�JUDGHQ�WHQ�RS]LFKWH�YDQ�GH�EHJLQ�WHPSHUDWXXU�RYHU����PLQXWHQ

,Q�GH]H�SDUDJUDDI�ZRUGW�HHUVW�JHNHNHQ�QDDU�GH�KRHYHHOKHLG�ZDUPWH�GLH�GH�YHUVFKLOOHQGH�
NOHSSHQ�DEVRUEHUHQ�HQ�YHUYROJHQV�ZDW�GH�WHPSHUDWXXU�YDQ�GH�VKRWV�GDQ�LV�DOV�]H�XLW�GH�
PDFKLQH�NRPHQ��+LHUELM�ZRUGHQ�HONH�NHHU�GH��VWH���VKRWV�EHNHNHQ�YRRU�HONH�JURHSVNOHS�QD�GH�
YHUVFKLOOHQGH�ÁXVK�JURRWWHV�HQ�HONH�NHHU�QD����PLQ�UXVW��

5.4 INVLOED OP DE SHOTS 
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DE 3-WEG-KLEP

+LHULQ�LV�JRHG�WH�]LHQ�GDW�GH�YHUERQGHQ�JURHSVNOHS�KHW�PLQVWH�HQHUJLH�DEVRUEHHUW�HQ�RRN�
GRRU�HHQ�FRQVWDQWHUH�DEVRUSWLH�YRRU�HHQ�FRQVWDQWHU�VKRW�]RUJW��,Q�KRRIGVWXN�����YDQ�KHW�
RQGHU]RHNVUDSSRUW�ZRUGW�GLW�XLWJHEUHLGHU�XLWJHOHJG�

,Q�GH]H�SDUDJUDDI�ZRUGW�EHNHNHQ�KRHYHHO�HQHUJLH�HONH�DIJHNRHOGH�JURHSVNOHS�QD����PLQXWHQ�
DINRHOHQ�XLW�KHW�ZDWHU�ZDW�HU�GRRUKHHQ�ORRSW�WLMGHQV�KHW��VWH�VKRW�DEVRUEHHUW��+LHUELM�ZRUGHQ�
GH�YHUVFKLOOHQGH�KRHYHHOKHGHQ�ÁXVK�RQGHU]RFKW��(HQ�ÁXVK�]RUJW�HU�YRRU�GDW�GH�JURHSVNOHS�DO�
ZDW�NDQ�RSZDUPHQ��ZDDUGRRU�KLM�PLQGHU�HQHUJLH�XLW�KHW�ZDWHU�KDDOW�ZDW�EHGRHOG�LV�YRRU�GH�
VKRWV��,Q�ELMODJH�KRRIGVWXN�������LV�GH�WHPSHUDWXXU�YDQ�GH�JURHSVNOHS�WH�]LHQ�DDQ�KHW�EHJLQ�YDQ�
HON�RQGHU]RFKW�VKRW��,Q�JUDÀHN�����LV�WH�]LHQ�ZDW�KHW�WHPSHUDWXXU�LQ�KHW�H[WUHHPVWH�JHYDO�LV��
'LW�LV�HHQ�VKRW�]RQGHU�HHQ�ÁXVK�YRRUDIJDDQG��+LHUELM�ZRUGW�KHW�WHPSHUDWXXUYHUVFKLO�WXVVHQ�KHW�
PHHWSXQW�YRRU�HQ�QD�GH���ZHJ�NOHS�ZHHUJHJHYHQ��GLW�LV�GXV�GH�WHPSHUDWXXU�GLH�KHW�ZDWHU�DDQ�
GH�NOHS�YHUORUHQ�LV�

5.4.1 TEMPERATUUR ABSORPTIE KLEPPEN

*UDÀHN�������7HPSHUDWXXUYHUOLHV�YDQ�KHW�ZDWHU�ELM�JHHQ�ÁXVK�XLWJH]HW�WHJHQ�GH�WLMG
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DE 3-WEG-KLEP

,Q�JUDÀHN�����]LMQ�GH�HHUVWH�VKRWV�QD�HHQ����FF�ÁXVK�ZHHUJHJHYHQ��'H]H�VLWXDWLH�JDI�GH�
GXLGHOLMNVWH�XLWNRPVW�RYHU�ZDW�GH�LQYORHG�YDQ�GH�NOHSSHQ�RS�GH�ZDWHUWHPSHUDWXXU�LV��=R�LV�
WH�]LHQ�GDW�KHW�ZDWHU�ZDW�GRRU�GH�YHUERQGHQ�JURHSVNOHS�KHHIW�JHORSHQ�KHW�PLQVWH�ZDUPWH�
KHHIW�YHUORUHQ�HQ�RRN�KHW�PHHVW�WHPSHUDWXXUFRQVWDQWH�VKRW�RSOHYHUW��,Q�KRRIGVWXN���YDQ�KHW�
RQGHU]RHNVUDSSRUW�]LMQ�GH�YHUVFKLOOHQGH�NOHSSHQ�PHW�YHUVFKLOOHQGH�ÁXVKHV�YHUGHU�JHDQDO\VHHUG��

,Q�GH]H�SDUDJUDDI�ZRUGW�JHNHNHQ�QDDU�GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�ZDW�KHW�JURHSVKRRIG�
YHUODDW��GXV�ZDDUYDQ�XLWHLQGHOLMN�KHW�HVSUHVVR�VKRW�JHPDDNW�]DO�ZRUGHQ��+LHUELM�LV�GH�
WHPSHUDWXXU�JHPHWHQ�GRRU�PLGGHO�YDQ�GH�DDQJHSDVWH�ÀOWHUGUDJHU��RPGDW�KHW�WHYHHO�JHOG�]DO�
NRVWHQ�RP�WHONHQV�PHW�HFKWH�NRIÀH�WH�PHWHQ��9HUGHU�QHHP�MH�KLHU�RRN�HHQ�YDULDEHOH�PHH�ZHJ��
'H�ZHHUVWDQG�GLH�GH�NRIÀH�OHYHUW�LV�QDPHOLMN�DIKDQNHOLMN�YDQ�GH�ÀMQKHLG�YDQ�GH�PDOLQJ�HQ�YDQ�
GH�GUXN�ZDDUPHH�JHWDPSW��]LH�EHJULSSHQOLMVW��LV��'H]H�ÀOWHUGUDJHU�LPLWHHUW�GH�ZHHUVWDQG�YDQ�
NRIÀH��LQ�ELMODJH�KRRIGVWXN�����ZRUGW�XLWJHOHJG�KRH�GLW�ZHUNW�

5.4.2 TEMPERATUUR IN DE FILTERDRAGER

*UDÀHN�������7HPSHUDWXXU�YDQ�DOOH��VWH�VKRWV�PHW�GH����FF�ÁXVK�XLWJH]HW�WHJHQ�GH�GRRUORRSWLMG
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DE 3-WEG-KLEP

8LW�GH�QXOPHWLQJ�ZDV�DO�JHEOHNHQ�GDW�GH�RULJLQHOH�SODDWVLQJ�YDQ�GH�PHVVLQJ�JURHSVNOHS�QLHW�
LGHDDO�ZDV��+LM�NRHOW�RS�GH]H�SOHN�LQ����PLQXWHQ�RQJHYHHU�����&�DI��'H�PHW�385�JHwVROHHUGH�
JURHSVNOHS�ELHG�RS�GLW�SUREOHHP�JHHQ�RSORVVLQJ��RPGDW�GH]H�RRN�ELMQD�����&�DINRHOW��=RZHO�
GH�596�JURHSVNOHS�DOV�GH�YHUERQGHQ�JURHSVNOHS�ELHGHQ�ZHO�HHQ�YHUEHWHULQJ�RS�GH�RULJLQHOH�
VLWXDWLH��'H�596�JURHSVNOHS�NRHOW�RQJHYHHU�����&�DI�HQ�GH�YHUERQGHQ�JURHSVNOHS�NRHOW�
PDDU�����&�DI��ZDW�QRJ�YHUPLQGHUG�NDQ�ZRUGHQ�ELM�HHQ�EHWHU�YHUELQGLQJ�WXVVHQ�KHP�HQ�KHW�
JURHSVKRRIG��

8LWHLQGHOLMN�KHHIW�GLW�ZDUPWHYHUOLHV�URQG�GH�JURHSVNOHS�WRW�JHYROJ�GDW�GH�WHPSHUDWXXU�YDQ�KHW�
ZDWHU�ELM�GH�GRXFKH�LQ�KHW�JHYDO�YDQ�GH�JHwVROHHUGH�HQ�RULJLQHOH�JURHSVNOHS�DOWLMG�WH�NRXG�LV��'H�
JHPLGGHOGH�WHPSHUDWXXU�YDQ�GH�VKRWV�GLH�GRRU�GH�596�JURHSVNOHS�ORSHQ�]LMQ�QLHW�DIKDQNHOLMN�
YDQ�GH�ÁXVK�HQ�]LMQ�WHONHQV�RQJHYHHU�����&��'H�YHUERQGHQ�NOHS�KHHIW�QD�HHQ����FF�ÁXVK�GH�
KRRJVWH�JHPLGGHOGH�WHPSHUDWXXU��QDPHOLMN�����&��'H]H�WHPSHUDWXXU�NDQ�ELM�GH�PLQGHUH�ÁXVKHV�
RRN�EHUHLNW�ZRUGHQ�DOV�GH�NOHS�EHWHU�PHW�KHW�JURHSVKRRIG�YHUERQGHQ�]DO�]LMQ��RPGDW�GH�NOHS�
GDQ�PLQGHU�]DO�DINRHOHQ�

+LHUXLW�NDQ�JHFRQFOXGHHUG�ZRUGHQ�GDW�LQ�KHW�KXLGLJH�RQGHU]RHN�GH�596�JURHSVNOHS�GH�
EHVWH�RSORVVLQJ�LV��RPGDW�GLW�JHGXUHQGH�GH�YHUVFKLOOHQGH�ÁXVKHV�JHPLGGHOG�YRRU�GH�KRRJVWH�
WHPSHUDWXXU�]RUJW��]LH�KRRIGVWXN���YDQ�GH�ELMODJH���+LM�KHHIW�HFKWHU�ZHO�HHQ�JURRW�QDGHHO��GRRU�
GH�ODJHUH�ZDUPWHJHOHLGEDDUKHLG�ZDUPW�GH�KLM�PLQGHU�VQHO�RS��ZDDUGRRU�GH�WHPSHUDWXXUDIQDPH�
WLMGHQV�GH�VKRWV�HYHQ�JURRW�EOLMIW��+LHUGRRU�]DO�KHW�ELM�LQWHQVLHI�JHEUXLN�YDQ�GH�PDFKLQH�ODQJHU�
GXUHQ�YRRUGDW�GH�VKRWV�QLHW�PHHU�DINRHOHQ�LQ�GH�JURHSVNOHS��'H�YHUERQGHQ�JURHSVNOHS�LV�
YDQ�PHVVLQJ�HQ�KHHIW�HHQ�KRJH�ZDUPWHJHOHLGEDDUKHLG��+LHUGRRU�LV�KLM�VQHOOHU�RS�WHPSHUDWXXU��
ZDDUGRRU�GH�WHPSHUDWXXUDIQDPH�YDQ�GH�VKRWV�WLMGHQV�LQWHQVLHI�JHEUXLN�NOHLQHU�ZRUGW��$OV�
GH�JURHSVNOHS�EHWHU�DFWLHI�ZDUP�JHKRXGHQ�ZRUGW��GRRU�KHP�ELMYRRUEHHOG�GLFKWHU�ELM�KHW�
JURHSVKRRIG�WH�SODDWVWHQ��]DO�KLM�RRN�WLMGHQV�VWLOVWDQG�PLQGHU�DINRHOHQ��ZDDUGRRU�ELM�KHW�HHUVWH�
VKRW�RRN�PLQGHU�WHPSHUDWXXUYHUOLHV�RQGHUYLQG��9HUGHU�LV�HHQ�PHVVLQJ���ZHJ�NOHS�ÀQDQFLHHO�
RRN�DDQWUHNNHOLMNHU�RPGDW�GH]H�ELMQD�WLHQ�NHHU�]R�JRHGNRRS�LV�DOV�]LMQ�596�WHJHQKDQJHU��
'DDURP�LV�HUYRRU�JHNR]HQ�RP�PHW�GH�YHUERQGHQ�PHVVLQJ���ZHJ�NOHS�YHUGHU�WH�JDDQ�

5.5 CONCLUSIE
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,Q�GLW�KRRIGVWXN�ZRUGW�KHW�PL[EORN�ZDW�KHW�NRXGH�HQ�ZDUPH�ZDWHU�PHQJW�YRRU�KHW�
NRIÀHZDWHU�EHVSURNHQ��+LHUELM�NRPW�KHW�ZDUPH�ZDWHU�ERYHQ�XLW�GH�ERLOHU�HQ�KHHIW�HHQ�
FRQVWDQWH�WHPSHUDWXXU�YDQ������&��+HW�NRXGH�ZDWHU�NRPW�GLUHFW�XLW�GH�NUDDQ��+LHUELM�ZRUGW�
XLWJHOHJG�ZDDURP�KHW�]R�JHGDDQ�LV��KRH�KHW�PL[EORN�WRW�VWDQG�LV�JHNRPHQ�HQ�ZDW�GH�SUHVWDWLHV�
YDQ�KHW�PL[EORN�]LMQ�

+HW�GRHO�YDQ�GH]H�RSGUDFKW�LV�RP�HHQ�FRQVWDQWH�ZDWHUWHPSHUDWXXU�XLW�GH�PDFKLQH�WH�NULMJHQ��
ZDQW�DOV�GH�WHPSHUDWXXU�YDQ�KHW�XLWNRPHQGH�ZDWHU�FRQVWDQW�LV��NDQ�MH�GLW�YRRUVSHOOHQ�HQ�GXV�
RRN�JRHG�UHJXOHUHQ��+HW�PL[EORN�ZRUGW�YODN�DFKWHU�KHW�JURHSVKRRIG�JHSODDWVW��ZDDUGRRU�
KHW�ZDWHU�ELMQD�JHHQ�RQGHUGHOHQ�PHHU�WHJHQNRPW�WXVVHQ�KHW�PL[EORN�HQ�KHW�JURHSVKRRIG��
+LHUGRRU�KHHIW�GH�PDFKLQH�PLQGHU�HIIHFW�RS�GH�WHPSHUDWXXU�YDQ�GH�PDFKLQH��GXV�ZRUGHQ�GH�
VKRWV�FRQVWDQWHU�

� HET MIXBLOK
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2P�GLW�YRRU�HONDDU�WH�NULMJHQ�LV�HU�HHQ�PL[EORN�LQ�GH�PDFKLQH�JHSODDWVW�GLH�NRXG�HQ�ZDUP�
ZDWHU�PHW�HONDDU�PHQJW��+HW�ZDUPH�ZDWHU�NRPW�ERYHQ�XLW�GH�ZDUPWHZLVVHODDU��,Q�GH�
ZDUPWHZLVVHODDU�]LW�����FF�ZDWHU�ZDW�GRRU�GH�ERLOHU�RS������&�ZRUGW�JHKRXGHQ��'LW�KRXG�
LQ�GDW�KHW�ZDWHU�ZDW�GH�ZDUPWHZLVVHODDU�YHUODDW�HHQ�FRQVWDQWH�WHPSHUDWXXU�KHHIW��+HW�NRXGH�
ZDWHU�NRPW�XLW�HHQ�GLUHFW�XLW�GH�NUDDQ��ZDW�DOV�KHW�JRHG�LV�RRN�FRQVWDQW�LV��:HO�YHUVFKLOW�
GH�ZDWHUWHPSHUDWXXU�SHU�ORFDWLH�HQ�ZHHUVRPVWDQGLJKHGHQ��KLHU�PRHW�GXV�LQ�KHW�RQWZHUS�
UHNHQLQJ�PHH�JHKRXGHQ�ZRUGHQ�

2RN�KHW�PL[EORN�HQ�GH�JURHSVNOHS�PRHWHQ�HHQ�FRQVWDQWH�WHPSHUDWXXU�KHEEHQ�RQJHDFKW�GH�
LQWHQVLYLWHLW�ZDDULQ�GH�PDFKLQH�JHEUXLNW�ZRUGW��'LW�ZRUGW�JHGDDQ�GRRU�KHW�PL[EORN�LQ�KHW�
WKHUPRVLIRQ�V\VWHHP�RS�WH�QHPHQ��9HUYROJHQV�ZRUGW�GH�JURHSVNOHS�DDQ�KHW�PL[EORN�EHYHVWLJG��
]RGDW�GH]H�RRN�RS�WHPSHUDWXXU�EOLMIW�

$IEHHOGLQJ�����ODDW�KHW�RQWZHUS�]LHQ��+LHULQ�LV�SXQW���GH�GRRUJDQJ�YRRU�KHW�WKHUPRVLIRQ�
V\VWHHP��'LW�JDW�ORRSW�GRRU�KHW�KHOH�EORN�KHHQ��9ODN�YRRU�KHW�EORN�ZRUGW�HHQ�����PP�VWXZWMH�
JHwQVWDOOHHUG�RP�GH�WHPSHUDWXXU�YDQ�]RZHO�KHW�EORN�DOV�KHW�JURHSVKRRIG�URQG�GH�����&�WH�
KRXGHQ��'H�LQJDQJ�YRRU�KHW�NRXGH�ZDWHU�LV�SXQW����9HUYROJHQV�PRHW�KHW�NRXGH�ZDWHU�GRRU�
SXQW����ZDW�HHQ���PP�EUHGH�JDQJ�LV��'H�GRRUJDQJ�YDQ�GLW�ZDWHU�ZRUGW�EHOHPPHUG�GRRU�KHW�
YHUVWHOEDUH�VWXZWMH�ZDW�RS�SXQW���JHwQVWDOOHHUG�ZRUGW��+LHUELM�VWHHNW�GH�SXQW�YDQ�KHW�VWXZWMH�
SUHFLHV�LQ�KHW�JDW�YDQ�SXQW����+HW�ZDUPH�ZDWHU�NRPW�ELQQHQ�GRRU�SXQW����GH�GRRUJDQJ�YDQ�GLW�
ZDWHU�ZRUGW�EHOHPPHUG�GRRU�HHQ�YDVW�VWXZWMH��GH�PDDW�YDQ�GLW�VWXZWMH�ZRUGW�LQ�SDUDJUDDI�����
RQGHU]RFKW��+HW�JHPHQJGH�ZDWHU�YHUODDW�XLWHLQGHOLMN�KHW�PL[EORN�LQ�SXQW����$IEHHOGLQJ�����ODDW�
]LHQ�KRH�KHW�PL[EORN�HU�LQ�KHW�HFKW�XLW]DJ�

6.1 HET ONTWERP

$IEHHOGLQJ�������2QWZHUS�YDQ�KHW�PL[EORN� $IEHHOGLQJ������+HW�PL[EORN
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,Q�GLW�GHHO�YDQ�KHW�YHUVODJ�ZRUGW�DOOHHQ�GH�GHÀQLWLHYH�RSVWHOOLQJ�YDQ�KHW�PL[EORN�EHVSURNHQ��
'H�YRRUJDDQGH�YHUVLHV�NXQQHQ�WHUXJ�JHYRQGHQ�ZRUGHQ�LQ�ELMODJH�KRRIGVWXN����8LW�GH�HHUGHUH�
YHUVLHV�YDQ�KHW�PL[EORN�EOHHN�GDW�KHW�LQNRPHQGH�NRXGH�ZDWHU�WHYHHO�ÁXFWXHHUGH��2P�GLW�
WRFK�]R�FRQVWDQW�PRJHOLMN�WH�NULMJHQ�ZRUGW�JHEUXLN�JHPDDNW�YDQ�HHQ�JURRW�ZDWHUUHVHUYRLU��
+RH�JURWHU�GLW�UHVHUYRLU�KRH�FRQVWDQWHU�KHW�ZDWHU��+HW�GRHO�LV�RP�GLW�UHVHUYRLU�QLHW�DFWLHI�
WH�YHUZDUPHQ��ZDW�EHWHNHQG�GDW�KHW�ZDWHU�GH�RPJHYLQJVWHPSHUDWXXU�ELQQHQ�LQ�GH�PDFKLQH�
RYHUQHHPW��1D�PHWLQJHQ��EOHHN�GLW�����&�WH�]LMQ��2PGDW�HU�LQ�GH�KXLGLJH�PDFKLQH�JHHQ�SOHN�
LV�RP�HHQ�JURRW�UHVHUYRLU�YODN�ELM�KHW�PL[EORN�WH�SODDWVHQ�LV�GLW�JHwPLWHHUG�GRRU�HHQ���OLWHU�
ERLOHU�EXLWHQ�GH�PDFKLQH�DFWLHI�RS�WHPSHUDWXXU�WH�KRXGHQ��+HW�ZDWHU�XLW�GH�ERLOHU�ZRUGW�GRRU�
HHQ�JHwVROHHUGH���PP�596�EXLV�QDDU�KHW�PL[EORN�JHOHLG��'LW�LV�JHGDDQ�RP�]R�PLQ�PRJHOLMN�
ZDWHU�LQ�FRQWDFW�WH�EUHQJHQ�PHW�KHW�DFWLHI�ZDUP�JHKRXGHQ�PL[EORN��$IEHHOGLQJ�����JHHIW�HHQ�
VFKHPDWLVFKH�ZHHUJDYH�YDQ�KRH�KHW�PL[EORN�LQ�GH�PDFKLQH�LV�JHERXZG��LQ�KRRIGVWXN�����²�
$DQSDVVLQJHQ�PDFKLQH�YDQ�GH�ELMODJH�LV�WH�]LHQ�KRH�GLW�HU�LQ�KHW�HFKW�XLW]DJ�

6.2 INBOUW IN DE MACHINE

$IEHHOGLQJ�������6FKHPDWLVFKH�ZHHUJDYH�YDQ�KHW�V\VWHHP�PHW�PL[EORN

+HW�GRHO�YDQ�KHW�PL[EORN�ZDV�RP�GH�WHPSHUDWXXU�YDQ�KHW�XLWNRPHQGH�ZDWHU�WH�UHJXOHUHQ�
GRRU�PHW�HHQ�YHUVWHOEDDU�VWXZWMH�PHHU�RI�PLQGHU�NRXG�ZDWHU�ELM�GH�PL[�WH�ODWHQ�NRPHQ��+HW�
ZDUPH�ZDWHU�JDDW�GRRU�HHQ�YDVW�VWXZWMH��+HW�GRHO�ZDV�HHQ�WHPSHUDWXXUGRPHLQ�WXVVHQ�GH����
�&�HQ�����&�WH�NULMJHQ��+LHUYRRU�PRHVW�RQGHU]RFKW�ZRUGHQ�ZHON�YDVWH�VWXZWMH�KHW�ZDUPH�
ZDWHU�PRHVW�KHEEHQ��(U�]LMQ�LQ�WRWDDO�GULH�PDWHQ�RQGHU]RFKW������PP������PP�HQ�����PP��%LM�
KHW�����PP�VWXZWMH�NZDP�HHQ�GRPHLQ�YDQ�����&�WRW�����&���+HW�����PP�VWXZWMH�]RUJGH�YRRU�
HHQ�LHWV�KRJHU�GRPHLQ��QDPHOLMN�WXVVHQ�GH�������&�HQ�������&���+HW�KRRJVWH�GRPHLQ�NZDP�YDQ

6.3 VERSTELBAAR STUWTJE

1 zie bijlage, hoofdstuk 6.2
2 zie onderzoeksrapport, hoofdstuk 6.1.1
3 zie onderzoeksrapport, hoofdstuk 6.1.2
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KHW�����PP�VWXZWMH��GH]H�KDG�HHQ�GRPHLQ�WXVVHQ�GH�������&�HQ�������&���=RDOV�WH�]LHQ�LV�NRPW�
JHHQ�YDQ�GH]H�VWXZWMHV�LQ�GH�EXXUW�YDQ�KHW�EHRRJGH�GRPHLQ��(U�KDG�YHUGHU�RQGHU]RHN�JHGDDQ�
NXQQHQ�ZRUGHQ�QDDU�HHQ�VWXZWMH�ZDW�ZHON�JHVFKULNW�LV��PDDU�GH�JURRWWH�YDQ�KHW�GRPHLQ�
YLHO�RRN�WHJHQ��9HUGHU�LV�RQWGHNW�GDW�KHW�LQVWHOOHQ�YDQ�GH�WHPSHUDWXXU�GRRU�PLGGHO�YDQ�GDW�
YHUVWHOEDUH�VWXZWMH�QDJHQRHJ�RQPRJHOLMN�LV��RPGDW�QLHW�EHNHQG�LV�KRHYHHO�MH�KHP�JHGUDDLG�
KHEW��'DDURP�LV�HU�EHVORWHQ�RP�LQ�SODDWV�YDQ�KHW�YHUVWHOEDUH�VWXZWMH�GH�WHPSHUDWXXU�YDQ�
KHW�XLWNRPHQGH�ZDWHU�WH�UHJXOHUHQ�GRRU�GH�WHPSHUDWXXU�YDQ�GH��QX�QRJ��H[WHUQH�ERLOHU�WH�
YHUKRJHQ��'LW�ZRUGW�LQ�GH�YROJHQGH�SDUDJUDDI�EHKDQGHOG�

1 zie onderzoeksrapport, hoofdstuk 6.1.3
(2) zie bijlage, hoofdstuk 5.2.2

7LMGHQV�KHW�RQGHU]RHN�QDDU�GH�JHZHQVWH�ERLOHUWHPSHUDWXXU�LV�KHW�VWXZWMH�RS�HHQ�YDVWH�SRVLWLH�
YDQ�����VODJ�RSHQ�JH]HW��GLW�JDI�KHW�NRXGH�ZDWHU�HHQ�GRRUJDQJ�YDQ������PP���9RRU�KHW�ZDUPH�
ZDWHU�ZRUGW�QRJ�VWHHGV�KHW�����PP�VWXZWMH�JHEUXLNW��RPGDW�GLW�LQ�FRPELQDWLH�PHW�GH����&�
ERLOHUWHPSHUDWXXU�HHQ�EHJLQ�WHPSHUDWXXU�YDQ�������&�JDI��+LHUPHH�ZHUG�GH�YHUKRXGLQJ�
ZDUP�NRXG�ZDWHU�����������*UDÀHN�����JHHIW�GH�JHPLGGHOGH�WHPSHUDWXXU�YDQ�GH�YLMI�VKRWV�SHU�
ERLOHUWHPSHUDWXXU�ZHHU��$DQ�GH�ELMQD�OLQHDLUH�OLMQ�LV�WH�]LHQ�GDW�GRRU�PLGGHO�YDQ�KHW�LQVWHOOHQ�
YDQ�GH�ERLOHU�GH�WHPSHUDWXXU�YDQ�KHW�XLWNRPHQGH�ZDWHU�JRHG�WH�EHSDOHQ�LV��2RN�ZDUHQ�
GH�VKRWV�DDQ]LHQOLMN�FRQVWDQWHU��GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�WLMGHQV�HHQ�VKRW�ÁXFWXHHUGH�
JHPLGGHOG�QRJ�PDDU������&����

6.4 WISSELENDE BOILERTEMPERATUUR

*UDÀHN������*HPLGGHOGH�WHPSHUDWXXU�YDQ�GH���VKRWV
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*UDÀHN�����JHHIW�GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�LQ�GH�ÀOWHUGUDJHU�PHW�KHW�PL[EORN�ZHHU��
(U�YDOW�DO�JHOLMN�RS�GDW�GH�VKRWV�YHHO�GLFKWHU�ELM�HONDDU�OLJJHQ�HQ�GDW�GH�WHPSHUDWXXU�YDQ�KHW�
ZDWHU�WLMGHQV�GH�VKRWV�YHHO�FRQVWDQWHU�LV��'H�JHPLGGHOGH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�YHUVFKLOW�
RQGHUOLQJ�������&��7LMGHQV�KHW�VKRW�ÁXFWXHHUW�GH�WHPSHUDWXXU�PD[LPDDO�������&�

HET MIXBLOK

2P�WH�]LHQ�RI�KHW�PL[EORN�RRN�GDDGZHUNHOLMN�YRRU�HHQ�YHUEHWHUGLQJ�LQ�GH�VWDELOLWHLW�YDQ�GH�
ZDWHUWHPSHUDWXXU�]RUJW��PRHW�GLW�YHUJHOHNHQ�ZRUGHQ�PHW�GH�PHWLQJHQ�GLH�DDQ�GH�RULJLQHOH�
PDFKLQH�]LMQ�XLWJHYRHUG��+LHUELM�LV�KHW�EHODQJULMN�RP�QDDU�WZHH�GLQJHQ�WH�NLMNHQ��'H�VWDELOLWHLW�
YDQ�GH�WHPSHUDWXXU�WXVVHQ�GH�VKRWV��GLW�JHHIW�DDQ�GDW�HU�RQGHUGHOHQ�LQ�GH�PDFKLQH�]LWWHQ�
GLH�PRHWHQ�RSZDUPHQ��2RN�PRHW�HU�JHNHNHQ�QDDU�GH�ÁXFWXDWLH�YDQ�GH�WHPSHUDWXXU�WLMGHQV�
KHW�VKRW��GLW�JHHIW�DDQ�KRH�VWDELHO�GH�WHPSHUDWXXU�WLMGHQV�KHW�VKRW�LV��9RRU�GH�UHVXOWDWHQ�YDQ�
GH�RULJLQHOH�PDFKLQH�LV�GH�VKRWUHHNV�YDQ�������JHEUXLNW��+LHU�KDG�GH�PDFKLQH����PLQXWHQ�
VWLOJHVWDDQ�HQ�LV�HU�HHQ����FF�ÁXVK�JHZHHVW��9RRU�GH�UHVXOWDWHQ�YDQ�KHW�PL[EORN�LV�GH�VKRWUHHNV�
YDQ�������JHEUXLNW��+LHU�KDG�GH�PDFKLQH����PLQXWHQ�VWLOJHVWDDQ�HQ�LV�HU�HHQ����FF�ÁXVK�
JHZHHVW��=LH�KRRIGVWXN�����YDQ�KHW�RQGHU]RHNVUDSSRUW�YRRU�PHHU�LQIRUPDWLH��*UDÀHN�����JHHIW�
GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�LQ�GH�ÀOWHUGUDJHU�ELM�GH�RULJLQHOH�PHWLQJ�ZHHU��+LHULQ�LV�WH�]LHQ�
GDW�GH�JHPLGGHOGH�WHPSHUDWXXU�YDQ�GH�VKRWV�RQGHUOLQJ�������&�ÁXFWXHHUW��7LMGHQV�KHW�VKRW�
ÁXFWXHHUW�GH�WHPSHUDWXXU�PLQLPDDO�������&�

6.5 VERGELIJKING MET DE ORIGINELE SITUATIE

*UDÀHN�������7HPSHUDWXXU�YDQ�KHW�ZDWHU�ELM�GH�QXOPHWLQJ�LQ�GH�ÀOWHUGUDJHU
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$OV�EHLGH�JUDÀHNHQ�QDDVW�HONDDU�EHNHNHQ�ZRUGHQ�HQ�GH�VKRWV�RQGHUOLQJ�HQ�]HOIVWDQGLJ�EHNHNHQ�
ZRUGHQ�LV�JRHG�WH�]LHQ�GDW�KHW�PL[EORN�YRRU�YHHO�VWDELHOHUH�VKRWV�]RUJW��=RZHO�ELM�GH�KHOH�
UHHNV�DOV�KHW�VKRW�]HOI�LV�GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�ELM�KHW�PL[EORN�VWDELHOHU�

*UDÀHN�������7HPSHUDWXXU�YDQ�KHW�ZDWHU�ELM�KHW�PL[EORN�LQ�GH�ÀOWHUGUDJHU

8LWHLQGHOLMN�LV�JHEOHNHQ�GDW�KHW�PL[EORN�HHQ�FRQVWDQWHUH�ZDWHUWHPSHUDWXXU�JHHIW�GDQ�GH�
RULJLQHOH�WRHVWDQG��ZDDUGRRU�GLW�GXV�HHQ�YHUEHWHULQJ�LV��7RFK�PRHVW�GH�ERLOHU�YRRU�KHW�́ NRXGHµ�
ZDWHU�KLHUYRRU�ZHO�GXVGDQLJ�DDQJHSDVW�ZRUGHQ�GDW�KHW�LQ�WZLMIHO�JHWURNNHQ�NDQ�ZRUGHQ�RI�GLW�
GH�HIIHFWLHIVWH�PDQLHU�LV��9RRUDO�RPGDW�HU�QX�WRFK�DO�HHQ�ERLOHU�PHW�ZDUPWH�HOHPHQW�DDQ�WH�SDV�
NRPW��'DDURP�LV�HUYRRU�JHNR]HQ�RP�KHW�PL[EORN�ZHJ�WH�QHPHQ�HQ�GH�WHPSHUDWXXU�YDQ�GH�
ERLOHU�RS�WH�VFKURHYHQ�WRW�URQG�GH�����&��+LHUPHH�YHUDQGHUG�GH�PDFKLQH�ZHO�LQ�HHQ�GXEEHO�
ERLOHU�V\VWHHP��'LW�]RX�LQ�KHW�YROJHQGH�KRRIGVWXN�YHUGHU�EHKDQGHOG�ZRUGHQ��

6.6 CONCLUSIE
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KEES VAN DER WESTEN

+HW�RRUVSURQNHOLMNH�GRHO�YDQ�GH�RSGUDFKW�ZDV�RP�GH�.HHV�YDQ�GHU�:HVWHQ�0LUDJH�WH�
YHUQLHXZHQ��1D�RQGHU]RHN�EOHHN�GDW�HU�JHHQ�JURWH�YHUEHWHULQJHQ�WH�EHKDOHQ�]LMQ�PHW�NOHLQH�
LQJUHSHQ��RS�KHW�YHUELQGHQ�YDQ�GH�PHVVLQJ�JURHSVNOHS�PHW�KHW�JURHSVKRRIG�QD��7RFK�]LMQ�HU�QD�
JURWH�LQJUHSHQ��KHW�SODDWVHQ�YDQ�HHQ�WZHHGH��NRIÀH��ERLOHU��LQWHUHVVDQWH�UHVXOWDWHQ�WH�EHKDOHQ��
+LHUGRRU�LV�EHVORWHQ�RP�HHQ�JHKHHO�QLHXZH�PDFKLQH�WH�JDDQ�RQWZLNNHOHQ��GLW�KRXG�LQ�GDW�GH�
PDFKLQH�ZHHU�YDQDI�GH�EDVLV�RSJHERXZG�JDDW�ZRUGHQ�

2PGDW�HU�WLMGHQV�GH�RSGUDFKW�QRJ�HHQ�DDQWDO�H[WUD�HLVHQ�YDQ�GH�RSGUDFKWJHYHU�QDDU�ERYHQ�
NZDPHQ�WHQ�EHKRHYH�YDQ�GH]H�PDFKLQH�LV�KLHURQGHU�HHQ�QLHXZ�HLVHQ�SDNNHW�YRRU�GH]H�
PDFKLQH�RSJH]HW��'LW�KRRIGVWXN�LV�DOOHHQ�HHQ�RQWZHUSYRRUVWHO��HU�LV�YHUGHU�JHHQ�RQGHU]RHN�
JHGDDQ�QDDU�YHUVFKLOOHQGH�FRQFHSWHQ��'LW�LV�PHHU�HHQ�RS]HW�YRRU�HHQ�YHUYROJRSGUDFKW�ZDDULQ�
GH]H�QLHXZH�PDFKLQH�RQWZLNNHOG�JDDW�ZRUGHQ�

� DE NIEUWE MACHINE
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8LW�KHW�RQGHU]RHN�ZDW�KLHUYRRU�EHVSURNHQ�LV�NRQG�HHQ�GXLGHOLMN�DGYLHV�JHWURNNHQ�ZRUGHQ�GLH�
GH�FRQVWDQWKHLG�YDQ�GH�ZDWHUWHPSHUDWXXU�WHQ�JRHGH�NZDP��'LW�DGYLHV�ZDV�GDW�KHW�ZDWHU�PHW�
]R�PLQ�PRJHOLMN�WXVVHQNRPHQGH�RQGHUGHOHQ�ELM�GH�NRIÀH�PRHVW�NRPHQ��ZDQW�HON�RQGHUGHHO�
NRQ�HUYRRU�]RUJHQ�GDW�GH�ZDWHUWHPSHUDWXXU�YHUDQGHUGH��(HQ�RQGHUGHHO�ZDW�VRZLHVR�WXVVHQ�
GH�ERLOHU�HQ�KHW�JURHSVKRRIG�JHSODDWVW�PRHW�ZRUGHQ�LV�GH���ZHJ�NOHS��GLH�KHW�ZDWHU�GRRUODDW�
QDDU�KHW�JURHSVKRRIG��'H]H�PRHW�DDQ�KHW�JURHSVKRRIG�YHUERQGHQ�ZRUGHQ�RP�KHP�RS�HHQ�
FRQVWDQWH�WHPSHUDWXXU�WH�KRXGHQ��9HUGHU�ZRUGW�KHW�ZDWHU�GLUHFW�XLW�GH�ERLOHU�JHEUXLNW�LQ�
SODDWV�YDQ�YLD�HHQ�ZDUPWHZLVVHODDU��RPGDW�GH�ZDWHUPDVVD�YDQ�GH�ERLOHU�HUYRRU�]RUJW�GDW�GH�
ZDWHUWHPSHUDWXXU�FRQVWDQW�JHKRXGHQ�ZRUGW�

7.1 CONCLUSIES UIT HET ONDERZOEK

1DGDW�KHW�YRRUVWHO�YRRU�HHQ�JHKHHO�QLHXZH�PDFKLQH�JHSUHVHQWHHUG�ZDV�DDQ�GH�RSGUDFKWJHYHU�
JDI�GH]H�DDQ�GDW�HU�GDQ�RRN�HHQ�DDQWDO�QLHXZH�HLVHQ�DDQ�YHUERQGHQ�]RXGHQ�ZRUGHQ��'H�
KHEEHQ�YRRUDO�PHW�]LMQ�SRVLWLH�LQ�GH�PDUNW�WH�PDNHQ��=R�ZRUGW�GH]H�QLHXZH�PDFKLQH�DOV�KHW�
LQVWDSPRGHO�JH]LHQ��ZDDUGRRU�KLM�GH�JRHGNRRSVWH�PDFKLQH�XLW�GH�OLMQ�PRHW�]LMQ��:HO�PRHW�
GRRU�PLGGHO�YDQ�HHQ�PRGXODLU�RSWLHV\VWHHP�GH�PDFKLQH�XLWJHERXZG�ZRUGHQ�WRW�HHQ�PDFKLQH�
GLH�TXH�NRVWSULMV�ULFKWLQJ�GH�GXXUVWH�PDFKLQH��GH�6SLULW��JDDW��'LW�KHHIW�GXV�WRW�JHYROJ�GDW�GH�
PDFKLQH�LQ�HVVHQWLH�HUJ�NDDO�LV��2P�GH�NRVWSULMV�YDQ�GH�QLHXZH�PDFKLQH�QRJ�YHUGHU�WH�GUXNNHQ�
PRHW�KLM�PDNNHOLMNHU�HQ�VQHOOHU�WH�DVVHPEOHUHQ�]LMQ�GDQ�GH�RYHULJH�PDFKLQHV�YDQ�.HHV�YDQ�GHU�
:HVWHQ��ZDW�LQKRXG�GDW�HU�]R�PLQ�PRJHOLMN�ORVVH�RQGHUGHOHQ�PRHWHQ�]LMQ��'H�JHEUXLNHU�PRHW�
RRN�YULM�HHQYRXGLJ�GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�ZDW�GH�PDFKLQH�YHUODDW�LQ�NXQQHQ�VWHOOHQ��ELM�
YRRUNHXU�GLJLWDDO�

'H�HLVHQ�QRJ�HHQ�NHHU�RSJHVRPG�
������� 0DFKLQH�PRHW�JRHGNRSHU�EHJLQQHQ�GDQ�GH�0LUDJH�
������� 0DFKLQH�PRHW�QD�DOOH�RSWLHV�ELMQD�HYHQ�GXXU�DOV�GH�6SLULW�NXQQHQ�ZRUGHQ�
������� 'H�JRHGNRSH�PDFKLQH�PRHW�HUJ�EDVLVFK�]LMQ�
������� 'H�PDFKLQH�PRHW�PDNNHOLMN�HQ�VQHO�WH�DVVHPEOHUHQ�]LMQ�
������� 'H�PDFKLQH�PRHW�JHEUXLN�PDNHQ�YDQ�JRHGNRSH�PDWHULDOHQ��PDDU�QRJ�VWHHGV�YDQ�KRJH��
� NZDOLWHLW�]LMQ�
������� 'H�PDFKLQH�PRHW�JHHQ�JHYDDU�YRUPHQ�YRRU�GH�0LUDJH�RI�6SLULW�
������� 'H�WHPSHUDWXXU�YDQ�KHW�ZDWHU�ZDW�XLW�GH�PDFKLQH�NRPW�PRHW�ELQQHQ����&�FRQVWDQW��
� ]LMQ��RQJHDFKW�GH�LQWHQVLYLWHLW�YDQ�KHW�JHEUXLN�HQ�DQGHUH�RPJHYLQJVIDFWRUHQ��

7.2 PROGRAMMA VAN EISEN

8LW�GLW�HLVHQSDNNHW�LV�HHQ�RQWZHUSYRRUVWHO�YRRUWJHNRPHQ��'LW�RQWZHUS�]RX�LQ�HHQ�
YHUYROJRSGUDFKW�WRW�HHQ�FRQFUHHW�SURGXFW�JHEUDFKW�ZRUGHQ�

7.3 ONTWERPVOORSTEL
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'H�EDVLVPDFKLQH�PRHW�HUJ�VLPSHO�HHQ�NDDO�]LMQ��ZDDUGRRU�GH�NRVWHQ�JHGUXNW�NXQQHQ�ZRUGHQ�
HQ�HU�HHQ�ODJH�YHUNRRSSULMV�EHKDDOG�NDQ�ZRUGHQ��+LHURP�LV�HUYRRU�JHNR]HQ�RP�GH�PDFKLQH�
HHQ�%DVWRQH�EHGLHQLQJ�WH�JHYHQ��+LHUELM�ZRUGW�GH�JURHS�GRRU�PLGGHO�YDQ�HHQ�KHQGHO�KDQGPDWLJ�
DDQ�RI�XLW�JH]HW��GLW�KHHIW�DOV�YRRUGHHO�GDW�GH�PDFKLQH�JHHQ�EUHLQ�QRGLJ�KHHIW�RP�ELM�WH�KRXGHQ�
ZDQQHHU�KLM�GH�JURHS�]HOI�XLW�PRHW�]HWWHQ��(U�LV�EHVORWHQ�RP�QRJ�VWHHGV�JHEUXLN�WH�PDNHQ�
YDQ�KHW�PHVVLQJ�JURHSVKRRIG�YRRU�GH�VWDELOLVDWLH�YDQ�KHW�ZDWHU��RPGDW�GLW�V\VWHHP�KHW�PLQVW�
DUEHLGVLQWHQVLHI�LV��+HW�JURHSVKRRIG�ZRUGW�LQ�GH�EDVLVPDFKLQH�ZDUP�JHKRXGHQ�GRRU�HHQ�
WKHUPRVLIRQ�V\VWHHP��RPGDW�KLHU�YHUGHU�JHHQ�DDQVWXULQJ�YRRU�QRGLJ�LV��(YHQWXHHO�NDQ�KLHUELM�
HHQ�YHUVWHOEDDU�VWXZWMH�LQ�GH�ERYHQVWH�EDMRQHW�JHSODDWVW�ZRUGHQ�ZDDUPHH�GH�JHEUXLNHU�
GH�WHPSHUDWXXU�SHU�JURHS�]HOI�JOREDDO�LQ�NDQ�VWHOOHQ��'H�EHKXL]LQJ�EHVWDDW�XLW�HHQ�VWXN�GLH�
JHPDNNHOLMN�DDQ�GH�PDFKLQH�EHYHVWLJG�NDQ�ZRUGHQ��'H�]LMSODWHQ�YDQ�GH�PDFKLQH�]LMQ�YDQ�KHW�
JRHGNRRSVWH�PDWHULDDO�HQ�HHQYRXGLJ�YRUP�JHJHYHQ��7RFK�PRHWHQ�GH]H�]LMSODWHQ�ZHO�GH�EHNHQGH�
.HHV�YDQ�GHU�:HVWHQ�XLWVWUDOLQJ�KHEEHQ��'H�QLHXZH�PDFKLQH�ZRUGW�]RDOV�ELM�GH�6SLULW�HQ�0LUDJH�
RRN�DOV�'XHWWH��WZHH�JURHSHQ��RI�7ULSOHWWH��GULH�JURHSHQ��JHOHYHUG�

7.3.1 BASISMACHINE

DUBBEL BOILERSYSTEEM

+HE�EHODQJULMNVWH�DVSHFW�DDQ�GH�PDFKLQH�LV�GH�FRQVWDQWKHLG�YDQ�GH�ZDWHUWHPSHUDWXXU��'LW�
JDDW�EHUHLNW�ZRUGHQ�GRRUPLGGHO�YDQ�WZHH�ERLOHUV��'H�HHUVWH�ERLOHU�LV�GH�JURRWVWH�ERLOHU��GLW�
LV�GH�VWRRPERLOHU��'H]H�ERLOHU�ZRUGW�RS������EDU�������&��JHKRXGHQ�YRRU�NUDFKWLJH�VWRRP��
9HUGHU�ORSHQ�GRRU�GH]H�ERLOHU�ZDUPWHZLVVHODDUV�GLH�KHW�ZDWHU�YRRU�KHW�WKHUPRVLIRQ�V\VWHHP�
RSZDUPW��'LW�YRRUYHUZDUPGH�ZDWHU�ZRUGW�RRN�JHEUXLNW�RP�GH�WZHHGH�ERLOHU�PHH�WH�YRHGHQ��
'H]H�ERLOHU�LV�GH�NRIÀHERLOHU��'H�WHPSHUDWXXU�YDQ�GH]H�ERLOHU�NDQ�GRRU�GH�JHEUXLNHU�]HOI�
EHSDDOG�ZRUGHQ��DDQ�GH�KDQG�YDQ�GH�ZDWHUWHPSHUDWXXU�GLH�KLM�RS�]LMQ�NRIÀH�ZHQVW��'H]H�ERLOHU�
ZRUGW�]R�GLFKW�PRJHOLMN�DFKWHU�GH�JURHSVKRRIGHQ�JHSODDWVW��ZDDUGRRU�KHW�ZDWHU�DOOHHQ�QRJ�
PDDU�GRRU�HHQ�DFWLHI�ZDUP�JHKRXGHQ���ZHJ�NOHS�KRHIW�YRRUGDW�KHW�ELM�KHW�NRIÀHEHG�NRPW��
'LW�YHU]HNHUG�HHQ�FRQVWDQWH�ZDWHUWHPSHUDWXXU�RQJHDFKW�GH�VLWXDWLH�ZDDU�GH�PDFKLQH�]LFK�LQ�
EHYLQG��$IEHHOGLQJ�����JHHIW�HHQ�VFKHPDWLVFKH�ZHHUJDYH�YDQ�KHW�GXEEHOH�ERLOHUV\VWHHP�ZHHU�

$IEHHOGLQJ�������6FKHPDWLVFKH�ZHHUJDYH�YDQ�KHW�GXEEHOH�ERLOHUV\VWHHP
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2P�GH�PDFKLQH�QRJ�EHWHU�WH�ODWHQ�SUHVWHUHQ�HQ�OX[HU�WH�PDNHQ�LV�GH�PDFKLQH�XLW�WH�EUHLGHQ�
PHW�YHUVFKLOOHQGH�PRGXODLUH�V\VWHPHQ��'LW�NDQ�KHW�EHVW�YHUJHOHNHQ�ZRUGHQ�PHW�GH�DXWR�
LQGXVWULH��KLHUELM�NRRS�MH�RRN�HHQ�EDVLV�DXWR�ZDDU�MH�YHUYROJHQV�YRRU�HHQ�PHHUSULMV�RSWLHV�DDQ�
WRH�NDQ�YRHJHQ��]RDOV�OLFKWPHWDOHQ�YHOJHQ�RI�HHQ�QDYLJDWLHV\VWHHP��2RN�]XOOHQ�HU�QHW�]RDOV�ELM�
GH�DXWR�LQGXVWULH�EHSDDOGH�PRGHOOHQ�WHJHQ�HHQ�LHWV�ODJHUH�YHUNRRSSULMV�HHQ�YDVW�RSWLHSDNNHW�
KHEEHQ��+HW�PRGXODLUH�EHWHNHQG�GDW�HHQ�JHEUXLNHU�QLHW�DOOH�RSWLHV�KRHIW�WH�QHPHQ��PDDU�NDQ�
NLH]HQ�ZHONH�KLM�ZLO��6RPPLJH�]LMQ�ZHO�DIKDQNHOLMN�YDQ�HONDDU��RPGDW�]H�ELMYRRUEHHOG�HHQ�EUHLQ�
QRGLJ�KHEEHQ��+LHURQGHU�]XOOHQ�GH�YHUVFKLOOHQGH�RSWLHV�NRUW�EHVSURNHQ�ZRUGHQ�

7.3.2 MODULAIR SYSTEEM

TOUCHPAD MET BREIN EN WATERMETERS 

0HW�GH�WRXFKSDG�NDQ�GH�JHEUXLNHU�YLHU�YHUVFKLOOHQGH�ZDWHUKRHYHHOKHGHQ�LQVWHOOHQ��'H��H�
NQRS�LV�HHQ�FRQWLQXH�VWDQG��'H�PDFKLQH�PRHW�ELM�GH�YLHU�LQJHVWHOGH�ZDWHUKRHYHHOKHGHQ�GH�
JURHSVNOHS�]HOI�XLW]HWWHQ��+LHUYRRU�PRHW�KLM�ZHWHQ�KRHYHHO�ZDWHU�HU�DO�GRRU�GH�JURHS�LV�JHJDDQ��
GXV�PRHW�HU�WXVVHQ�GH�NOHS�HQ�GH�ERLOHU�HHQ�ZDWHUPHWHU�JHSODDWVW�ZRUGHQ��9HUGHU�PRHW�HU�RRN�
HHQ�EUHLQ�LQ�GH�PDFKLQH�]LWWHQ�GLH�GLW�DOOHV�ELM�NDQ�KRXGHQ�

PROGRESSIEVE PRE-INFUSIE

2P�HHQ�PRRLHUH�H[WUDFWLH�WH�NULMJHQ�NDQ�GH�JHEUXLNHU�HUYRRU�NLH]HQ�RP�HHQ�33,�RS�]LMQ�
DSSDUDDW�WH�ODWHQ�LQVWDOOHUHQ��,Q�KRRIGVWXN�����YDQ�GH�ELMODJH�ZRUGW�GH�ZHUNLQJ�YDQ�HHQ�33,�
XLWJHOHJG�

SHOTTIMERS

6KRWWLPHUV�JHYHQ�GH�GRRUORRSWLMG�YDQ�GH�VKRWV�ZHHU��'H�WLPHU�EHJLQW�WH�ORSHQ�ZDQQHHU�GH�
JURHSVNOHS�RSHQ�JDDW�HQ�VWRSW�ZDQQHHU�GH]H�JURHSVNOHS�ZHHU�JHVORWHQ�ZRUGW��$DQ�GH�KDQG�YDQ�
GH]H�GRRUORRSWLMG�NDQ�GH�EDULVWD�EHSDOHQ�RI�KHW�HHQ�JRHGH�H[WUDFWLH�LV�JHZHHVW�

WARMTE ELEMENTEN IN DE GROEPSHOOFDEN

+HW�YLHU�NLOR�]ZDUH�PHVVLQJ�JURHSVKRRIG�LV�]HHU�DIKDQNHOLMN�YDQ�GH�RPJHYLQJVWHPSHUDWXXU�
URQGRP�GH�PDFKLQH��$OV�GH]H�EXLWHQ�RI�RS�GH�WRFKW�JHEUXLNW�ZRUGW�NRHOW�KHW�JURHSVKRRIG�
WHYHHO�DI��ZDDUGRRU�KLM�GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�ZDW�QDDU�KHW�NRIÀH�JDDW�QLHW�VWDELOLVHUHQ��
+HW�NDQ�]HOIV�]R�]LMQ�GDW�GH]H�MXLVW�WHYHHO�ZDUPWH�DEVRUEHHUW��1RUPDDO�ZRUGW�KLHUYRRU�KHW�
WKHUPRVLIRQ�V\VWHHP�JHEUXLNW��PDDU�RPGDW�GLW�HHQ�QDWXXUNXQGLJ�SURFHV�LV��LV�GLW�HUJ�VORRP��
+HW�JURHSVKRRIG�NDQ�GDDURP�RRN�YHUZDUPW�ZRUGHQ�PHW�ZDUPWH�HOHPHQWHQ�LQ�GLH�UXLPWH��'LW�
HOHPHQW�YHUZDUPW�KHW�JURHSVKRRIG�ZDQQHHU�JHZHQVW��+LHUYRRU�]LMQ�ZDUPH�HOHPHQWHQ�HQ�HHQ�
3,'�QRGLJ�
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'H�HHUVWH�NHX]H�GLH�GH�NODQW�ELQQHQ�GH]H�RSWLH�NDQ�NLH]HQ�LV�RP�DOOH�JURHSVKRRIGHQ�GH]HOIGH�
WHPSHUDWXXU�WH�JHYHQ��+HW�PDNNHOLMNVWH�KLHUYDQ�LV�GDW�HU�PDDU�ppQ�3,'�QRGLJ�LV��'H]H�VFKDNHOW�
GH�HOHPHQWHQ�GDQ�DDQ�DOV�HHQ�YDQ�GH�JURHSVKRRIGHQ�RQGHU�GH�JHZHQVWH�WHPSHUDWXXU�]DNW��+HW�
JURRWVWH�QDGHHO�KLHUYDQ�LV�GDW�GDQ�RRN�GH�DQGHUH�JURHSVKRRIGHQ��GLH�ZHO�GH�MXLVWH�WHPSHUDWXXU�
KHEEHQ��YHUZDUPW�JDDQ�ZRUGHQ��ZDDUGRRU�GH]H�WH�ZDUP�ZRUGHQ�

DE NIEUWE MACHINE
ALLE GROEPEN DEZELFDE TEMPERATUUR

'H]H�NHX]H�LV�LHWV�GXXUGHU�RPGDW�KLHU�YRRU�HONH�JURHS�HHQ�HLJHQ�3,'�QRGLJ�LV��+HW�YRRUGHHO�
KLHUYDQ�LV�GDW�GH�NODQW�HONH�JURHS�]·Q�HLJHQ�WHPSHUDWXXU�NDQ�JHYHQ��9HUGHU�JDDW�ZRUGW�GH�JURHS�
DOOHHQ�RSJHZDUPG�ZDQQHHU�KLM]HOI�HHQ�WH�ODJH�WHPSHUDWXXU�EHUHLNW�

ALLE GROEPEN EEN EIGEN TEMPERATUUR

WEEGSCHALEN

(HQ�JURWH�K\SH�LQ�GH�NRIÀH�LQGXVWULH�LV�KHW�EHSDOHQ�YDQ�GH�7'6��7RWDO�'LVVROYHG�6ROLGV����'LW�
LV�GH�KRHYHHOKHLG�NRIÀH�ZDW�MH�XLWHLQGHOLMN�LQ�MH�H[WUDFWLH�KHEW�RSJHQRPHQ��'LW�KHHIW�LQYORHG�
RS�GH�WH[WXXU�HQ�LQWHQVLWHLW�YDQ�MH�NRIÀH��'LW�LQ�NDQ�EHSDDOG�ZRUGHQ�DDQ�GH�KDQG�YDQ�GH�
WRHQDPH�YDQ�KHW�JHZLFKW�YDQ�GH�NRIÀH�WHQ�RS]LFKWH�YDQ�ZDWHU��(HQ�KRJH�7'6�]RUJW�YRRU�HHQ�
VWHUNH�NRIÀH�HQ�HHQ�ODJHUH�7'6�YRRU�HHQ�PLOGHUH��'RRUPLGGHO�YDQ�HHQ�ZHHJVFKDDO�NDQ�GH]H�
YHUKRXGLQJ�EHUHNHQG�ZRUGHQ�

1 zie bronnenlijst, bron 1.10

DUURDERE AFWERKING

=RDOV�DO�EHVFKUHYHQ�LV�GH�DIZHUNLQJ�ELM�GH�EDVLVPDFKLQH�HUJ�VLPSOLVWLVFK�HQ�ZRUGHQ�GH�
JRHGNRRSVWH�]LMSDQHOHQ�JHEUXLNW��'H�NODQW�NDQ�YHUYROJHQV�]HOI�EHVOLVVHQ�RI�KLM�HHQ�GXXUGHUH�
DIZHUNLQJ�ZLO�

'H�NODQW�NDQ�HU�RRN�YRRU�NLH]HQ�RP�LQ�SODDWV�YDQ�GH�VWDQGDDUG�]LMSDQHOHQ�HHQ�FQF�JHIUHHVGH�
DOXPLQLXP�RI�JOD]HQ�]LMSDQHHO�WH�QHPHQ��2S�GH]H�]LMSDQHOHQ�NDQ�YHUYROJHQV�JHNR]HQ�ZRUGHQ�
RP�KHW�ORJR�YDQ�GH�PDFKLQH�QHHU�WH�]HWWHQ�RI�KHW�ORJR�YDQ�KHW�EHGULMI�

GLAZEN OF ALUMINIUM ZIJPANELEN

2P�]LMQ�PDFKLQH�QRJ�RSYDOOHQGHU�WH�PDNHQ�NDQ�GH�NODQW�HU�RRN�YRRU�NLH]HQ�RP�DDQ�GH�
DFKWHUNDQW�YDQ�GH�PDFKLQH�HHQ�OLFKWEDN�WH�SODDWVHQ��+LHUELM�ZRUGW�HHQ�SODDW�YDQDFKWHU�EHOLFKW�
GRRU�HHQ�7O�EXLV��2S�GH]H�SODDW�NDQ�YHUYROJHQV�KHW�ORJR�YDQ�KHW�EHGULMI�JHSULQW�ZRUGHQ��'H]H�
RSWLH�ZRUGW�RRN�RS�GH�6SLULW�JHOHYHUG�

LICHTBAK
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:DQQHHU�HU�JHHQ�SODDW�DFKWHU�GH�SOH[LJODV�DFKWHUSODDW�JHSODDWVW�ZRUGW�NDQ�HU�GH�PDFKLQH�
LQJHNHNHQ�ZRUGHQ��'H�NODQW�NDQ�HU�YHUYROJHQV�YRRU�NLH]HQ�RP�GH�ERLOHU�LQ�HHQ�EHSDDOGH�NOHXU�
WH�ODWHQ�VSXLWHQ�HQ�KLHU�]LMQ�EHGULMIVORJR�RS�WH�ODWHQ�GUXNNHQ�

GEKLEURDE BOILER

(U�PRHW�HHQ�UDQG�]LMQ�URQG�GH�NRSSHQWUD\�RP�WH�YRRUNRPHQ�GDW�GH�NRSMHV�HU�YDQDI�YDOOHQ��
%LM�GH�EDVLVPDFKLQH�LV�GH]H�UDQG�JHPDDNW�PHW�VWDDOGUDDG��ZDW�HHQ�FKLTXH�PDDU�HHQYRXGLJH�
XLWVWUDOLQJ�JHHIW��'H�NODQW�NDQ�HUYRRU�NLH]HQ�RP�GLW�WH�YHUYDQJHQ�GRRU�HHQ�JOD]HQ�UDQG�

GLAS AFWERKING ROND KOPPENTRAY

$OV�GH�NODQW�PHHU�NRSMHV�RS�GH�PDFKLQH�ZLO�YRRUYHUZDUPHQ�NDQ�KLM�HUYRRU�NLH]HQ�RP�HHQ�
YHUEUHHG�NRSSHQWUD\�WH�ODWHQ�SODDWVHQ��

VERBREEDDE KOPPENTRAY
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7LMGHQV�KHW�RQGHU]RHN�QDDU�GH�WHPSHUDWXXU�YDQ�KHW�ZDWHU�ZDW�GH�PDFKLQH�YHUODDW�YLHOHQ�WZHH�
RQGHUGHOHQ�RS��'H�PHVVLQJ���ZHJ�NOHS�NRHOGH�WLMGHQV�GH�UXVWSHULRGH�DI��ZDDUGRRU�KHW�ZDWHU�
YRRU�KHW�HHUVWH�VKRW�ZDW�QD�GH]H�UXVWSHULRGH�NZDP�YHHO�ZDUPWH�YHUORRU�DDQ�GH���ZHJ�NOHS��
(HQ�UXVWSHULRGH�LV�GH�WLMG�ZDDULQ�GH�PDFKLQH�QLHW�JHEUXLNW�ZRUG��+HW�WZHHGH�DDQGDFKWVSXQW�
ZDV�KHW�FURVVÁRZ�V\VWHHP�ELM�GH�RQGHUVWH�EDMRQHW��+LHU�ORRSW�KHW�NRXGH�NUDDQZDWHU�
ZDW�GH�ZDUPWHZLVVHODDU�ELQQHQ�JDDW�ODQJV�KHW�ZDUPH�ZDWHU�ZDW�WLMGHQV�GH�EHUHLGLQJ�GH�
ZDUPWHZLVVHODDU�YHUODDW��+HW�GRHO�KLHUYDQ�LV�GDW�KHW�NRXGH�ZDWHU�KHW�ZDUPH�ZDWHU�ZDW�DINRHOW��
RPGDW�GLW�ZDQQHHU�KHW�DQGHUV�ZDQQHHU�KHW�GH�PDFKLQH�YHUODDW�WH�ZDUP�LV��+HW�NRXGH�ZDWHU�
ZDUPGH�HFKWHU�WLMGHQV�VWLOVWDQG�YDQ�GH�PDFKLQH�RS��ZDDUGRRU�GLW�ZDWHU�KHW�ZDUPH�ZDWHU�QLHW�
PHHU�NRQ�NRHOHQ��'LW�JHEHXUGH�]R�VQHO�GDW�]HOIV�WLMGHQV�LQWHQVLHI�JHEUXLN�YDQ�GH�PDFKLQH�GH�
WHPSHUDWXXU�YDQ�KHW�ZDWHU�RQYRRUVSHOEDDU�ZHUG�

9RRU�KHW�HHUVWH�DDQGDFKWVSXQW��GH���ZHJ�NOHS��]LMQ�GULH�YHUVFKLOOHQGH�RSORVVLQJHQ�RQGHU]RFKW��
(HQ�JHwVROHHUGH�PHVVLQJ���ZHJ�NOHS��HHQ���ZHJ�NOHS�GLH�DDQ�KHW�JURHSVKRRIG�YHUERQGHQ�LV�HQ�
HHQ���ZHJ�NOHS�YDQ�596��1D�RQGHU]RHN�EOHHN�GH�YHUERQGHQ�NOHS�KHW�EHVWH�WH�IXQFWLRQHUHQ��
RPGDW�GH]H�NOHS�DFWLHI�GRRU�KHW�JURHSVKRRIG�ZRUGW�ZDUP�JHKRXGHQ��+HW�JURHSVKRRIG�
ZRUGW�WLMGHQV�UXVW�GRRU�KHW�WKHUPRVLIRQ�V\VWHHP�RS�WHPSHUDWXXU�JHKRXGHQ��7LMGHQV�KHW�
RQGHU]RHN�ZDV�GH���ZHJ�NOHS�PHW�HHQ�PHVVLQJ�EORN�DDQ�KHW�JURHSVKRRIG�YHUERQGHQ��YRRUDO�
ELM�GH���ZHJ�NOHS�]DW�KHW�EORN�QLHW�VWUDN�WHJHQ�GH���ZHJ�NOHS��'LW�NZDP�RPGDW�KHW�PL[EORN�
SODDWVLQJVJHYRHOLJ�LV��GDDURP�PRHVW�HU�HHQ�NULPSULQJ�WXVVHQ�JHSODDWVW�ZRUGHQ��:DQQHHU�GH]H�
RSORVVLQJ�LQ�GDDGZHUNHOLMN�GRRUJHYRHUG�ZRUGW�PRHW�GH���ZHJ�NOHS�EHWHU�YHUERQGHQ�ZRUGHQ��
'LW�]RX�GH�WHPSHUDWXXU�YDQ�KHW�XLWNRPHQGH�ZDWHU�QRJ�VWDELHOHU�PDNHQ�

+HW�WZHHGH�DDQGDFKWSXQW�]RUJGH�YRRU�HHQ�RQVWDELHOH�WHPSHUDWXXU�YDQ�KHW�XLWNRPHQGH�ZDWHU��
2P�GLW�WHJHQ�WH�JDDQ�LV�KHW�KHOH�V\VWHHP�YHUDQGHUG�GRRU�SDV�YODN�YRRU�KHW�JURHSVKRRIG�ZDUP�
HQ�NRXG�ZDWHU�WH�PHQJHQ��+HW�ZDUPH�ZDWHU�ZRUGW�YDQ�ERYHQ�XLW�GH�ZDUPWHZLVVHODDU�JHKDDOG��
ZDDU�KHW�DOWLMG������&�LV��+HW�NRXGH�ZDWHU�NRPW�XLW�GH�NUDDQ��2P�GLW�NRXGH�ZDWHU�RS�HHQ�
FRQVWDQWH�WHPSHUDWXXU�ELM�KHW�PL[EORN�WH�NULMJHQ�ZDV�QRJ�HHQ�UHGHOLMNH�XLWGDJLQJ��8LWHLQGHOLMN�
LV�GLW�JHUHDOLVHHUG�GRRU�HHQ�H[WHUQH�ERLOHU�GLH�HHQ�LQWHUQ�UHVHUYRLU�LPLWHHUW��'LW�UHVHUYRLU�
]RX�LQ�GH�XLWHLQGHOLMN�PDFKLQH�QHW�DFKWHU�KHW�JURHSVKRRIG�JHSODDWVW�ZRUGHQ�ZDDU�KHW�ZDWHU�
GH�LQZHQGLJH�WHPSHUDWXXU�YDQ�GH�PDFKLQH�RYHUQHHPW��'H�KRHYHHOKHLG�NRXG�ZDWHU�ZDW�PHH�
JHPHQJG�ZHUG�NDQ�EHSDDOG�ZRUGHQ�GRRU�PLGGHO�YDQ�HHQ�YHUVWHOEDDU�VWXZWMH��'LW�V\VWHHP�EOHHN�
YROGRHQGH�WH�ZHUNHQ��PDDU�RPGDW�HU�WRFK�DO�JHEUXLN�JHPDDNW�ZHUG�YDQ�HHQ�ZDUPWH�HOHPHQW�LQ�
GH�H[WHUQH�ERLOHU�LV�RRN�RQGHU]RFKW�ZDW�KHW�HIIHFW�]RX�]LMQ�ELM�HHQ�KRJHUH�ERLOHUWHPSHUDWXXU��
'LW�EOHHN�HHQ�QRJ�EHWHU�UHVXOWDDW�RS�WH�OHYHUHQ�

2P�GH�WZHHGH�ERLOHU�LQ�KHW�V\VWHHP�LQ�WH�NXQQHQ�ERXZHQ�PRHW�GH�PDFKLQH�LQZHQGLJ�
EHKRRUOLMN�YHUDQGHUG�ZRUGHQ��1D�RYHUOHJ�ZDV�EHVORWHQ�RP�KLHU�HHQ�JHKHHO�QLHXZH�
PDFKLQH�YDQ�WH�PDNHQ�GLH�JHEUXLN�PDDNW�YDQ�HHQ�GXEEHO�ERLOHU�V\VWHHP��,Q�GLW�YHUVODJ�LV�HHQ�
RQWZHUSYRRUVWHO�JHJHYHQ��9RRUGDW�KLHU�HHQ�ZHUNHOLMNH�PDFKLQH�XLW�YRRUW�NDQ�NRPHQ�PRHW�GLW�
QRJ�YHUGHU�RQGHU]RFKW�HQ�RQWZRUSHQ�ZRUGHQ���

CONCLUSIE EN AANBEVELINGEN
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,Q�GLW�KRRIGVWXN�]XOOHQ�GH�QLHXZH�EHJULSSHQ�ZDW�YHUGHU�WRHJHOLFKW�ZRUGHQ��'H�EHJULSSHQ�VWDDQ�
RS�DOIDEHWLVFKH�YROJRUGH�

BEGRIPPENLIJST
CC

&F�VWDDW�YRRU�FXELF�FHQWLPHUH��NXELHNH�FHQWLPHWHU��RIZHO�FP���'LW�JHHIW�GH�KRHYHHOKHLG�ZDWHU�
ZHHU�LQ�GH�LQKRXG�GLH�KHW�LQQHHPW����FF�LV�JHOLMN�DDQ���PLOOLOLWHU�

DOUCHE

'H�GRXFKH�]LW�LQ�KHW�JURHSVKRRIG�KHOHPDDO�RQGHUDDQ�KHW�V\VWHHP��+LHU�NRPW�KHW�ZDWHU�DOV�
ODDWVWH�GRRUKHHQ�YRRUGDW�KHW�GH�NRIÀH�EHUHLNW��+HW�GRHO�YDQ�GH]H�GRXFK�LV�RP�KHW�ZDWHU�WH�
YHUGHOHQ�RYHU�KHW�JHKHOH�RSSHUYODNWH�YDQ�KHW�NRIÀHEHG��2RN�]RUJHQ�GH�NOHLQH�JDDWMHV�LQ�GH�
GRXFKH�HUYRRU�GDW�RYHU�KHW�JHKHOH�RSSHUYODNWH�YDQ�KHW�NRIÀHEHG�KHW�ZDWHU�PHW�GH]HOIGH�GUXN�
HUXLW�NRPW��GLW�LV�QRGLJ�RP�HHQ�JRHGH�H[WUDFWLH�WH�NULMJHQ��$IEHHOGLQJ�E���ODDW�GH�GRXFKH�LQ�KHW�
JURHSVKRRIG�]LHQ�HQ�RS�DIEHHOGLQJ�E���]LH�MH�HHQ�ERYHQ�HQ�RQGHU�DDQ]LFKW�YDQ�GH�GRXFKH��+LHU�
LV�JRHG�WH�]LHQ�KRH�KHW�ZDWHU�YHUGHHOG�ZRUGW��HHUVW�ZRUG�KHW�ZDWHU�GRRU�JURWH�JDDWMHV�JHOHLG��
HQ�GDDUQD�NRPW�KHW�GRRU�HHQ�KHOH�ÀMQH�]HHI��'H]H�GRXFKH�YRRUNRPW�RRN�GDW�HU�HYHQWXHHO�YXLO�
ZDW�LQ�GH�PDFKLQH�LV�ORVJHNRPHQ�XLWJHÀOWHUG�ZRUGW�

Afbeelding b.1:  Douche in het groepshoofd            $IEHHOGLQJ�E�����%RYHQ��HQ�RQGHUDDQ]LFKW�GRXFKHVFKHUP

KOFFIEBED

'H�JHWDPSWH��DDQJHVWDPSWH��NRIÀH�LQ�KHW�ÀOWHUEDNMH�ZRUGW�PHHVWDO�GH�SXFN�RI�KHW�NRHNMH�
JHQRHPG��'H�ERYHQNDQW�YDQ�GLH�NRHNMH�ZRUGW�KHW�NRIÀHEHG�JHQRHPG��'H]H�JHHIW�HHQ�EHSDDOGH�
ZHHUVWDQG�GRRUGDW�KHW�PHW����1�JHWDPSW�LV�HQ�ZDQQHHU�KHW�GH�NRIÀH�QDW�ZRUGW�ZHOW�GLW�QRJ�
LHWV�H[WUD�RS�ZDDUGRRU�GH�ZHHUVWDQG�QRJ�PHHU�WRHQHHPW��$IEHHOGLQJ�E���ODDW�HHQ�JHEUXLNW�
NRIÀHNRHNMH�ZHHU�
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BEGRIPPENLIJST

$IEHHOGLQJ�E����(HQ�NRIÀHNRHNMH

KOFFIESYSTEEM

+HW�NRIÀHV\VWHHP�LV�KHW�HQLJVWH�GHHO�YDQ�GH�PDFKLQH�GLH�JHEUXLNW�ZRUGW�YRRU�GH�EHUHLGLQJ�
YDQ�GH�NRIÀH��+LHUWRH�ZRUGW�GXV�DOOHHQ�GH�SRPS��GH�ZDUPWHZLVVHODDU��KHW�JURHSVKRRIG�HQ�GH�
YHUELQGHQGH�EXL]HQ�JHEUXLNW��,Q�DIEHHOGLQJ�E���LV�WH�]LHQ�KRH�KHW�ZDWHU�WLMGHQV�EHUHLGLQJ�GRRU�
KHW�NRIÀHV\VWHHP�ORRSW�

$IEHHOGLQJ�E����+HW�NRIÀHV\VWHHP�WLMGHQV�EHUHLGLQJ
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BEGRIPPENLIJST
PID-REGELAAR

3,'�VWDDW�YRRU�PURSRUWLRQHHO��IQWHJUHUHQG�HQ�DLIIHUHQWLsUHQG���'H]H�GULH�OHWWHUV�VWDDQ�YRRU�
GH�GULH�YHUVFKLOOHQGH�IXQFWLHV�GLH�KLM�XLWYRHUW��+HW�SURSRUWLRQHOH�GHHO�YHUVWHUNW�KHW�YHUVFKLO�
WXVVHQ�GH�ZHQVZDDUGH�HQ�GH�JHPHWHQ�ZDDUGH�PHW�GH�IDFWRU�.U��+HW�LQWHJUHUHQGH�GHHO�EOLMIW�
VLJQDOHQ�XLWVWXUHQ�]RODQJ�HU�HHQ�YHUVFKLO�LV�WXVVHQ�GH�JHPHWHQ�HQ�JHZHQVWH�ZDDUGH��ZDDUGRRU�
KHWJHHQ�GH�3,'�UHJHOW�DDQ�EOLMIW�VWDDQ��+HW�GLIIHUHQWLsUHQGH�GHHO�]RUJW�YRRU�GH�VQHOKHLG�ZDDURS�
GH�UHJHODDU�UHDJHHUW��GLW�YRRUNRPW�GDW�GH�JHPHWHQ�ZDDUGH�GH�JHZHQVWH�ZDDUGH�YRRUELMVFKLHW��
'H�IRUPXOH�KLHURQGHU�JHHIW�ZHHU�KRH�HHQ�3,'�ZHUNW��+LHUELM�LV�X�W��GH�XLWJDQJ�YDQ�GH�UHJHODDU��
.U�GH�SURSRUWLRQHOH�DFWLH��3�GHHO���7L�GH�LQWHJUDWLH�WLMG�YDQ�GH�UHJHODDU��,�GHHO��HQ�7G�GH�
GLIIHUHQWLDWLHWLMG�YDQ�GH�UHJHODDU��'�GHHO���9HUGHU�LV�H�W��KHW�YHUVFKLO�WXVVHQ�GH�JHPHWHQ�ZDDUGH�
HQ�GH�JHZHQVWH�ZDDUGH�

1 zie bronnenlijst, bron 1.11

SHOT

(HQ�VKRW�LV�KHW�ZDWHU�ZDW�XLWHLQGHOLMN�XLW�GH�PDFKLQH�NRPW��'LW�JHEHXUW�WXVVHQ�KHW�RSHQHQ�HQ�
VOXLWHQ�YDQ�GH�JURHSVNOHS��,GHDDO�JH]LHQ�OLJW�GLW�WXVVHQ�GH����HQ����VHFRQGH��'H�VKRWV�GLH�LQ�GLW�
RQGHU]RHN�JHGDDQ�ZRUGHQ�VWUHYHQ�QDDU�GH����VHFRQGH�

SSR

665�VWDDW�YRRU�6ROLG�6WDWH�5HODLV��LQ�KHW�1HGHUODQGV��KDOIJHOHLGHUUHODLV���GLW�ZRUGW�JHEUXLNW�RP�
GH�PDFKLQH�WH�VFKDNHOHQ��'LW�LV�HHQ�UHODLV�]RQGHU�EHZHJHQGH�GHOHQ��ZDDUGRRU�KHW�ODQJHU�PHH�
JDDW��(HQ�UHODLV�VFKDNHOW�HHQ�VHFXQGDLUH�NULQJ�GRRU�PLGGHO�YDQ�HHQ�YDVWJHOHJG�VLJQDDO�RS�GH�
LQJDQJ��$IEHHOGLQJ�E���ODDW�GH�WZHH�665·V�]LHQ�GLH�XLWHLQGHOLMN�LQ�GH�PDFKLQH�]DWHQ�

$IEHHOGLQJ�E����'H�665·V�LQ�JHEUXLN
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BEGRIPPENLIJST
TAMPEN

+HW�GRHO�YDQ�WDPSHQ�LV�KHW�YODN�DDQGUXNNHQ�YDQ�GH�NRIÀH��'H�JHPDOHQ�NRIÀH�ELHG�DOV�KHW�
ORV�LQ�KHW�ÀOWHUEDNMH�JHGDDQ�ZRUGW�QDXZHOLMNV�ZHHUVWDQG�WHJHQ�GH���EDU�GUXN�YDQ�KHW�ZDWHU��
+LHUGRRU�]RX�KHW�ZDWHU�HU�ELQQHQ�HHQ�SDDU�VHFRQGHQ�GRRUKHHQ�VFKLHWHQ�HQ�KHHIW�KHW�JHHQ�
WLMG�RP�GH�DURPD·V�XLW�GH�NRIÀH�WH�DEVRUEHUHQ��'DDURP�ZRUG�GH�JHPDOHQ�NRIÀH�DDQJHGUXNW�
PHW�HHQ�WDPSHU��'LW�JHEHXUW�PHW�RQJHYHHU����1HZWRQ��$OV�GLW�JHEHXUG�LV�JHHIW�GH�JHPDOHQ�
NRIÀH�ZHO�ZHHUVWDQG�HQ�]RUJW�KHW�HUYRRU�GDW�GH����PO�ZDWHU�HU�RQJHYHHU�������VHFRQGHQ�
RYHU�GRHW�YRRUGDW�KHW�GRRU�GH�NRIÀH�KHHQ�JH]DNW�LV��+HW�LV�ELM�KHW�WDPSHQ�EHODQJULMN�RP�GLW�
UHFKW�WH�GRHQ��RPGDW�MH�DQGHUV�GHOHQ�LQ�GH�NRIÀH�NULMJW�GLH�KHW�ZDWHU�PDNNHOLMNHU�RI�PRHLOLMNHU�
GRRUODWHQ�ZDDUGRRU�MH�HHQ�RQJHOLMNH�H[WUDFWLH�NULMJW��$IEHHOGLQJ�E���ODDW�GH���VWDSSHQ�YDQ�
WDPSHQ�]LHQ��(HUVW�GRH�MH�GH�JHPDOHQ�NRIÀH�LQ�KHW�ÀOWHUEDNMH��GDDUQD�VWULMN�MH�KHW�JODG�RP�GH�
NRIÀH�JHOLMN�RYHU�KHW�EDNMH�WH�YHUGHOHQ��$OV�GHUGH�VWDS�GUXN�MH�KHW�DDQ�PHW�HHQ�WDPSHU��]LH�
DIEHHOGLQJ�E�����6WDS���JHHIW�KHW�HLQGUHVXOWDDW�ZHHU�

$IEHHOGLQJ�E����+HW�WDPS�SURFHV� $IEHHOGLQJ�E����(HQ�WDPSHU

VERSTELBAAR STUWTJE

+HW�YHUVWHOEDUH�VWXZWMH��RI�VRPV�RRN�ZHO�KHW�QDDOGNUDDQWMH�JHQRHPG��LV�HHQ�QDDOG�PHW�HHQ�
VFKURHIGUDDG��'RRU�GLW�VFKURHIGUDDG�NDQ�GH�SXQW�YDQ�GH�QDDOG�YHUSODDWVW�ZRUGHQ�ZDDUGRRU�GH�
GRRUJDQJ�WXVVHQ�KHW�YHUVWHOEDUH�VWXZWMH�LQ�KHW�JDW�ZDDU�KLM�LQVWHHNW�YDULHHUW��$IEHHOGLQJ�E���ODDW�
GH�JHEUXLNWH�QDDOGNUDDQ�]LHQ�

$IEHHOGLQJ�E����9HUVWHOEDUH�VWXZWMH
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BEGRIPPENLIJST
WATERMETER

'H�ZDWHUPHWHU�PHHW�GH�KRHYHHOKHLG�ZDWHU�ZDW�HUGRRUKHHQ�ORRSW��'LW�LV�QRGLJ�YRRU�GH�
LQJHVWHOGH�NQRSSHQ�YDQ�GH�WRXFKSDG��+LHUGRRU�ZHHW�GH�PDFKLQH�QDPHOLMN�KRHYHHO�ZDWHU�KLM�
QRJ�PRHW�XLWJHYHQ�YRRUGDW�KLM�GH�JURHSVNOHS�GLFKW�GRHW��$IEHHOGLQJ�E���JHHIW�GH�ZDWHUPHWHU�
ZHHU��2S�DIEHHOGLQJ�E����LV�]LMQ�GH�NQRSSHQ�YDQ�KHW�WRXFKSDG�WH�]LHQ�

$IEHHOGLQJ�E����'H�ZDWHUPHWHU �$IEHHOGLQJ�E�����7RXFKSDG

ZETGROEP

'H�]HWJURHS�LV�KHW�JURHSVKRRIG�SOXV�GH�OHLGLQJHQ�GLH�KHP�YRHGHQ��,Q�KHW�JHYDO�YDQ�GH�0LUDJH�
ZRUGW�GH�(���]HWJURHS�JHEUXLNW��'H]H�PDDNW�JHEUXLN�YDQ�HHQ�PHVVLQJ�JURHSVKRRIG�HQ�ZRUGW�
ZDUP�JHKRXGHQ�GRRU�HHQ�WKHUPRVLIRQ�V\VWHHP�LQ�GH�ERYHQVWH�NDPHU�YDQ�KHW�JURHSVKRRIG��
+HW�ZDWHU�YDQ�GH�]HWJURHS�ZRUGW�RSJHZDUPG�GRRU�HHQ�ZDUPWHZLVVHODDU��2S�DIEHHOGLQJ�E����LV�
HHQ�VFKHPDWLVFKH�WHNHQLQJ�YDQ�DOOH�OHLGLQJHQ�GLH�VDPHQ�GH�]HWJURHS�YRUPHQ�WH�]LHQ�

$IEHHOGLQJ�E�����6FKHPDWLVFKH�WHNHQLQJ�YDQ�GH�]HWJURHS
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2PGDW�GLW�YHUVODJ�XLW�GULH�GHOHQ�EHVWDDW�]LMQ�GH�EURQQHQ�KLHU�RRN�LQ�RQGHUYHUGHHOW��:DQQHHU�
GH�EURQ�LQ�KHW�YHUVODJ�JHEUXLNW�ZRUGW��ZRUGW�RQGHU�DDQ�GH�SDJLQD�KHW�QXPPHU�YDQ�GLH�EURQ�
JHJHYHQ��KLHURQGHU�ZRUGW�ELM�KHW�FRUUHVSRQGHUHQGH�QXPPHU�GH�EURQ�JHJHYHQ�

BRONNENLIJST

���� KWWS���NHHVYDQGHUZHVWHQ�FRP�LQGH[�KWPO
���� KWWS���NHHVYDQGHUZHVWHQ�FRP�HDUOLHU�ZRUN�0,675$/�JURRW��MSJ
���� KWWS���NHHVYDQGHUZHVWHQ�FRP�LPDJHV�VPDOO�PLUDJH�WULSOHWWH�FODVVLF�MSJ
���� KWWS���NHHVYDQGHUZHVWHQ�FRP�LPDJHV����SL[HOV�VSHHGVWHU�6SHHGVWHU�URRG�JHHO���MSJ
���� KWWS���NHHVYDQGHUZHVWHQ�FRP�LPDJHV�VSLULW�VSLULW�GXHWWH�EDVWRQH�VWDQGDUG�ÀQLVKHV�MSJ
���� KWWS���NHHVYDQGHUZHVWHQ�FRP�LPDJHV�VPDOO�PLUDJH�GXHWWH�FODVVLF�MSJ
���� KWWS���NHHVYDQGHUZHVWHQ�FRP�LPDJHV�VPDOO�PLUDJH�GXHWWH�YHORFH�MSJ
���� KWWS���NHHVYDQGHUZHVWHQ�FRP�QHZV�PLUDJHBEDVWRQH�WRWDDO�MSJ
���� KWWS���NHHVYDQGHUZHVWHQ�FRP�LPDJHV�VPDOO�PLUDJH�LGURFRPSUHVVR�MSJ
����� KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�7RWDOBGLVVROYHGBVROLGV
����� KWWS���QO�ZLNLSHGLD�RUJ�ZLNL�3,'�UHJHODDU

$OOH�ERYHQVWDDQGH�VLWHV�]LMQ�LQ�WXVVHQ�VHSWHPEHU������HQ�IHEUXDUL������EH]RFKW

EINDVERSLAG

����� KWWS���QO�ZLNLSHGLD�RUJ�ZLNL�7KHUPRNRSSHO

ONDERZOEKSRAPPORT

����� KWWS���ZZZ�ZKROHODWWHORYH�FRP�DUWLFOHV�H��BEUHZBJURXS�FIP
����� KWWS���FRIIHHWLPH�ZLNLGRW�FRP�ORFDO��ÀOHV�H���H���MSJ
����� KWWS���LPDJHV�SLFRWHFK�FRP�WF���WKHUPRFRXSOH�GDWD�ORJJHU�MSJ
����� KWWS���ZZZ�SLFRVFRSH�QO�IRWR�GDWDORJJHU�VH����WKHUPRFRXSOH�MSJ
���� KWWS���FRPSDFW�GHVLJQV�FRP�DX�LPDJHV����MSJ
����� KWWS���QO�ZLNLSHGLD�RUJ�ZLNL�%DUB���GUXN����
����� KWWS���ZZZ�HQJLQHHULQJWRROER[�FRP�SUHVVXUH�GB����KWPO��
���� KWWS���ZZZ�HIXQGD�FRP�PDWHULDOV�ZDWHU�VWHDPWDEOHBVDW�FIP�
����� KWWS���QO�ZLNLSHGLD�RUJ�ZLNL�7KHUPLVFKHBJHOHLGEDDUKHLG�
����� KWWS���ZZZ�HQJLQHHULQJWRROER[�FRP�DLU�SURSHUWLHV�GB����KWPO�
������ KWWS���ZZZ�FRSSHU�RUJ�UHVRXUFHV�SURSHUWLHV�FU\RJHQLF��
������ KWWS���ZZZ�ND\HODE\�QSO�FR�XN�JHQHUDOBSK\VLFV��B���B�B��KWPO�
������ KWWS���ZZZ�QLVW�JRY�GDWD�QVUGV�165'6�1%6���SGI�

$OOH�ZHEVLWHV�]LMQ�WXVVHQ�VHSWHPEHU������HQ�IHEUXDUL������JHEUXLNW�

BIJLAGE


