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¦ �+�[���§� } � { ���U� ����� � } � } � w � { �B�+���O�(� } 	 ��� � µa�����U�(¢ } � }¥{�~����� x �|��� ����� � } � } � w �£��� � } �d� }d} µ�� ~���@� }& �+� w ����� w ��¢Ã�(���L���U� { ���a¨T�@² �L��¢£� { ���@�+��¡ ¹ �+� } �(���³�z�Á �« ¸S«Æ�U�+�Â�:� ~�Æ�y�U�+� } �U� { �U¢£�y�+�B�+�U�@�+�
� x �U�|� { µ@�U�(��%6�B�+� � ~�����U�(� { � ���U���U�U�Ã�U�U� �U�+� v � { � wy{ � } ~� }³{dw �³�|�6�U�(�F� x �U�z��B��L� x � } ~� } ���i«
V �(���(���U�(� w ���(� ��� { ���U�d�|�+�B�+�@�+� ¦ �Æ¢ �@� �k��� � } � } � w � } �§� } �+�����(�Á�+�z�U�+� ¦ �d�U���k��� { �(�U���U�U�
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�k��� � } � } � w � �U���U�U� xz} � {�{ �z��� �U¢c�(�|�U�&�S� � �[�+� } �U�U�¾�@�+���z���U�+��� xd~� {d{ �z�y���(� } ����#L�U� x �|���U�(�
�@�U�y� xT~wy{d} �+�X¤½� { � x � { �(���z� � wyx �����U�+� ¦ �§�@���Æ�Æ� { �(�U���U�U�UµY� w �y�+���+�g�B�+�6�U�(��¤�� { �Æ��� � } � } � ¨
w � �L� { �|� �U�+�)� xd~� {d{ �z�y���(� } �y� xª~wy{G} �&¤½� { �+� }¥{�� �§�(���U�+�@���@�+¢ & �(�[�+� x �|���+� ± ~� }§} �|�y�@�U� { ���¥���
�Æ� { �U� ¹ �@�U�U�|�(� } « Q ~���U�d�+�U� �U�z� { �½�B�+�z�U�+� ����� � } � } � w � { ��� } �(�����(� & �+�@�+¢ ¦ �d�U�����U�z�������
��� � ¨
} �§� } �+�iµ { � }   }£¦ ��¢ �a� �Æ��� � } � } � w ���+� {d} ¢£� })� � } �(� { ���U�§�(� } �@�U���U� { ���§� } � { ���U�(� ¦ �§�U��� { �+�z�¬«
v �(�§� x �|���U�(� ¢£� } �@�+� ¦ �Æ¢ �@� �k��� � } � } � w ���U�U� �U�+�)¯ { �+�@� w �k���a� } � } � w �'�L���@�U� x�} � {){ �|�����B�+�
�@�+��¤�� { �k��� � } � } � w � �@¢ �+�z�U�+� { �+�U� x ���U� { ��¢£�+� v
w �§�����@�U«b©ª¢c� xzx �y�(¢Ã�(�|�U�(� } �§� } �+� ���B�+�
� x|x �F�U�§�(� ����� � } � } � w � { ��� } �+��� x �+�z���U +�(� } �|����� � �U�@�
�B�+�(�|���L� {§{ �(� { �|��� �y�+���+� { �+� } �|�U«

�Y�@�+�§¢£� { ���U�½¡ ¹ �(� } ��� ~w �U�U�+� �|� � �|� x �(�
� ~� x|x �+�&���+�§�U����� xª~� {§{ �z� } �[�+�§�@�+�¬« ¦ �|� { �U� } �(� { ���U�+� ¨
�@� } �U�z� ����� � } � } � w �£� w ¢ ± �|�+�@�+�¬µa���(�¬�U�+¢ �U�+� v �(�§�L��¢ �@� �U�@� { � w �§���Æ�U���U�U�d��� �@�+� Q ~���G¨
¢£� } �¥��� { �Bw � } � w ¢£�|�U�z�+� } �³�z�§�¬« Q �|�Á�z���S�@�U� x �U�U�U� ´ « ´ �(� { �|��� }¥x �|��� � wyx � } �U�+�]±a�z�+�U�!� w �d�����U�
�(�|�U�(�Ã© {dw�} �@�+�§¢£�+�iµ]�@�U� �U�(��¯��L� { �+� ~�U�B�+�d�����U� �y� { ���U�|�(� } ��� � �y�d�U�U� �U�+� Q ~���§¢£�+ (� � �U�U�
�B�+�O� w � {G} ��� } �+¢ ¦ �§�@���B«
¸[�+�|¢ ����� � } � } � w � { � w �d�����U���³�z�§� �z¢ � ¨ ��¨ ¦ � �����¥��¢£¢^�+�z�U� �y�!¨
�d�|�U���½�:�+¢ � �+�¥� } �U�§��� { �(�U���U�U�Ã��� w �L����� } � } «�¡��|�U�½�+�z�U�U�+� } �|���½�:�§�(�U���U�U�&� w ��±a�z�+�U�(���U�@�
����� � } � } � w �
� {d} �@�|��� } �|¢£¢£�+�³¢ ~w � x �z���¬µ<�|� { ��� {§w �U�@�+�§���O�(�U� � {C{ �z�������(���U�(¢ �k���a� } �z�+�§�(�a¨
�@�+��� x �U�|� �U�|��� } �U¢ �k� x�} � { Q � {§{ �+�6�L�Æ�U�U� x�} «B¸O�(� �����a� } � } � w � } �d� }d}S{dw � w � x �L� { ¸ x � { �+�a¨
�O����� {G} �U¢ � x|{ ���U�����U�(� � w�x|x � �U{ � w ��¸ x � { �(����� � µ�� ~���@�§�+�@� �U�z� ¸ x � { �+� �B�+�z¢ ±a�z�+�U�(�
� w � } �z� �@�|�+� x �z���&�Á�Æ��� { �(�¬«

kritischer Punkt

flüssig

dampfförmig

Isothermen

Sieden

Kavitation

D
ru

c
k

p

spezifisches Volumen v

T >T1 2

T2

���	��

����������������������� �"!#�%$'&)(+*","-/.�0	*1$�2 0�2 $#,"-435-76/89$#�%69�%-:$';=<?>�@"A
B $�0��C�D0C;E;



���'��� � �
� � ���=� � 	 � �
� 
 � � º

�! "�! �� � 9L=a?�AC7:;GN³46NC\[=��!M]9<587bN Q[M[N��$JVQF;TKUJ�KU;>MON

©ª���F�U� ~���@�y�|�y�Æ�+� } �@�+�S± } � ~w ¢��U�U� { �B�+�U�z�U�y�U�U���+� x � {d{ �+� { �z�����y�(� { ���U�|�(�U�+�U��¡
� { ���U�(�|���U�U� { ¨
� w �d¢Ã�(�£� w � ����� � } � } � w ����� w �L����� } �(�¬« ©ª�Ã�U�(���R� } �+�§� } �@��#L�U�U� } ¢Ã��� ��~�U� � ��� } �+� w �§�|�(��� w �
�����a� } � } � w �iµ { �|�+�@���Æ�U���
�F�U�U� x �U�U�@� ´ « · ­

� ¡��|�@ +� x � x � { �+�@�Æ��� � } � } � w � F
	 } �¥���y� x|x �|�U���U�U�U� x ������� � } � } � w � 	 H�­
¦ �z�Á¡��|�U (� x � x � { �+�U�k��� � } � } � w �½�³�z�§�����L�Æ�¥��� } �(�§� { �|�(� } �U�U�§�����U�(� }¥x �|����� w �U�+�z�L���U�@�+�Â�y��¨
} �§�+�@� } ��µy�d� x � } ������� w�
 �Á¸ x � { �+�¬µÆ�U�|� { �|�����z� Q �Æ�U�U� ~���@�Y¢Ã� } �U�(�]± } � ~w ¢��U�@�C���!�O�(�y�+�
�U�@� �L�Æ���(�Á�|�U�@�z� �|�U�@� x|x �O����� { �+���@�U� � wyx|x ���U�z�+�§�(�¬« ¦ �|� ¸ x � { �(� { �|�@�����U��� x ¨ w �U�(�
�L� x �U���U�y� xz�d~w �d¢Ã�z�)�U�@���+�d�§�(�|���U�(�
�(�|�U��¤6� ~w�
 �6� w ��¢£�+�U�d�+�d�+���
� xzx �|¢£� } �+�d�¬« ¡ {³} �d� }d}
�[�+�U�(��¸ x � { �+�@� w � x � {  +�+�@ �� w ��� ¸ x � { �+�U (�+� � � x|x ��� � «b¸O�(�Á¸O� } �¥�Æ��� } �U�U�¾¢£� } � x|w 
 �+¢
�F�U�y�Á (�+�|� } �U�z� �����a� } � } � w � {   w �U�[�@�|�+�d���(�a�(�|��¢£� x ���U�|��� {Vw �@�+�Â�Æ�U����� w�x ���|�y� { �F� {§{ �!¨
�U�(�¬µU�L���@�|�C¡��z�U +� x � x � { �(�&� w ¢��S�U���C�U�|��� } �Æ� � �y� xT~wy{d} �O�(�§�U�(�
� ~w �@�U�+�¬«L�
� } » w ���a¨
�y� { �����³�|�@�U�|�y�Æ�+� }¥{ �Æ� � �L���U¢£�+� � {d} � { & �(� w ��� ¢ ~w � x �z���¬µ �U�|� { � { �z��� } �L���Y (�
¢Ã�����U�(�¬«

� ±a���@�|��� } �k��� � } � } � w � F 	 { �U�(� } ����� � } � } � w � 	 H!­
¦ �z�³±a���U�z��� } �k��� � } � } � w �¬µÆ���U���£���@�L� � } �(�U�U� ����� � } � } � w �)�y�(�L���U� } µy��� {d} �+� } ��� { �+�z�U�+¢
 (� { ��¢£¢£�+�U� ~�Æ�U�y�+�@�U�+� �L�Æ¢ �@� ��� ��~� xzxz} �(� ¤��(�U�|� } µ]�L� { �Æ� �U�+�Ã�U¢ {G} � ~w ¢ } �(� Q ���U�
��� x �|�(� } �U�U� �U�����(�³�U�|�
� xd~� {§{ �z�y���(� }§{§{d} � ~w ¢)�U�U��� w � �@�+� Q ���U� } �§�(�U� } «]©ª� �|�@�§�+¢
�B�+�y�z�U�U�(�U�U�+� ± } ���@�|�U¢  (�+�z� }&{ �|��� �@�|��±a���U�|��� } �Æ��� � } � } � w ��¢Ã�(� {d} �+� { � xz{ ± } �§�(� � �+� ¨
�k��� � } � } � w � F 	 {d} �d�|�U���+��� � } � } � w � 	 H!µ:�U�z� � w ���(�|�U (� x �U�+��¶`���U�U�z�y���(� }¥{ � x �+¢£�+� } �(���@�+�
%C�B�+��� ~�����U�Ã��� { ���+� } « ¦ �|� { � ����� � } � } � w � { ��� } �k���U� � x|{ B��L� { ��¨ {d} � } � w � ~���C�B� } �¥����� } � }
�[�+�d�U�+�¬«

� Q wyx �Æ�+�U�k��� � } � } � w � F�	!� xzw �U� �+��� � } � } � w � 	 H!­
¸O�(�Y� x �+�z�U�+�d�+� ����� � } � } � w � {  +��� x �(� �³�|�d� �U�|� �k��� � } �|�+�d�+�U�@� ± } � ~w ¢��U�@�¾ +�U�U�(�U¢£�+�U�
�z� {d} � } � w � ~���(«¬¡ { � w ¢£¢ }  +�U¢^�F� xª~wy{ �+��� w � ¸ x � { �+��� wyx �Æ�+�¬« ¦ �z� { �³�|�d� �@�U�§��� �U�+�
{dw �y�+�U���U� } �(� 	 ¶`��¨>¡�� } �§��� } ¨ ��� } 	 �y�(�§�U� { ����� } «]©ª¢c�U�|� } �+�§�(� ¸O�+�d�+�z�����@�+� �����a� } � } ��¨
w � {§{ ���@�|��� } �³�z�§���U�z��¯
�U� { �(�U�y�§�(�U +�£�|� {d} �Æ�U� x �U�U���L� { �y� { ��� xzwy{§{ �+�U� ¦ ��¢ �@� �y�+�@�|� }
�U�d�|��� } ��� � « ¦ �z� {Â� ~�U�@� }  +�@�[¡�� }¥{G} �(� �@�U��� w �&¸ x � { �+��� w�x ���(�¬µ��U�|�Á� w �£�U�+�[± } � ~w ¢��@�U�
�z���+�z�U�+¢ Q �|�d��� x[{G} � w ¢&�Æ� } �§��� { �Bw � } �|�(� } �[�+�§�@�+�¬« ¦ �z��¸ x � { �(�U�y� ~w�
 � x �|�(� } �|� �@�+�
¤6� ~w�
 �+� w �d�U�U�U� � w � ´�À �U� { ´�ÀyÀ � � �B�+�
�(�|�U�(� { �+�U��� w �U�(��¸ x � { �(�U�U�|��� } �£� w � �U� {
 (� ´�À � ¸ x � { �(� � � w ! � � # S S $ «�©ª� �@�|� { �+¢ �i� { ��¢£¢Ã�(�U�L���@���³�|�§�����@����� w � �(�|�U�(�
	!�U� {�� �(� { �+� 	 ± } �§�@� } �U�Y�U�(� ����� � } � } � w ���y� { � � w ���U�(�¬«

� ±a� � �(�§�k���a� } � } � w � F
	 { � � �+�§�+���a� } � } � w � 	 H�­
Q ~����� {d} �L� { �½��� � } � } � w � { �y�+�U�z� } ~�U���(���U�+���U¢ {d} � ~w ¢ } �+� � ~w � � �+���U�z�L��� { µ { � �d�|��� }
¢Ã���
� w �'±a� � �+�d�k��� � } � } � w �¬«U¸O�+��» w ���U�y� { �����³�|�U�U�z�y���(� }§{ � � w & �+� } � x �(���§�(�U�U (�|�+� }S{ �|���
��� � �y�§�U�@�/�@�+�
±a� � �+�d�Æ��� � } � } � w � �U�(� ¶`�(�|�U�U�@� { �³�z�U�+� {d} �Æ�U� # ¿ S $ «Á�F�U���X�k���@�/�@�+�
�F� � } �d�|�+� { �B�+�z�[�+� } � ~w �U�(� { �+�z� � x|{ �B�+�¬�k��� � } � } � w � {d� �d�+�z�+�O�F� {d} � ~w ¢)�U�U�U«
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±a���U�+� { ���U�z��� } �+�
� w �
���U�y� x ~wy{G} �(� w �U�(� {G} �§��� x �Æ�G¨
} �|���+� ± } � ~w ¢��@�U�y�+� w �U�+�³� x|{ ± � � }  (�+���³�|�d��� x ��� � �§�(�|�+� �:�¥��� � ~�U�y� x � w �@�+�`±a���L�Æ� � � x �
� w � �U�|��� } �U¢£¢Ã��� } � x�} �(� �:�Æ� � � ~���@�+�§�i«

� ~�U�Â�U�z�Y�y� { ���U� x �U�+� } �+� ����� � } � } � w � { ��� } �(��� Ta� {G} �z�+�§�(���|���U�(� �V� } �(�¥� } �U�Â���(�|�U�Y�(�|�U�@�+� }§x �z���U�+�
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TFE1O�PFUlHKLMJMG `HcG�[]EPS$W E1qIrXEPW]WXE1GgXPEPS bK_Kg\g GeZ E1JX[XE1O�WhUXg\E1OTJMSTqIrXE1W � JNg�UXLNH^GRJM_ZW�b^H[UfJMGTJNE1OTEPW][XEPO
� GRO(`_Kg�UXWXYZE1W#EPWiGRSVqIrXEPJM[XEPW][XE��?E1[XEPUdGRUXWXYtXPUS^�STJMEPrXE/HKUXqIr����0��
	�����28o �[D�� q R��?E1J?GRE1qIrXWXJ��
SVqIrXEPW � GTO(`_Zg�U]WXYZEPWwrXE1OTOVSTqIrXE1WCW�E �fWX_ZLM[XS��! HKrXLMEPWpJNWp[]EPO#"3O(`_�uZE1WX_ZOV[XWhUXWXY UZ_KW �%$ �JD'&�ZXJNS
�($ �JD�)�R<TFJME�GRUXO#ZXUXLMEPWiGRE*"kOVEPW>X1STqIrXJMqIriG?JMSVG$Z E1JlST_ZLMqIrXEPWkW E �fWX_ZLN[]S��� H^rXLNE1WnSTEPr]O [ `U]WXW o��JD�D q ^
V EPSVrlHKL Z )�UXO#ZXUXLMEPW>X1g\_f[XEPLMLNE=g:JMG(+ HKW][]svUXWXbiGRJM_ZW UKEPO3V?E1WX[XE1G�V EPOV[XEPW`RKu-UXqIr:HKUXS�"kO `UXWX[XE1W
[]EPO
W�EPqIrXE1W>XPE1JMG3JMSVG-[XJNE1SFWX_KG�V EPWX[]JNY>RSTFEPO-[]JNg:EPWXSVJN_ZWXSVLN_ZSVE,+ HKWX[XH�ZXSVGRHKWX[.-�/ [XE1OFEPOVSVGRE1W
W�EPqIr]EPW>X1EPLNLME g UXSTS STJMqIr�[lH�ZoEPJaJMg0"kE1LMGTUXWXYZS#Z E1OTEPJMqIr�[]EPS LN_ZYiH^OTJMGTrXg:JNSTqIr]EPW1+ HKWX[XYZE1STEBGYXPE1S
ZoE32XWX[XEPWSR�TFE1On[XJNg:EPW]STJN_KWXSTLM_ZSTE1+ HKWX[lH_ZXSVGRHKWX[�ra`HKWXYKGcUK_ZW []EPOnGRUXO#ZXUXLMEPWiGRE1W�W�E �fWX_ZLM[XS��
 H^rXLXH�ZS^ZSTJMEPrXE4"3LNEPJMqIrhUXWXY,5*R6�dB�R )�OVJMGTG=WhUXW JMW7+ HKWX[]Wa`HKrXE�jkH[UfJMGIHcGRJN_KWnHKU]s	^ZSVJNWXbiG=[X_KOVG=g:JMG
[]EPO TFJMqIrhGTE�[XE1S8 �V?E1JN~XrlH^STEPW]YZEPg:JNSVqIrXEPS=HKU]qIr:[]JNE�LM_ZbcHKLNE�W E �fWX_ZLN[]S��� H^rXL ^JV?HKS�[lH�X1U sI`U]rXOTE1W
bcHKW]W`^ [lHKSTS�STJMqIr [XJME E1OTSVGTE W�EPqIrXE1W>XPE1LNLME WXJMqIriG�g:EPrXOaJNg LM_ZYiHKOVJMGTrXg\JMSTqIrXE1W9�?EPOVEPJMqIr ZoE32lWX[]E1G[R
utUXqIr6H^U]svYZOTU]WX[ [XEPO z�_f[XEPLML HKW]WlHKrXg:E?E1JNWXE1O []JNST~oEPOVSTE1W:�?LNHKSTE1WdUZEPOQGRE1JNLNU]WXYkJNWXWXE1OTrlH^L|ZnEPJMWXEPO
W�EPqIr]EPW>X1EPLNLME JMSVGFE1JNWXE ZoEPLNJME�ZXJMYZE3�=EPOQsvEPJNW]EPOTU]WXY6[XE1S9"kJeGTGTEPOTS WXJMqIrhG-gy`_KYZLNJMqIr`^lSTJMEPrXE j�H^~XJMGTEPL
5�R;5<R

utUXSw[XJNE1STE1W<"3O^`U]WX[XEPW�V�UXOV[XElZ E1JF[XEPO>= E1GYX1YZEPW]EPOTJMEPOVUXWXYx[XEPOw[XJMg\E1WXSTJM_ZWXLM_ZSTE>+ HKW][lH�Z��
SQGIHKW][?- / [XE1O.V�HKW][XWa`HKqIrXSQGRE1W W�EPqIrXE1W>XPE1LNLMEcZ E1J�bcHJUfJeGIH^GTJN_ZWXSQsvOTE1JNEPO � GTO(`_Zg�U]WXYpJNg@�?EPOVEPJMqIr
I�D7AB- / A �JD�D�YZEsV `H^rXLMG�RJT3HKg:JMG�LMJNEPY^G�[XEPO [XJMg\E1WXSTJM_ZWXSTLM_ZSTEC+ HKW][lH�ZXSQGIHKWX[ Z E1JhjkHJUfJeGIH^GTJN_ZW
W]_dqIr ZXJMS.XPU E1JNWXE1g LM_ZbcHKLNE1W T3HKg:~]s UZ_KLNUXg:EPWlH^WhGTEPJML`UZ_ZW?DFEG��DIH JNg@�?EPOVEPJNqIr;[]EPS3LN_KYiHJ�
OVJMGTrXg\JMSTqIrXE1W:+ HKWX[XYZE1STEBGYXPE1S�R,TFJNEtsv_ZLNYZE1WX[XE1WwW E1qIrXEPW>X1EPLMLNEPWwV�UXOV[XEPW/[lHKWXWFV�JMEP[XE1O bfLMEPJMWXEPO
YKEsV `HKrXLeG[^ZSV_ [lH^STS EPJNW]E svE1JNWXE�u-U�K `_ZSTU]WXY [XE1S?jkH[UfJMGRH^GRJM_ZWXSTYKE�ZXJME1GRE1S�YZEsV `H^rXOTLMEPJNSQGREBG JMSVG�RZu-U]sL�
YKOTUXWX[ [XE1O OVEPL HcGRJ U�EPJMW]s HKqIrXE1WM"3EP_Zg:E1GTOTJME V�UXOT[XE:EPJMWXE �3�!�?LM_dqIb��
N�_Z~o_ZLM_ZYZJNE�YZE]V `HKrXLMG�RPOt`UXO
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ZoEPJN[]E-UXWiGRE1OTSVUXqIriGREPW � GTO(`_Zg�U]WXYZSTbcHKW�`HKLNE�V�UXOT[]EFEPJMWXE � GTUX[XJME-[XE1O?u�Z]ra`HKWXYZJMYZbKE1JMG [XEPS � JNg�U �
L HcGRJN_KWXSTE1OTYZEsZXWXJNSVSTE1S!UZ_Kg W�EPqIrXE1WXWXEBGYXn[XUXOVqIrXYZEBs `UXrXOVG�R  %U]O � JMg�UXL HcGRJN_KW/[]EPO-bcH[UfJMGTJNEPOVEPWX[]EPW
� GTO(`_Zg�U]WXY:V�UXOV[XE sI`UXO [XJME��=E1WhGTUXOTJ|IJ��"3EP_Kg\EBGROTJME3EPJMW W�EPqIrXE1WXWXE1GgXng\JeG*5�D�D��tI�D�� � ��D�D�D
W�EPqIrXE1W>XPE1LNLNE1W`^bZ E1J�[XEPO �=E1WhGTUXOTJ * ��"3EP_Kg\EBGROTJME-E1JNWXE1S g:JMG 5�5�D�� I�D�� � � ��D�DfW�EPqIr]EPW>X1EPLNLMEPW
UZE1O#V EPWX[]E1G[R Ot`UXO []JNEPSVEku-U�K `_KSTUXWXY:EPOVra`HKLeG g|H^W/E1JNWXE3W]E1GYX1UXWlH�Z]ra`HKWXYZJMYZE�� `_ZSTU]WXY>R
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T3HKS.Z]L HKSVEPWX[76fWlH^g\JMSTqIrXE j�H[UfJMGRH^GRJM_ZWXSVg\_f[XEPLMLSV�UXOV[XE UZ_KW98 �¢m%:<; o � * q YZOTUXW][XS(`H^GgXPLMJNqIrCX1UXO� JMg�UXL HcGRJN_KW-JNW]SVGIHcGRJN_KWa`HKO bcH[UfJMGRJMEPOVEPWX[XE1O � GRO@`_Zg�UXW]YZEPWkEPWiG�V�JMqIbKEPLeG[RrTFEPSVrlHKL Z�SV_ZLNLK[XJNE�� HKLMJN[XJME �
OTU]WXY6[XE1SFEPWiG�V�JNqIb^EPLeGREPW>=?_f[XE1S�XPU]Wa`HKqIrXSQG3g\JeG [XEPO � JNg�U]L H^GTJN_ZWpJMWXSVGRH^GRJM_ZWa`HKO bcH[UfJMGRJMEPOVEPWX[XE1O
� GTO(`_Zg�U]WXYZEPWwZoEPYZJMWXWXE1W`R
O `UXO [lH^S\JMWXSVGRH^GRJM_ZW `HKOVE|�=EPOVrlHKLMGTEPW�[XEPO:bcH[UdJeGRJMEPOTE1WX[XE1W � GTO `_Zg UXWXY YZJ|ZdG\E1S\WXHKqIr@? �*ABAB:7C
�P��:D;E:�oGF * q XsV EPJkUXWiGRE1OTSVqIrXJNE1[XLNJMqIrXE ~XrH6dSVJNbcHKLMJNSTqIr]EJI OTSTHKqIrXEPWSR* %U]g EPJMWXEPW bcHKWXW EPSwXPU
K WXSQGIH�ZXJMLNJeG `H^GTEPW HKU]svYZOVUXWX[p`H^U>uZEPOVEPO�� EP[XJMWXYZUXWXYKEPW b^_Zg:g\E1W`^_ZoEPJMST~XJMEPLMS#V EPJNSVE []UXOTqIr � qIrdV?HKW��
bhUXWXYZE1W	[]EPS � 6fSVGTEPg:[XOTU]qIbKEPSsReTFJMEPSVE�u-OQG3[XEPO�K W]SVGIH_ZXJNLMJMG `HcG!V�JMOT[ HKLMS.N1S!6fSVGRE1g JNW]SVGIH_ZXJNLMJMGL6 N
ZoE�XPE1JNqIrXW]E1G[R
 %UXg HKWX[XE1OTE1WpYZJ|Z]G E1S Z E1J%bcH[UfJMGRJMEPOVEPWX[XE1W � GTO(`_Zg UXWXYZE1WpHKUXqIr6E1JNWXEtST_ZYKEPWlHKW]W��
GRE N JNWiGTOTJNW]STJNq JNW]SVGIH_ZXJNLMJMGL6 N ^hH^LNST_nE1JNWXE�K WXSVGRH�ZXJNLMJMG(`H^G�H^U]svYZOTU]WX[p[XEPO�jkH[UfJMGRH^GRJM_ZW|SVEPL|Z]SVG[R>TFJNEPSVE
V�JNOV[|H^UXSTYZE1L `_ZSQG [XUXOTqIr\[lHKS=u-Uds GROTEBGRE1W|[XE1SvW�E �LM=WiGTORHKWiG ��NKE1GTS�^h[lHKS=u�Z]L `_ZSVEPW:EPJNW]EPS8N�E1JNLNS�[]EPO
jkH[UdJeGIH^GTJN_ZW]SgXP_KWXEFUXWX[/[XJME3[lHK[XUXOVqIr�E1WiGRSVGTEPrXE1WX[XE1W TFOTUXqIbhSVqIr<V?HKWXbhUXW]YZEPW`R
K Ww[XEPO�W�E@H^LNJMG(`H^G STJMWX[wZ E1JN[XEFutOVGTEPWp[XE1OOK WXSVGRH�ZXJNLMJMG(`H^G WlH^GK`U]OTLNJMqIr6WXJMqIrhG�JMg\g:EPO�UZ_KWXEPJMWlHKWX[XE1O
XPU\GROTE1WXWXE1W`R �?EPJo[XEPW\rXJNE1O$UK_ZOTYKEPSVGTEPLMLMGRE1W\JMWXSVGRH^GRJM_ZWa`HKOVEPW � JMg�UXL HcGRJN_KWXEPW V�JMOT[:[lHKSvTFOTUXqIbhWXJ �
UZEPHKU HKg u-UXSQGROVJMGTGt[XE1S
W E1qIrXEPW]YZE�ZXJME1GTEPSkHKU]s=E1JNWXE1g bK_ZWXSQGIHKWiGTEPW.+ E1OVG-YZEPrlH^LMGRE1W`^�ST_p[lH^STS
� 6fSVGTEPg:JNWXSQGIH�Z]JNLNJeG `H^GTEPW V EPJeGRYZE1rXEPWX[|UXWiGREPOV[XO^`U]qIbhGvV?E1OT[XE1W`R>T3HKS STJMqIr|E1JNWXSQGREPLMLNE1WX[XE�JNWXSQGIH^GTJN_ �
Wa`HKOVE3�=EPOTrXHKLMGTEPWw[XEPO � GRO(`_Kg�UXWXY JNSQG HKLNSV_nJNWwEPOVSVGTEPO���JNWXJMEFEPJMWXE3JNWXW]EPOTE�K W]SVGIH_ZXJNLMJMG `HcG[R
 %UXO � JMg�UXLNH^GRJM_ZW []EPOpbcH[UdJeGRJMEPOTE1WX[XE1W � GRO(`_Kg�UXWXY V�JMOT[ XPU]Wa`HKqIrXSQG�E1JNWXE;SQGIH^GTJN_ZW�`HKOTE � JNg�U �
L HcGRJN_KW []EPO � GRO@`_Zg�UXWXYwZoEPJ HKUXSVOTE1JNqIrXE1WX[ rX_Zr]EPg u-U]SVGROVJMGVGRST[]OTUXqIb;[XU]OTqIrXYZEBs `UXrXOQG[^ UXg EPJMWXE
bcH[UdJeGIH^GTJN_ZW]SVsvOTE1JNE � GTO(`_Zg UXWXYkX1UyYZE]V `HKrXOTLMEPJMSVGRE1W`R �?EPJ [XE1O-[lHKOTHKU]s�sv_KLNYZE1WX[XEPW�JNWXSQGIH^GTJN_ZW�`HKOTE1W
� JMg�UXL HcGRJN_KW V�JNOT[�[lHKWXWy[]EPO.TFOVUXqIbwZ E1Jl�VE1[XEPg  %EPJeGRSVqIrXOTJeGTG YZEPSVEPWXbiG�^`ZXJNS [lHKStYZEsVn`U]WXSTqIriGRE
TFOTU]qIbfW]J UZEPHKU EPOVOTEPJMqIriG�JNSQG[R_T3H�Z E1J�V�JMOT[n[lH^S TFOTUXqIbhWXJ�UZEPHKU;`U>ZoEPO�[XJME TFOTU]qIbfOTHKWX[>ZoEP[]JNWXYZU]WXY
HKg u-UXSQGROVJMGTGtEPJMWXYZE1SVGRE1LNLeG[RbTFJNE1S-JMSVG�UK_ZOFH^LNLNE1g HKUXS "kO^`UXWX[XE1W;[XEPOFWhUXg:EPOVJNSVqIrXEPW � GIH�ZXJMLNJeG `H^G
WX_KG�V EPW][XJNY>^lSVJNE1rXEP81Q%R*S ��oTFUFJD q R
TFJNE � JNg UXL H^GTJN_ZW]EPW�[XEPOpbcH[UfJMGRJMEPOVEPWX[XE1W � GRO@`_Zg�UXW]Y [XUXOVqIr []EPW{�=EPWiGRU]OTJOI � jkHKWlHKL�V�UXOV[XEPW
ZoEPJ  %EPJeGRSTqIr]OTJMGVGRE1WtX]V�JNSVqIrXEPWWVYX��ZF�$[FJD]\]^`_\UXW][aVYX��ZF�$7FJD]\]b`_\[XUXOVqIrXYZE1sI`U]rXOVG�RCOt`UXO
 %EPJeGRSVqIrXOTJeGTGRE=bhLNE1JNWXE1O HKLNS�VYXc��F�$�F[D]\Bdc_?JMSVG [XJNEe� `_ZSVUXWXY-U]WlH�ZXra`H^WXYZJNY UK_Zg  %EPJMGTSTqIrXOVJMGVG[R@utg
M�JNWXSQGRO@`_Zg\OTHKWX[\V�UXOT[]E?EPJMWXE%"3EPSVqIrdV�JNWX[XJMYZbKE1JMG(UZ_ZW`f<gihj�lk Q 5
E�mU_?U]WX[�EPJMW N UXOgZ]UXLNE1W>XPYZOTHK[UZ_KWYnofp�-F HpUK_ZOTYZE1YZE�ZoEPWSR^utLNS O�LNUXJM[\V�U]OT[XE�bcHKLeGRE1S(+ HKSTSVEPO�g:JMG�qsrt��F $uFJDwv�j3E1JNg:EPW ~]OT_
Ex^ O�LT`UXSVSTJNYKbKEPJeG�g:JMG E1JNWXE1g � `HcGTGRJMYZUXWXYKST[lHKg:~]sv[XOVUXqIb�UZ_ZW�y[z�� , BUk�BP{j||HKWXYKEPWX_Zg:g:EPW`R
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%P:'&sRem%S :�m ��A)(,o¡I �rq UXWX[ �8 :��%R�����Q oTFJD�� q SQGRE1LNLMGTEPW Z E1J][XE1O!WhUXg:EPOTJMSTqIrXE1W�ItWiGRE1OTSVUXqIrhUXWXY
[]EPO bcH[UdJeGRJMEPOTE1WX[XE1W � GRO(`_Kg�UXWXYn[XU]OTqIrw[XEPWw�=EPWiGTUXOTJ|IJ� jkHKWlH^LosvE1SVG[^l[XHKSTS�HKg�rXJNWiGTEPOTE1W WtHKW][
[]EPS j�H[UfJMGRH^GRJM_ZWXSVYZE�ZXJME1GTEPS�[XJME�GRUXO#ZXUXLMEPWiGRE�bhJNWXEBGRJMSTqIrXE�M�WXEPOVYZJNE+*nUXWX[:[XJNE
TFJMSTSTJM~lH^GTJN_ZWXSVORH^GTE
, STEPr]O�SVGRHKOTb�HKWdV?HKqIrXSTE1W`RdTFJMEPS SVGRJMg\g G�g:JMG [XE1W�M�OTYZEsZXWXJNSVSTE1W�[XEPO!E]hd~ E1OTJMg\E1WhGTEPLMLNEPW�ItWiGTEPO��SVUXqIrhUXWXYZE1WFUZ_ZW.- R�/'��A �(�1032:�Xm¢nFo54[F q ^So64 5 q `U>ZoEPOVEPJMW`^d[]JNEtsvE1SVGTSVGRE1LNLeGREPWS^d[lH^STS�HKU]svYKOTUXWX[
[]EPS � L HKSVEPWXb^_ZLNLNHK~XSTE1S HKg M�WX[XE-E1JNWXE1S�jkH[UfJMGIHcGRJN_KWXSTYZEsZXJNEBGRE1S�EPJNW + JNO#Z E1LlEPOgX1EPUXY^GvV�JNOV[|UXW][
[XHK[XUXOVqIr�[XJMEkGTUXOgZ]UXLNE1WhGTE bhJMWXE1GTJNSTqIr]E�M�WXE1OTYZJME SQGRE1JNYKG�R��?EPJa[XE1O � JMg�UXLNH^GRJM_ZW|g:JMG � GRHKWX[lH^OT[��
N UXO#ZXUXLNE1W>XPg:_f[XEPLMLNEPWfV�JNOV[p[XJNE1STE-GTUXOgZXU]LNEPWiGTEFbhJNWXEBGRJNSVqIrXE�M�WXEPOVYZJNE `U>Z E1OTSVqIr `H^GYXBG[R/TFJMEPS�bcHKW]W
[XH�XPU#s `UXrXOVEPW`^![lHKSTS E1JNWXEFX1U�YKEPOTJMWXYZE "3EPSVqIrdV�JNWX[XJMYZbKE1JMG [XE1S�W E ��M�WiGROTHKWiG �!NKEBGRS�ZoEPOTE1qIrXWXEBG
V�JMOT[`^l[]JNE�WXJNqIriG-HKUXSTOVEPJMqIrhG�^ [XHKStu!ZXL `_KSTEPW�EPJNW]EPS#N�E1JNLNS�[XE1OFjkH[UfJMGIHcGRJN_KWXSgX1_ZWXE\XPUGZ E]V�JNOTb^EPW`R
TFE1STrlH^L|Z;ST_KLNL(XPUXWa`H^qIrXSVG�[XE1O�M=JMW�KlUXSVSk[XEPO�N UXOgZ]UXLNE1W>XPg:_d[]EPLNLMJNE1OTUXWXY\HKU]s [lH^S3JNWXSQGIH^GTJN_ZWa`H^OTE
�=E1OTrlH^LMGRE1Ww[XEPO � GTO(`_Zg UXWXYZSVSTJNg UXL H^GTJN_ZW\UXWiGRE1OTSTU]qIrhG
V EPOT[]EPW`R
K g�sv_KLNYZE1WX[XEPWfV?E1OT[XE1W � JNg UXL H^GTJN_ZW]EPWn[XE1O bcH[UfJMGRJMEPOVEPWX[XE1W � GTO(`_Zg UXWXY�[XUXOTqIr|[XEPW|�=E1WiGRUXOVJOIJ�
jkHKWXHKLtg:JMG|[XEPg � GIH^WX[lHKOV[��7* � , � z�_f[XEPLML
UK_ZW98 �¢m �%S*:<;:0 8;/'��ABS�< ��= o �Hk q ^�[]EPg *I� , �z/_d[XE1LNL g\JeG:[XEPOFW�E@H^LNJ|XPH�ZXJMLNJMGL6I� z�E1GTrX_d[]EpWlHKqIr?>/R*R�;E:@0 > R�R�;E:�o k�I q ^?[]EPg WXJNqIriG �
LMJNWXEPHKOTE1WA*I� , � z�_d[]EPLNLCB �*=t��D`UZ_ZWE8F< :�� :�m ��A)(,o k�D q UXWX[�[]EPgG* � , � z�_f[XEPLMLfg:JMG [XE1O�TFJMqIrhGTE �j3_ZOVOTE1bhGTUXOkWlHKqIrH%P:)&sRem%S :lm ��A'( o¡I �_q ^("kLMEPJNqIrhUXW]Y 5�R k�I*^�UXWiGREPOVSTUXqIriG�ReT3H�ZoEPJ�V�JMOT[ [XEPO
Mehd~o_ZWXEPWiG�[XE1O TFJMqIriGRE � j3_ZOTOVEPbiGRUXO-JNW "kLMEPJMqIrfU]WXY>5*RikUk�^`X1UJq4� FJDpYZE1STE1GgX1G�R�TFJNE � JMg�UXLNHJ�
GTJN_ZW]EPWCV EPOV[XEPWtZ E1J�EPJMWXEPg bK_KWXSVGRHKWiGREPW	jkH[UdJeGIH^GTJN_ZW]SgZoEPJ V EPOQG�UK_ZWJIW� 5 QLK k|HKg u-UXSQGROTJeGTG
[]UXOTqIrXYKE1s `UXrXOQG[R  %UXO(TFJNSVbhOTE1GTJNSVJNEPOVUXWXY�[XE1O�b^_ZWdUZEPbiGTJ UZE1W�N EPOTg:E�V�JNOT[ ZoEPJfHKLNLMEPWk[XUXOVqIrXYZEBs `UXrXO��
GTEPW � JMg�UXL HcGRJN_KWXEPW [lHKS z K!=-z L T4� �=EPOQs HKrXOVEPW�UZEPO3V?E1WX[XEBG[^hSTJMEPrXE jkHK~XJeGREPL K R 5*RL4*RZu-UdsvYZOTUXW][[]EPS3JNW]SVGIHcGRJN_KWa`HKOTE1W��=EPOVrlHKLeGREPW]S3[XEPO3bcH[UfJMGRJMEPOVEPWX[XE1W � GRO@`_Zg�UXW]Ypb^H^WXW;[XEPOkjkH[UfJMGRH^GRJM_ZWXSgZoEPJ �
V EPOQGtHKg M�JNWiGTOTJMGVG SVGRHKOTb|STqIrdV�H^WXbKE1W`R�� EPJaHKLMLNEPW � JNg�UXLNH^GRJM_ZWXE1W|EPOVYZJ|ZdG STJMqIr/E1JNWw~oEPOTJM_d[]JNSTqIr
JMWXSVGRH^GRJM_ZWa`HKOVEPS��=EPOVrlHKLeGREPWS^c[XHKS!SVJNqIrnH�ZoEPO1Z E1Jd[]EPW�E1JNW>X1EPLNW]EPW O `H^LNLNE1WkSTJNYKWXJ 2lbcHKWiG UXWiGRE1OTSVqIrXEPJ �
[]E1G[R
� EPJ![]EPO � JMg�UXL HcGRJN_KW�g:JMGt[XEPg � GIH^WX[lHKOV[��7* � , � z�_d[]EPLNL�V `HKqIrXSQG�[lHKS3jkH[UfJMGIHcGRJN_KWXSTYZEsZXJNEBG-JMgE1WXYZSQGREPW PFUXEPOVSTqIrXW]JMGTG�H^W;UXWX[lUZEPOVbhLNEPJMWXEPOQGkSTJMqIrlV�JMEP[XE1O�^ _KrXWXEn[lHKSVSkEPS\XPUXO3u!ZXL `_KSTUXWXYpE1J��
W]EPO j�H[UfJMGRH^GRJM_ZWXS3V?_ZLMbKE bK_Kg\g G�R�T3HKS�u-WdV�H^qIrXSTE1W�U]WX[ � JMWXbKE1W [XE1S T3HKg:~]s UZ_KLNUXg:EPWXS3JMg
YKEPSRH^g GRE1W � GTO(`_Zg�U]WXYZSVsvE1LN[ `U>ZoEPO�[XEPO  %EPJeG JMSVG JNW u�Z>Z]JNLN[]UXWXYM4>R K [lHKOVYZEPSQGRE1LNLMG�R  %UXS@`H^GYX1LNJNqIrJMSVG W]_dqIr/[XEPO�[XJMg\E1WXSTJM_ZWXSVLN_ZSVE.TFOTU]qIbON�P

N�P�� y[gihRQ y[z
S T f Tg h B�4>R FUD

H^g M=JMWiGROTJeGTG�[XE1S � GRO@`_Zg�UXW]YZSVsvE1LN[ `U�Z E1O [XE1O  %EPJeG HKU]svYZEBGRORH^YZEPW`R�M�S�JMSVG YZU]G X1U EPOVbKE1WXWXEPWS^
[XHKSTS=[XE1O SQGIH^GTJNSVqIrXE
TFOTUXqIbnH^g M�JNWiGROVJMGTGeZ E1JNg � qIrXOTU]g\~]svE1W\[]EPO jkHJUfJeGIH^GTJN_ZWXS#XP_ZW]E�^ZH^LNST_\ZoEPJ
SVJNWXb^EPWX[]EPg T3HKg:~]s UK_ZLNUXg:EPWXHKWiGREPJML ^RSQGIHKOVb3HKWXSQGRE1JNYKG�R1utUXqIr []EPO�TFOTU]qIb<UKEPOVL HKU]sdJNSQG�~oEPOTJM_d[]JNSTqIr
JMWXSVGRH^GRJM_ZWa`HKOsR�TFJME OlOTEWVhUXE1W>X [XEPS=�=_ZOTYZHKWXYZS=LNJMEPYKG�Z E1J)XZY B\[.]�UXWX[:[lHKg:JMG�V EPJeG U]WhGTEPO [XEPO
JMg Mehd~oEPOTJMg\E1WiG�Z E1_�ZlHKqIriGREBGRE1W�OlOTE^VfU]EPW>X
UZ_KW.XZY_4dD�[.]�R
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TFEPOeT3HKg:~]s UZ_ZLMUXg:EPWlHKWiGTEPJNLKJNg�j3EPOTWn[]EPS�jkH[UfJMGIHcGRJN_KWXSTYZEsZXJNEBGRE1S JMSVGeZ E1Jd[XE1O � JMg�UXL HcGRJN_KW�g:JMG
[XE1g � GIH^WX[lHKOV[��7* � , � z�_d[]EPLNL�STE1rXOkrX_dqIrS^PD�� B�DIH ^ SVJNEPr]Enu�Z>ZXJMLN[XU]WXYO4>R 4�R¢TFJMEPSFSQGREPriG�JNg
+ JN[]EPOTSV~XOTU]qIr XPUy[XE1WyE]hd~oEPOVJNg:EPWiGRE1LNLNE1W I WiGREPOVSTUXqIrhUXW]YZEPW`^�V?_6[]EPO.T3H^g\~]s UK_ZLNU]g\E1WlHKWiGRE1JNL
JNg:g:EPO3UXWiGRE1O�DGE B�DIH ZXLMEPJ Z]G[R�utUXqIr �8 :���RC����Q�oTFJD�� q E1OTra`H^LMG Z E1J=[XEPO � JNg�U]L H^GTJN_ZWy[]EPO
JNW]SVGIHcGRJN_KWa`HKO3bcH[UdJeGRJMEPOTE1WX[XE1W � GTO(`_Zg UXWXY/[XUXOTqIr [XEPW �=E1WiGRUXOVJOIJ� j�H^WlHKL�g:JMGk[XE1g � GIHKW][lHKOT[ �
* � , �Qz�_f[XE1LNL�WhUXO EPJMW V�JMEP[XE1OTrX_KLMGRE1S u-WdV�H^qIrXSTE1W}UXWX[ � qIrXOTU]g\~]svE1W []EPO:jkHJUfJeGIH^GTJN_ZWXS#XP_ZW]E
UXWX[/EPS�b^_Zg\g G�WXJNqIriG�XPU]O +	_ZLMbKEPWXH�ZXL `_KSTUXWXY�R

Void Fraction: 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
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TFJNE �?E1WfUdGYXPU]WXYk[XEPOeW EPHKLNJ X@H�ZXJMLNJeGL6 � �?EP[]JNWXYZU]WXY�JNW��=EPO#ZXJNWX[]UXWXYFg:JMG [XE1g * � , �Qz/_d[XE1LNLis `UXrXOQG
XPU#E1JNWXE1O YZE1OTJMWXYKs `UXYZJMYZEPW �=EPO#Z E1STSVEPOTU]WXY [XEPS � JMg�UXLNH^GRJM_ZWXSTE1OTYZEsZXWXJMSTSTE1S�R�TFJME:OlOTE^VhUXEPW>Xp[]EPS
jkH[UdJeGIH^GTJN_ZW]S#UZ_KOTYiHKW]YZEPS�JNSQG�g:JMG X Y �.[.]yEBG�V�H^SnYZO(`_�uKEPO�H^LNS Z E1J?[XE1O � JNg UXL H^GTJN_ZW;_KrXWXE
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�=E1O#V EPWX[]UXWXYw[XEPO�W EPHKLNJ X@H�Z]JNLNJeGL6I�!�?E1[XJNWXYKUXWXY�UXW][;[lHKg:JMG Wa`HKrXE1O3HKg E]hd~oEPOVJNg:EPWiGRE1LNLNE1W M�O��
YKE�ZXWXJMS�R  %UXO*+	_ZLNb^EPWlH�Z]L `_ZSVUXWXYpbK_Kg\g GFEPSkH�ZoEPOkHKU]qIrtZoEPJ �?EPWhU]GgXPUXWXY/[XE1O\W EPHKLNJ X@H�ZXJMLNJeGL6 �
� EP[XJMWXYZUXWXY�WXJNqIriG�R�utLNLNE1OT[XJMWXYZSkWXJMg\g G�[XJME K WiGTEPWXSVJMG `HcG�[XE1O TFOTU]qIbfSV~XO^`U]WXYZE ZoEPJMg � L HKSVEPW��
b^_ZLNLNHK~XS X1U`^>V?HKStu!Z>ZXJMLN[XUXW]Y 4>R B UKEPOT[]EPU]GTLNJNqIriG�RbTFJNEFSQGIHKOVbKEPWCTFOTUXqIbhSVqIr<V?HKWXbhUXW]YZEPW;rlH_Z E1W
H^UXqIr�WhUXg:EPOVJNSVqIrXE � GIH�Z]JNLNJeG `H^GTST~XOV_�ZXLMEPg:E XPUXO#Ol_ZLNYKE�R
� EPJl[XE1O � JNg�UXLNH^GRJM_ZW []EPO b^H[UfJMGTJNE1OTEPW][XEPW � GTO(`_Zg�U]WXYkg\JeG�[XEPg ��=t��� N UXO#ZXUXLNE1W>XPg:_f[XEPLML*V EPO��
[]EPWw[XJNE1STE
TFOVUXqIbhST~XO^`UXWXYZE3W]_dqIrwYZO@`_�uZEPOs^dSV_ [lHKSTS�sI`U]O�[lHKS ZoE1GTORHKqIriGREBGRE\TFOVUXqIbhWXJ UKE@HKUpb^EPJNW]E
SQGIH�Z]JNLNE5� `_KSTUXWXY E1OgXPJMEPLeG V?E1OT[XE1W�b^_ZWXWiGRE_R

Cp - STDKEPS
Cp - Realizability MM
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K g@"3EPYZE1WXSRHcGYX X1U;[XEPW Z]JNSTLNHKWXYfUZ_ZOVYZEPSQGREPLMLMGTEPW M�OVYZE�ZXW]JNSTSVEPW;E1OTYZJ Z]GFSVJNqIr ZoEPJ�[XEPO �=EPO#V EPW �
[]UXWXY6[XE1O.TFJMqIrhGTE � O�U]WXbiGRJN_KW�WlH^qIrJ%P:'& Rem%S :lm ��A)(�o¡I�I q g\JeG�q>� FJD\HKLNS�M�hd~o_ZWXE1WhGFEPJNW
UK_ZLNLMbK_Zg:g:EPWX[ HKW][XEPOVEPO=�=_ZOTYiH^WXY>RdTFJME Z E1OTEPqIr]WXE1GTE-GRUXO#ZXUXLMEPWiGRE �FJMSTb^_ZSTJeG `H^G JNg �?EPOVEPJMqIr|[XE1S
W�E �LM�WhGTORHKWiG��!NKE1GTS�JMSVG�YZEPOVJNWXYKEPO�R�T3H^[XUXOTqIr JNSQG![XE1OeW�E �LM�WhGTORHKWiG��!NKE1G�JNW�[XE1O
�aHKYZE_^rZ]JNSas HKSVG1XPUXO
�=_KOT[XE1OTSTE1JMGTE�[XEPO=jkH[UfJMGRH^GRJM_ZW UZ_KOgXPU][XOTJMWXYZEPWnU]WX[ EPJNW]EPW EPOVrXE�ZXLMJNqIrXE1W7N�E1JNL][]EPS jkHJUfJeGIH^GTJN_ZWXS!�
YKE�ZXJME1GRE1S-H_Z>XPUXL `_ZSTE1W`Rou-U]svYZOVUXWX[�[XEPS
W�E �LM�WhGTORHKWiG��!NKE1GTS!Z]JNLN[]E1G STJMqIryEPJMW + JNO#Z E1L ^lJMW�[XE1STSVEPW
 %E1WiGROTU]g E1JNW;LN_Kb^H^LNEPS�TFOTUXqIbhg:JNWXJMg�UXg E1WhGTSVGTEPriG[R�TFJME�H�ZXYKEPL `_KSVGRE�j�H[UfJMGRH^GRJM_ZWXS3V?_ZLMbKE V�JNOT[
UK_ZW [XEPO � GTO(`_Zg UXWXYwXPUXSTHKg:g\E1W g:JMG-[XEPg@+ JNOgZoEPL!g\JeGTGROTHKWXSV~ _ZOQGRJMEPOVG�^bZXJNS3SVJNEnJNg �?EPOVEPJMqIr
r�`_ZrXEPOVEPWCTFOTUXqIb^EPSFb^_ZLNLNH�ZXJNE1OVG�R/TFEPOtHKWXLMJNEPYKEPWX[XE9N EPJML []EPOtj�H[UfJMGRH^GRJM_ZWXS#XP_ZWXEkSVqIrXOTUXg:~]s G!XPU��
W�`HKqIrXSVG EBG�V�HKSs^<ZXJNS�[XE1O��=_ZOTYiH^WXY.UZ_ZW =tE1UXEPg ZoEPYKJNWXWiG[R�TFEPO$T3HKg:~]sv~XrlH^STEPWXHKWiGREPJML�V `H^rXOTE1WX[
E1JNWXE1S�jkHJUfJeGIH^GTJN_ZWXS#X 6fbhLNUXS JMSVG�H^LNS�j3_ZWiGRUXOV~XLN_^G JNWpu!Z>ZXJNLM[XUXWXY 4�R �n[lHKOVYZEPSQGRE1LNLMG�R
TFE1O JNWXSQGIH^GTJN_ZW�`HKOTE-�=_KOTYiHKW]Y:JMSVG HKUdsvYZOTUXW][�[XE1O�u�ZXL `_ZSTUXW]Y:W]JNqIriG ST_|OVEPYZE1LNg�`H�uZJMY ~oEPOTJM_d[]JNSTqIr
V�JME ZoEPJ [XEPO � JNg�U]L H^GTJN_ZWw_ZrXW]E [XJME TFJNqIriGTE �!OlUXW]bhGTJN_ZWSR<M=JMWyEPJMW>XPE1LNWXE1O� s6fbhLNUXSt[lHKUXE1OVG
X]V�J��
SVqIrXEPW 5�B\U]WX[tI 46g:S�^%[]JNE�g:JMGVGRLNE1OTE,OlOTE^VfU]EPW>X [XE1O-�=_ZOTYZHKWXYZSFLMJNE1YKG�ZoEPJ�X"Y F�B [.]*R`TFEPO
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j3_ZLNLNHK~XS [XEPS H�Z]YZEPL `_ZSVGTEPWnjkH[UfJMGIHcGRJN_KWXSTYZEsZXJNEBGRE1S�L `_ZSVG�E1JNWXE1W�TFOTUXqIbhSV~XOTUXW]Y H^UXS�R�TFJNE?JMg � GRO(`_J�
g�UXW]YZSVsvE1LN[yH^U]s GROVE1GRE1WX[XE1WlTFOTUXqIbhSTqIrdV?HKWXbhUXWXYKEPW rlH�ZoEPWyE1JNWXE u-g:~XLNJeGRUX[XEkJMW�[XE1O-YZLMEPJNqIr]EPW
"3O(`_�uZE1WX_ZOV[XWhUXWXY V�JME.Z E1J%[XE1O � JMg�UXL HcGRJN_KWn_ZrXWXE
TFJMqIriGRE � OlUXWXbiGRJM_ZW`^hSTJMWX[pH�ZoEPO�U]WXOTE1YZEPLMgy`HJ�
uZJMYZEPOsR`TFJNE1S3LNJMEPYKG-[lHKORH^W`^%[lH^STSk[XEPO�H�Z]YZEPL `_ZSVGTE�u-WiGRE1JNL�[]EPOkjkH[UdJeGIH^GTJN_ZW]SgXP_KWXE�WXJMqIrhGkJMg\g:EPO
E]h]HKbiG-YZLNE1JNqIr/YZOT_�u:JNSQG-U]WX[yHKU]qIryUXWiGRE1OTSTqIr]JNEP[]LNJNqIr V?E1JMG-g\JeG�[XEPO � GRO@`_Zg�UXW]Y:GTORHKWXSV~ _KOVGRJMEPOQG
V�JNOV[`R,TFEPOtjkHJUfJeGIH^GTJN_ZWXS#Z E1J V EPOQG�HKg M�JNWiGROVJMGVG
U^HKOVJNJMEPOVG XsV�JNSVqIrXEPW I � F Q I 4:UXWX[.I � 5 Q � B�RTFEPO g:JMGTGTLNE1OTEkjkH[UdJeGIH^GTJN_ZW]SgZoEPJ V EPOQG�JNSQG�I>� 5 Q DHk*R<K g HKWXLNJMEPYZE1WX[XE1W N EPJML []EPSFjkH[UfJMGRH^GRJM_ZWXS��
YZEsZXJNEBGREPS JNSQG?[XE1O?g\HrhdJNg\HKLNE T3HKg\~dsv~XrlHKSVEPWlHKWiGTEPJNL�DME�I�D�H ^fJNg H�Z]YZEPL `_ZSVGTEPW6jkH[UfJMGRH^GRJM_ZWXS��
YZEsZXJNEBG�LNJNE1YKG E1O JMg � EPOTE1JNqIr>F H�EBDME K DIH R/TFEPO �=E1OTL H^U]s [XEPS [XJNg:EPW]STJN_KWXSTLM_ZSTE1WFTFOTUXqIb^EPSN�P�HKg M�JNWiGTOTJMGVG�[XE1S � GRO@`_Zg�UXWXYKSVsvEPLM[XEPS�`U>Z E1On[XEPO  %E1JMGnJMSVG�sI`UXOn[]JNE � JMg�UXLNH^GRJM_ZW	g:JMG UXWX[
_ZrXW]E TFJMqIriGRE � OlUXWXbiGRJM_ZW6JNWwu!Z>ZXJNLM[XUXWXY 4�R k�[lHKOVYZEPSQGRE1LNLMG�R

T0 T0 + 4/8 T

T0 + 1/8 T T0 + 5/8 T

T0 + 2/8 T T0 + 6/8 T

T0 + 3/8 T T0 + 7/8 T

Void Fraction: 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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Cp - STDKEPS
Cp - Reboud Modifikation
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