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=86$00(1)$6681*(LQH�RIIHQH�6RUSWLRQVVSHLFKHUDQODJH�ZXUGH�DXIJHEDXW�XQG�/DGH� VRZLH�(QWODGH]\NOHQ�DXVJHPHVVHQ��'LH�7HPSHUDWXUYHU�OlXIH�LP�/DGH� XQG�LP�(QWODGH]\NOXV�]HLJHQ�LP�(LQWULWWVEHUHLFK�GHU�/XIW�LQ�GHQ�6SHLFKHU��LQ�GHQ�HUVWHQ�6FKLFKWHQ�GHV�6RUS�WLRQVPDWHULDOV��ODWHUDO�HLQH�LQKRPRJHQH�9HUWHLOXQJ��'LHVH�,QKRPRJHQLWlW�NDQQ�GXUFK�GHQ�(LQEDX�YRQ�/HLWEOHFKHQ��]XU�9HU�EHVVHUXQJ�GHU�6W|PXQJVYHUWHLOXQJ�GHU�/XIW��UHGX]LHUW�ZHUGHQ��%HL�EHLGHQ�=\NOHQ�PXVV�GLH�VHQVLEOH�:lUPH�LQ�GHQ�6SHLFKHU�JHEUDFKW�ZHUGHQ��'LHV�lXVVHUW�VLFK�LQ�HLQHU�9HU]|JHUXQJ�YRQ�Wv ��PLQ�GHV�7HPSHUDWXUDQVWLHJV�DP�$XVWULWW�,P� /DGH]\NOXV� WUHWHQ� ]ZHL� 7URFNQXQJVDEVFKQLWWH� DXI��)�U� GLH�/DGHWHPSHUDWXUHQ�YRQ�����&������&�XQG�����&�VLQNW� LP�HUVWHQ�$EVFKQLWW�GLH�/XIWWHPSHUDWXU�7�DXI�GLH�%HKDUUXQJVWHPSHUDWXU�7. GHU�=HROLWKREHUIOlFKH�YRQ�UXQG����&�DE��E]Z��VWHLJW�GLH�7HPSHUDWXU�DQ�GHU�=HROLWKREHUIOlFKH�LQ�GHQ�%HUHLFK�YRQ�7. DQ��hEHU�GLH�(QHUJLHJOHLFKXQJ�LVW�GLHVHU�7HPSHUDWXUYHUODXI�LWHUDWLY�EHVWLPPEDU��,P�]ZHLWHQ�7URFNXQJVDEVFKQLWW�VWHLJW�GLH�7HPSHUDWXU�GHV�6RUSWLRQVPDWHLDOV��E]Z��GHU�/XIW�DP�$XVWULWW��NRQWLQXLHUOLFK�LQ�HLQHP�H�)XQNWLRQVYHUODXI�DQ��%HLP�(QWODGH]\NOXV�VWHLJW�GLH�7HPSHUDWXU�LP�)HVWEHWW�]X�%HJLQQ�GHV�=\NOXV�VHKU�VFKQHOO�DQ�XQG�IlOOW�QDFK�(UUHLFKHQ�GHU�6lWWLJXQJ�ODQJVDPHU�DE��'LH�VLFK�DXVELOGHQGH�6WRII�EHUJDQJV�� XQG�7HPSHUD�WXUIURQW�ZDQGHUW�PLW�HLQHU�*HVFKZLQGLJNHLW�YRQ��FP�PLQ�ELV��FP�PLQ�GXUFK�GHQ�6RUSWLRQVVSHLFKHU�)�U�GHQ�)DOO�GHU�=XIXKU�YRQ�8PJHEXQJVOXIW�PLW�HLQHU�7HPSHUDWXU�YRQ����&�XQG�HLQHU�UHODWLYHQ�)HXFKWH�YRQ�����HUJLEW�HLQH�$EVFKlW]XQJ�GHU�7HPSHUDWXUHUK|KXQJ�GHU�/XIW�LP�6RUSWLRQVVSHLFKHU����&��'LHVHU�7HPSHUDWXUOLIW�LVW�]ZDU�EHDFKWOLFK��I�U�GLH�$XIEHUHLWXQJ�YRQ�:DUPZDVVHU� LVW� HU� ]X�NQDSS��'DKHU� LVW�HLQ�8PEDX�DXI�HLQ�JHVFKORVVHQHV�XQWHU�9DNXXP�DUEHLWHQGHV�6\VWHP�JHSODQW��'LH�9HUGDPSIXQJ�YRQ�:DVVHU�NDQQ�LP�JHVFKORVVHQHQ�6\VWHP�'UXFN�DEKlQJLJ�VFKRQ�EHL�7HPSHUDWXUHQ�DE�����&�HUIROJHQ�,Q�HLQHU� LQWHUQDWLRQDOHQ�=XVDPPHQDUEHLW� N|QQHQ�'DWHQ�XQG�(UIDKUXQJHQ�DXVJHWDXVFKW�XQG�DQ�JHPHLQVDPHQ�3URMHNWHQ�3UREOHPH�JHO|VW�ZHUGHQ�



6��3URMHNW��6RUSWLRQVVSHLFKHU

3URMHNW]LHOH
'XUFK�GHQ�$XIEDX�HLQHU�6RUSWLRQVSHLFKHUDQODJH�LP�/DERUPDVVVWDE�VROOHQ�(UIDKUXQJHQ�LP�%HWULHE�JHVDPPHOW�XQG� $XVVDJHQ� ]X� GHUHQ� %HWULHEVEHGLQJXQJHQ� JHPDFKW� ZHUGHQ�� 'LH� %DXWHLOH� GHV� 6\VWHPV� VLQG� LQ�9DNXXPDXVI�KUXQJ�]XP�(LQVDW]�LP�RIIHQHQ�VRZLH�LP�JHVFKORVVHQHQ�6\VWHPW\S��'DV�6RUSWLRQVPDWHULDO�PXVV�GXUFK�HLQH�/LWHUDWXUUHFKHUFKH�EHVWLPPW�ZHUGHQ�
'XUFKJHI�KUWH�$UEHLWHQ�XQG�HUUHLFKWH�(UJHEQLVVH
$XIEDX�GHU�$QODJH� 'LH�6RUSWLRQVVSHLFKHUDQODJH�ZXUGH�DXIJHEDXW��6LH�EHVWHKW�DXV�IROJHQGHQ�7HLOHQ��GHP�6RUSWLRQVVSHLFKHUPRGXO�]XU�$XIQDKPH�GHV�6RUSWLRQVPDWHULDOV��=HROLWK���GHP�:lUPHWDXVFKHU�]XU�(QWQDKPH�GHU�:lUPH�DXV�GHU�$QODJH��GHU�:DVVHUYRUODJH�DOV�6SHLFKHU�I�U GHQ�$GVRUSWLRQVVWRII��:DVVHU���GHP�9HQWLOD�WRU� ]XU� )|UGHUXQJ� GHU� /XIW�� ZHOFKH� GLH� )HXFKWLJNHLW�XQG� GLH� :lUPH� LQ� GHU� $QODJH� WUDQVSRUWLHUW�� GHQ�9HUELQGXQJVURKUOHLWXQJHQ�� GHQ� 0HVVI�KOHUQ� I�U�7HPSHUDWXU�� )HXFKWH� XQG� 'XUFKIOXVV�� GHU�'DWHQHUIDVVXQJ�PLW�HLQHP�/RJJHU�XQG�3&��,Q�)LJ����LVW� HLQ� )RWR� GHU�$QODJH� RKQH�:lUPHGlPPXQJ�XQG�RKQH�9HUVFKDOXQJ�]X�VHKHQ�$OV� 6RUSWLRQVPDWHULDO� ZXUGH� =HROLWK� ��;�������=(2&+(0� 02/(.8/$56,(%�� PLW� HLQHP�.XJHOGXUFKPHVVHU� YRQ� �� ± �� PP� HLQJHVHW]W�� 'LH�$GVRUSWLRQ� YRQ� :DVVHU� LVW� EHL� GLHVHP6RUSWLRQVPDWHULDO��EHU�HLQHQ�EUHLWHQ�)HXFKWHEHUHLFK�GHU�/XIW�DP�JU|VVWHQ�

)LJ�� ��� )RWR� GHU� 6RUSWLRQVVSHLFKHUDQODJH�� /LQNV� LVW�GDV�6RUSWLRQVPRGXO��UHFKWV�GHU�:lUPHWDXVFKHU�XQG�GHU� 9HQWLODWRU�� 8QWHQ� EHILQGHW� VLFK� GLH�:DVVHUYRUODJH�� 'HU� :lUPHWDXVFKHU� XQG� GDV�6RUSWLRQVPRGXO� VLQG� �EHU� ]ZHL� 5RKUOHLWXQJHQ�YHUEXQGHQ��%LOG��63)�



6��3URMHNW�6RUSWLRQVVSHLFKHU

/DGH]\NOXV� 'LH�%HODGXQJ�GHV�=HROLWK���;�PLW�:DVVHU�LVW�HLQH�)XQNWLRQ�GHU�7HPSHUDWXU�XQG�GHV�3DUWLDOGUX�FNHV�YRQ�:DVVHUGDPSI��6RPLW�ZLUG�]XU�5HJHQHUDWLRQ�GHV�6RUSWLRQVPDWHULDOV�KHLVVH��WURFNHQH�/XIW�GXUFK�GDV�6SHLFKHUPRGXO�JHEODVHQ�XP�GDV�DGVRUELHUWH�:DVVHU�]X�YHUGDPSIHQ�XQG�DE�]X�WUDQVSRUWLHUHQ��,Q�)LJ����LVW�GHU�7HPSHUDWXUYHUDXI�LP�6SHLFKHUPRGXO�LQ�HLQHP�/DGH]\NOXV�EHL�����&�/XIW�7HPSHUDWXU�7��GDUJHVWHOOW��'HU�9HUODXI�GHU�$XVWULWWVWHPSHUDWXU�7���GHU�/XIW�]HLJW�GUHL�$EVFKQLWWH��1DFK�HLQHU�9HU]|JHUXQJV]HLW�WV YRQ����0LQ��VWHLJW�GLH�7HPSHUDWXU�DXI�7k, GLH�%HKDUUXQJVWHPSHUDWXU�DQ��XQG�GDQQ�QlKHUW�VLH�VLFK�ODQJVDP�GHU�/XIW�(LQ�WULWWVWHPSHUDWXU��:lKUHQG�GHU�9HU]|JHUXQJV]HLW�ZLUG�GLH�VHQVLEOH�:lUPH�LQ�GHQ�6SHLFKHU�JHEUDFKW��G��K��GLH�LQ�GHQ�HUVWHQ�=RQHQ�GHV�6SHLFKHUV� IUHL�ZHUGHQGH�(QHUJLH�KHL]W�GLH�/XIW�DXI�XQG�GLH�ZDUPH�/XIW��EHUWUlJW�GLHVH�(QHUJLH� LQ�GLH�QDFKIROJHQGHQ�=RQHQ�GHV�6SHLFKHUV��'LH�$XIZlUPXQJ�HUIROJW� LQ�GHQ�HLQ]HOQHQ�=RQHQ�ELV�]XU�%HKDUUXQJVWHPSHUDWXU�7k YRQ����&�EHL�ZHOFKHU�GHU�DEJHGDPSIWH�0DVVHQVWURP�:DVVHUGDPSI�NRQ�VWDQW�EOHLEW��(UVW��ZHQQ� LQ�DOOHQ�=RQHQ�GLH�(QHUJLH]XIXKU�PLW�GHU�KHLVVHQ�/XIW�GLH�GXUFK�GHQ�:DVVHUGDPSI�DEJHI�KUWH� (QHUJLH� �EHUVWHLJW�� LVW� HLQ� $QVWLHJ� GHU� $XVWULWWVWHPSHUDWXU� GHU� /XIW� ZLHGHU�P|JOLFK�� GHU� ]ZHLWH�7URFNQXQJVDEVFKQLWW�EHJLQQW�>����@��

)LJ�� ��� /DGH]\NOXV� LP�6RUSWLRQVVSHLFKHU�PLW� /XIW� YRQ�����&��'LH�*UDILN� ]HLJW� GLH�7HPSHUDWXU�7� LP�6RUSWL�RQVVSHLFKHU�LQ�$EKlQJLJNHLW�YRQ�GHU�=HLW�W�DQ�GHQ�3RVLWLRQHQHQ�]�GHU�7HPSHUDWXUI�KOHU��7��������7���LP�6SHL�FKHU��0LW�7��XQG�7���ZLUG�GLH�7HPSHUDWXU�GHU�/XIW�DP�(LQWULWW�E]Z��DP�$XVWULWW�EH]HLFKQHW��'LH�7HPSHUDWXU�7k ����&�ZLUG�DOV�DGLDEDWLVFKH�%HKDUUXQJVWHPSHUDWXU�EH]HLFKQHW�XQG�LVW�FKDUDNWHULVWLVFK�I�U�GHQ�HUVWHQ�7URFN�QXQJVDEVFKQLWW��'LH�3IHLOH� LP�'LDJUDPP�UHSUlVHQWLHUHQ�GLH�=HLWHQ�I�U�GHQ�$QVWLHJ�GHU�7HPSHUDWXUHQ�7�EHL�]XQHKPHQGHU� =HLW� W�� 5HFKWV� LVW� HLQH� VFKHPDWLVFKH� 'DUVWHOOXQJ� GHV� 6SHLFKHUPRGXOV� PLW� GHU� 3RVLWLRQ� GHU�7HPSHUDWXUI�KOHU�
'LH�7HPSHUDWXUHQ�LP�%HUHLFK�GHU�7HPSHUDWXUI�KOHU�7����7���XQG�7���VLQG�QLFKW�JOHLFK�XQG�]HLJHQ�HLQH�]HLWOL�FKH�9HUVFKLHEXQJ�YRQ�'W� ����0LQ�EHL�GHU�JOHLFKHQ�7HPSHUDWXU�7� ����&�XQG�HLQHQ�7HPSHUDWXUXQWHUVFKLHG�YRQ�'7� ������&�EHL�GHU�JOHLFKHQ�=HLW��'LHVH�=HLW� XQG�7HPSHUDWXUVSUHL]XQJHQ�VLQG�DXI�HLQH� LQKRPRJHQH�6WU|PXQJVYHUWHLOXQJ�LP�6SHLFKHU�]XU�FN�]X�I�KUHQ��'XUFK�GLH�KRPRJHQLVLHUHQGH�:LUNXQJ�GHV�)HVWEHWWHV�DXI�GLH�GXUFKVWU|PHQGH�/XIW�VLQNW�GLHVH�6SUHL]XQJ�GHU�7HPSHUDWXUHQ�DQ�GHU�3RVLWLRQ�7���7��XQG�7��VWDUN�DE��'LH�9HUOlXIH� GHU� 7HPSHUDWXUHQ� LQ� /DGH]\NOHQ� PLW� 7HPSHUDWXUHQ� YRQ� ����&� XQG� ����&� VLQG� YHUJOHLFKEDU�PLW�MHQHQ�EHL�����&��$XI�HLQH�'DUVWHOOXQJ�LQ�GLHVHP�%HULFKW�ZLUG�YHU]LFKWHW�
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6��3URMHNW��6RUSWLRQVVSHLFKHU

)LJ�� ��� /DGH]\NOXV� LP�6RUSWLRQVVSHLFKHU�PLW� /XIW� YRQ�����&��'LH�*UDILN� ]HLJW� GLH�7HPSHUDWXU�7� LP�6RUSWL�RQVVSHLFKHU�LQ�$EKlQJLJNHLW�YRQ�GHU�3RVLWLRQ�]�GHU�7HPSHUDWXUI�KOHU��7��������7���LP�6SHLFKHU�XQG�GHU�=HLW�W��0LW� 7��XQG�7���ZLUG�GLH�7HPSHUDWXU�GHU�/XIW�DP�(LQWULWW�E]Z��DP�$XVWULWW�EH]HLFKQHW��'LH�7HPSHUDWXU�7k  ����&� OLHJW�EHL�GLHVHU�$XVZHUWXQJ���&�K|KHU�DOV� LQ�)LJ����DQJHJHEHQ��'LH�3IHLOH� LP�'LDJUDPP�]HLJHQ�GHQ�$QVWLHJ�GHU�7HPSHUDWXU�7�EHL�]XQHKPHQGHU�=HLW� W�DQ��5HFKWV� LVW�HLQH�VFKHPDWLVFKH�'DUVWHOOXQJ�GHV�6SHL�FKHUPRGXOV�

)LJ�����7HPSHUDWXUYHUODXI�7�]��LP�6RUSWLRQVVSHLFKHU�EHVWLPPW�QDFK�LWHUDWLYHU�/|VXQJ�GHU�'LIIHUHQWLDOJOHLFKXQJ������'LH�DQIlQJOLFKHQ�7HPSHUDWXUYHUOlXIH�LQ�)LJ����ZHUGHQ�TXDOLWDWLY�ZLHGHU�JHJHEHQ�

7HPSHUDWXU�7�LQ�$EKlQJLJNHLW�YRQ�GHU�3RVLWLRQ�]�LP�6SHLFKHU�XQG�GHU�=HLW�W
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6��3URMHNW�6RUSWLRQVVSHLFKHU

8P�HLQH�,GHH�]X�EHNRPPHQ��ZLH�GHU�7HPSHUDWXUYHUODXI�DQ�GHQ�HLQ]HOQHQ�3RVLWLRQHQ�LP�)HVWEHWW�LQ�$EKlQ�JLJNHLW�YRQ�GHU�=HLW�YHUOlXIW��LVW�)LJ����VHKU�KLOIUHLFK��'LH�0HVVXQJHQ�VLQG�GRUW�GDUJHVWHOOW��8QG�LQ�)LJ����LVW�GHU�LWHUDWLY�EHVWLPPWH�7HPSHUDWXUYHUODXI�I�U�GLH�/XIW�XQG�GDV�=HROLWK�)HVWEHWW�DXV�GHU�/|VXQJ�GHU�'LIIHUHQWLDOJOHL�FKXQJ�����DXIJH]HLFKQHW�G4� �D �-/ ± -O��G2GW� ��GP�GW�L Fp G-L GW� ����G4� �GLIIHUHQWLHOOH�:lUPHPHQJH��hEHUWUDJXQJ�YRQ�GHU�/XIW�DQ�GLH�=HROLWK�3DUWLNHO2�� ������������P2 JHRPHWULVFKH�2EHUIOlFKH�GHU�NXJHOI|UPLJHQ�3DUWLNHO�LP�)HVWEHWW�Fp = 1.01 kJ/kgK spezifische Wärmekapazität der Luft

t   = Zeitvariable-/ = Temperatur der Luft; mit der Temperatur am Eintritt -/( = 100°C-O = Temperatur der Zeolithoberfläche; Start: -O = 25°CD� = Wärmeübergangszahl; mit der Reynoldszahl Re = 23.3 in unseren Versuchen ergibt 
sich eine Nusseltzahl Nu = 8 [1, 2] und daraus ein D von 50 – 90 W/ P2K.

0LW�GLHVHU�*OHLFKXQJ�OlVVW�VLFK�DEHU�QXU�GHU�$QIDQJ�GHU�7URFNQXQJ�ELV�]XU�%HKDUUXQJVWHPSHUDWXU�GHU�=HROLWK�3DUWLNHOREHUIOlFKH�EHVFKUHLEHQ�(QWODGH]\NOXV��8P�DXV�GHP�6RUSWLRQVVSHLFKHU�:lUPH HQW]LHKHQ�]X�N|QQHQ�PXVV�IHXFKWH�/XIW�GXUFK�GHQ�6SHLFKHU�JHOHLWHW�ZHUGHQ��'LH�)HXFKWLJNHLW�ZLUG�YRP�=HROLWK�DGVRUELHUW��'DEHL�ZLUG�GLH�$GVRUSWLRQVZlUPH�IUHL�XQG�GDV�6RUSWLRQVPDWHULDO�ZlUPW�VLFK�XQG�GLH�GXUFKVWU|PHQGH�/XIW�DXI��,Q�)LJ����LVW�GHU�7HPSHUDWXUYHUODXI�LQ�$EKlQJLJNHLW�YRQ�GHU�=HLW�W�XQG�GHP�2UW��7��������7����GDUJHVWHOOW��1DFK�HLQHU�9HU]|JHUXQJ�Wv YRQ����0LQ�VWHLJW�GLH�7HPSHUDWXU�VWHLO�YRQ����&�DXI��EHU����&�DQ��'DQDFK�LVW�HLQH�ODQJVDPH�=XQDKPH�GHU�7HPSHUDWXU�7���DXI����&�]X�EHREDFKWHQ��,Q�GLHVHU 3KDVH�ZLUG�(QHUJLH�YRQ�GHU�KHLVVHQ�/XIW�DQ�GLH�5RKUOHLWXQJHQ�XQG�GLH�%HKlO�WHUZlQGH�DEJHJHEHQ��

)LJ�����(QWODGH]\NOXV� LP�6RUSWLRQVVSHLFKHU��'LH�*KlQJLJNHLW�YRQ�GHU�=HLW� W�DQ�GHQ HLQ]HOQHQ�3RVLWLR7HPSHUDWXU�7���GHU�/XIW�DP�$XVWULWW�VWHLJW�HUVW�QDFWLJW�XP�GLH�VHQVLEOH�:lUPH�LQ�GHQ�6SHLFKHU�]X�EUGDUJHVWHOOW�

7HPSHUDWXU�7�LQ�$EKlQJLJNHLW�YRQ�GHU�
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6��3URMHNW��6RUSWLRQVVSHLFKHU

%HL�GHU�(QWODGXQJ�GHV�6SHLFKHUV�ZDQGHUW�HLQH�6RUSWLRQV� XQG�7HPSHUDWXUIURQW�GXUFK�GDV�=HROLWKIHVWEHWW��,Q�XQVHUHQ�9HUVXFKHQ�ZDU�GLH�*HVFKZLQGLJNHLW�LP�%HUHLFK�YRQ��FP�0LQ�ELV��FP�0LQ��$XFK�LQ�GLHVHP�=\NOXV�LVW�UDGLDO�HLQH�LQKRPRJHQH 7HPSHUDWXUYHUWHLOXQJ�EHL�GHQ�)�KOHUQ�7����7���XQG�7���PHVVEDU��'LH�]HLWOLFKH�9HU�VFKLHEXQJ�EHWUlJW�'W� ���0LQ�EHL�HLQHP�7HPSHUDWXUQLYHDX�YRQ������&��%HL�JOHLFKHU�=HLW�LVW�HLQ�7HPSHUDWXUXQ�WHUVFKLHG�YRQ�'7� ����&�PHVVEDU��:LH�VFKRQ�]X�)LJ����EHVFKULHEHQ��JLOW�KLHU�GLH�JOHLFKH�(UNOlUXQJ�I�U�GLH�NOHLQHUHQ�:HUWH�EHL�GHQ�3RVLWLRQHQ�7���7��XQG�7���,Q�ZHLWHUHQ�(QWODGH]\NOHQ�ZXUGHQ�/XIW�$XVWULWWVWHPSHUDWX�UHQ�YRQ�����&�HUUHLFKW��'DEHL�VWLHJHQ�GLH�7HPSHUDWXUHQ�LP�)HVWEHWW�DXI�����&�DQ�)�U�GHQ�)DOO�GHU�=XIXKU�YRQ�8PJHEXQJVOXIW�PLW�HLQHU�7HPSHUDWXU�YRQ����&�XQG�HLQHU�UHODWLYHQ�)HXFKWH�YRQ�����HUJLEW�HLQH�$EVFKlW]XQJ GHU�7HPSHUDWXUHUK|KXQJ�GHU�/XIW�LP�6RUSWLRQVVSHLFKHU����&��'LHVHU�7HPSHUD�WXUOLIW�LVW�]ZDU�EHDFKWOLFK��I�U�GLH�$XIEHUHLWXQJ�YRQ�:DUPZDVVHU�LVW�HU�]X�NQDSS�
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