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P / V  =  2 1 1  W / m ³
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K F  =  0 , 8 4
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T e t r a l i n  i n  W a s s e r
D =  1 0 0  m m
2 - s t u f .  D r e i f l ü g e l r ü h r e r
P / V = 3 5 6  W / m ³
j = 0 , 1 2 5
t R ü h r = 3 0  m i n
p H = 9 , 4
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E n t i o n .  W a s s e r

I = 1 0 - 3  m o l / l

I = 1 0 - 2  m o l / l

I = 1 0 - 1  m o l / l

µ m

W / m ³

T e t r a l i n  i n  W a s s e r
S c h e i b e n r ü h r e r

d / D = 0 , 4
j = 0 , 2

d 3 2  ~  ( P / V ) - 0 , 4

D = 1 5 0  m m                    3 0 0  m m
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E n t i o n .  W a s s e r

I = 1 0 - 3  m o l / l

I = 1 0 - 2  m o l / l

I = 1 0 - 1  m o l / l

µ m

m / s

T e t r a l i n  i n  W a s s e r
S c h e i b e n r ü h r e r

d / D = 0 , 4
j = 0 , 2

d 3 2  ~  w t i p
- 1 , 2

D = 1 5 0  m m                 3 0 0  m m
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I = 1 0 - 4  m o l / l

I = 1 0 - 3  m o l / l
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I = 1 0 - 1  m o l / l
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W / m ³

T o l u o l  i n  W a s s e r
D = 3 0 0 m m
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d / D = 0 , 3 3
j = 0 , 1 2 5

d 3 2  ~  ( P / V ) - 0 , 2 3
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D = 1 5 0  m m
d / D = 0 , 4
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j = 0 , 2

d 3 2  ~  W e - 0 , 4 5
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d 3 2  ~  W e - 0 , 2 2
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d 3 2  ~  ( P / V ) - 0 , 0 7

d 3 2  ~  ( P / V ) - 0 , 2 3
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d 3 2  ~  ( P / V ) - 0 , 1 4
d 3 2  ~  ( P / V ) - 0 , 3 5
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d / D = 0 , 5
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1 0  m i n

A b s e t z z e i t   B l a t t - ,  I m p e l l e r r ü h r e r          

T e t r a l i n  i n  W a s s e r
D  =  1 0 0  m m
j  =  0 , 1 2 5
P r o b e n n a h m e  6 5  m m  
ü b e r  d e m  B o d e n

j M ,  A b s e t z  ~  w t i p
5 , 7  

j M ,  A b s e t z  ~  w t i p
6  

j M ,  A b s e t z  ~  w t i p
5 , 4  

2 0  m i n

1 3  m i n
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3 5 6  W / m ³
6 9 0  W / m ³
9 4 6  W / m ³

0 , 0 0

0 , 2 0

0 , 4 0

0 , 6 0

0 , 8 0

1 , 0 0

0 2 0 4 0 6 0 8 0

T r o p f e n d u r c h m e s s e r  d p  

A
n

za
h

ls
um

m
e

nv
e

rt
ei

lu
ng

 Q
0

 

µ m

T e t r a l i n  i n  W a s s e r
D  =  1 0 0  m m
z w e i s t u f i g e r  I m p e l l e r r ü h r e r
j V  =  0 , 1 2 5
t A b s e t z  =  2 0  m i n

P / V
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T e t r a l i n  i n  W a s s e r
z w e i s t u f i g e r  I m p e l l e r r ü h r e r
j V  =  0 , 1 2 5
P / V  =  9 4 6  W / m ³
t A b s e t z  =  2 0  m i n
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T o l u o l  i n  W a s s e r
D  =  1 9 0  m m
S c h e i b e n r ü h r e r
d / D  =  0 , 3
j  =  0 , 0 5  
P / V  =  3 0 9  W / m ³
r M e s s  =  0 , 2 5  D
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T o l u o l  i n  W a s s e r
D  =  4 0 0  m m
S c h e i b e n r ü h r e r
d / D  =  0 , 3
j  =  0 , 5  
P / V  =  3 0 9  W / m ³
r M e s s  =  0 , 2 5  D

CML(LN%'/'�()(�"F��"O'¥�@ �(op#B]H}(Tl!0�"FH#ts]HuH!0�^`^!$#d+-!0%'/')(�"FH!0��%'��y{s)(j"#B!$#,>9)(�(� ��LW!$#d��s4Smnj"!0�(�ws4Sj"!

¥f¦ C



� ������� ��
 �(�-� � �������
	$� ��� ��� 	 ��	$� 
1����� 	

h¡)"TK4S/'/'*d!$#B!0%.F^�(%'*�%'*,+fe¡Tl]^/.FS+�LW!0%Zj(%'�"#B!0%'mnj"!0�(�©FH#B]HuH!$#�C��"af4Sj(/�4S)(*dFH!A89!$#d+-!A+-!$#�op#B]H}(Tl!0�
!0%'� �"]H#-xY4S/<`^!$#d+-!0%'/<+-!0*Yop#B]H}(Tl!0�"FH#ts]HuH!0�(*d}W!$[\+-#-)(xRO9|�%.!0*d! C��(�N4Sj(x�! %'x�}N/'%.a0%.!$#d+��"!0�
XZ6@+-#B!0x�TK4S/'/w¥He=�N4S*B*v*d!0/.LN*,+��"!$#9[=/.!0%'�(*,+-!�op#B]H}(Tl!0�ie"�"!$#9!$#Ba$!0)"FS+989!$#-�"!0�b[G4S�(�ie@[H!0%'�"!0*
`^]H#BLW!$#B!0%<+-!0�(�"!0��hU!$#d+-!0%'/')(�"F^*d!$#B!0%.F^�(%'*B*d!0*�LW!0�N4G#BT�O@|�%.!�*,+n47+5%.]^�ws4G#B!rop#B]H}(Tl!0�"FH#ts]HuH!0�^`^!$#,>
+-!0%'/')(�"F�%'�©[H]\4S/.!0*da0%.!$#B!0�(�"!0� ?"P"*,+-!0x�!0� %'*,+��N4S�(���N4S*�X3#BFH!$LN�(%'*�)(�N4GLNjws4S�"F^%.FH!$#~h¡)@>
TK4S/'/'*d!$#B!0%.F^�(%'*B*d!He �ws4Sxk/'%'mnj�hU!$#d+-!0%'/')(�"F )(�(� M�]\4S/.!0*da$!0�"a �"!$#�op#B]H}(Tl!0��*d!0/.LN*,+fe �"!$#B!0�
|�)"#-mnj(x�!0*B*d!$#�Tl]^/.F^/'%'mnj��"]H#-xY4S/<`^!$#d+-!0%'/<+9)(x !0%'�"!0��:;%<+B+-!0/<89!$#d+vFH!0*,+-#B!0)=+M*B%'�(�iO
|�!$#�4S�(�"!$#B!�XZ6@+-#B!0x�TK4S/'/@Cv%'*,+wLW!0%^�"!$#p%'�(*,+n47+5%.]^�ws4G#B!0����#ts]HuH!0�^`^!$#d+-!0%'/')(�"Fv`^]^���N!0*,+5*,+-]HTE>
Tl!0��8&s4Sj"#B!0�(���"!$# hU!$#B[=/.!0%'�"!$#-)(�"Fra0)�LW!$]HL�4Smnj^+-!0�iOf��%.!$#i89!$#-�"!0��jws4S)=�NFM/.]HF\4G#-%<+5j(xk%'*Bmnj
�"]H#-xY4S/<`^!$#d+-!0%'/<+-!b?@}W!$[\+-#B!0� FH!0x�!0*B*d!0�iO�� � �$¢¡£�; � = X3}N*,+&@ ­ A9!$#B[=/ s4G#d+&�N4S*{h¡)(*,+n4S�(�"!ª>
[H]^xkx�!0���(%.!0*d!$#��3!$#d+-!0%'/')(�"F24S)"T�4S�(*BmnjN4S)(/'%'mnj"!���!0%'*d!HO�X3#Y*d!A+-aA+�`^]H#54S)(*$e3�N4S*B*Y�(%.!
1Z4G#d+5%.[H!0/.FH#ts]HuH!0�^`^!$#d+-!0%'/')(�"FH!0�JX3#BFH!$LN�(%'*B*d!©�(%'*d[@#B!A+-!$#RhU!$#d+-!0%'/')(�"F^*B*Bmnj"#-%<+B+-! *B%'�(�iO9|�%.!
hU!$#d+-!0%'/')(�"F^*,8�4Sj"#-*Bmnj"!0%'�(/'%'mnj"[H!0%<+ � *d!0%W)(�N4GLNjws4S�"F^%.F�`^]^x 1Z4G#d+5%.[H!0/'�()"#-mnj(x�!0*B*d!$#0eS�3]H#,>
jN4S�(�"!0�(*d!0%'��4S�(�"!$#B!$#91Z4G#d+5%.[H!0/'��)(�(�k`^]^x hU!$#d+-!0%'/')(�"F^*B*Bmnj"#-%<+B+fO^|�%.!�op]=mnj^+-!$#B}�4G#d+5%.[H!0/ >
`^!$#d+-!0%'/')(�"F^*dT«)(�"[\+5%.]^��*d!0%��N4G#Ss)"LW!$#-j(%'�N4S)(*�)(�N4GLNjws4S�"F^%.F�`^]^���"!$#9��#ts]HuH!r�"!$#�a$!$#d+-!0%'/<+-!0�
:;)=+B+-!$#B}�4G#d+5%.[H!0/ OpC�)(*dFH!0j"!0�(�2`^]^�2�"!$#~1Z4G#d+5%.[H!0/r¥bxk%<+&�"!0x�|�)"#-mnj(x�!0*B*d!$#4E ( �~LW!ª>
*Bmnj"#B!0%.L"+�� � �$¢¡£�; �©�N4S*9X3#B!0%.F^�(%'*9�"!$#rhU!$#d+-!0%'/')(�"F~�"!$#v1Z4G#d+5%.[H!0/U4S�N4S/.]HF&a0)�CMLN*Bmnj(�(%<+B+
P=O'¥�4S/'*Z�3!$#B[=� s)"}(T«)(�"F~4S)(*�C��"af4Sj(/<`^!$#d+-!0%'/')(�"F^*B�(%'mnj^+-!r�"!$# 1Z4G#d+5%.[H!0/i¥M)(�(�Y�"!$#vhU!$#d+-!0% >
/')(�"F^*,8�4Sj"#-*Bmnj"!0%'�(/'%'mnj"[H!0%<+ ��Oi|�4S*�13#B]=�()"[\+�4S)(*�LW!0%'�"!0� %'*,+��(%.!~C��"af4Sj(/<`^!$#d+-!0%'/')(�"F^*�>
�(%'mnj^+-!��"!$#M1Z4G#d+5%.[H!0/ C=O

� I E ( ) V Q � � I E ( �ªV � I �"O @@V
|�4S*wX3#B!0%.F^�(%'*��"!$# hU!$#d+-!0%'/')(�"Fr�"!$#p1Z4G#d+5%.[H!0/ C�8M%.#-��4S�N4S/.]HF��N4Ga0)�4S/'*i�3!$#B[=� s)"}(T«)(�"F�4S)(*
C��"af4Sj(/<`^!$#d+-!0%'/')(�"F^*B�(%'mnj^+-!k�"!$#&1Z4G#d+5%.[H!0/Z)(�(���"!$#�F^/.!0%'mnj"!0�2hU!$#d+-!0%'/')(�"F^*,8�4Sj"#-*Bmnj"!0%'�@>
/'%'mnj"[H!0%<+�LW!0*Bmnj"#-%.!$LW!0�iO

� I E ( � V Q � � I E ( ) V � I �"OQPHV
|�%.!�C��"af4Sj(/<`^!$#d+-!0%'/')(�"F^*B�(%'mnj^+-!M�"!$#91Z4G#d+5%.[H!0/��&*,+-!0/'/<+ *B%'mnjb�N4S�(��4S/'*�13#B]=�()"[\+�4S)(*��"!$#
C��"af4Sj(/'�(%'mnj^+-!A`^!$#d+-!0%'/')(�"F��"!$#�1Z4G#d+5%.[H!0/N¥ )(�(��� �{¥rhU!$#d+-!0%'/')(�"F^*,8�4Sj"#-*Bmnj"!0%'�(/'%'mnj"[H!0%<+-!0�
�N4G#0O"|�)"#-mnj�;�]HF\4G#-%<+5j(xk%.!$#B!0��8M%.#-��4S)(*v�"!0x 13#B]=�()"[\+�!0%'�"!�?=)(xkx�!�4S)(*9�"!0x ;�]HF\4t>
#-%<+5j(x~)(*9�"!$#�C��"af4Sj(/'�(%'mnj^+-!A`^!$#d+-!0%'/')(�"F&`^]^��1Z4G#d+5%.[H!0/�¥�)(�(���"!0��� �_¥ ;�]HF\4G#-%<+5j(x�!0�

¥f¦ ¬



��� � 	���� ��
 
�	T��	$� 	 ��� 	$� ���D	�� ��	����
	���%'���(	��!��	��

�"!$#�hU!$#d+-!0%'/')(�"F^*,8�4Sj"#-*Bmnj"!0%'�(/'%'mnj"[H!0%<+-!0�iO


 � � � I E ( � V Q 
 � � � I E ( �ªV � � � �'
�
� � 
 � � � � I �"O �^V

8��^+-!$#k�"!$#YC��(�N4Sj(x�!HeZ�N4S*B*��(%.!0*d!;��#ts]HuH!0�_`^]^�"!0%'�N4S�(�"!$#k)(�N4GLNjws4S�"F^%.F *B%'�(�ie3Tl]^/.FS+fe
�N4S*B*�*B%'mnj��"!$#�;�]HF\4G#-%<+5j(x~)(*k�"!$#�FH!0*B)(mnj^+-!0�J�3!$#d+-!0%'/')(�"F^*dT«)(�"[\+5%.]^�gFH!0xqs4Gu2a$!0�^+-#54t>
/.!0x ��#B!0�"aA89!$#d+5*-47+-a��"!$#�?\+n47+5%'*,+5%.[M!0%'�"!$#��M]H#-xY4S/<`^!$#d+-!0%'/')(�"F�4S* P"x�}"+-]S+5%'*Bmnj�4S�(�ws4Sj"!$#d+fe
89!0�(� �©j(%'�"#B!0%'mnj"!0�(�_FH#B]Hu %'*,+fOp��!0�(�_�"!$# ;�]HF\4G#-%<+5j(x~)(*��"!$#&�3!$#d+-!0%'/')(�"F^*dT«)(�"[\+5%.]^�
�"!$#�1Z4G#d+5%.[H!0/'�()"#-mnj(x�!0*B*d!$#�!0%'�"!$#��M]H#-xY4S/<`^!$#d+-!0%'/')(�"FYTl]^/.FS+feU�N4S�(� *B%'�(�©�(%.!~1Z4G#d+5%.[H!0/ >
�()"#-mnj(x�!0*B*d!$#�*d!0/.LN*,+ /.]HF\4G#-%<+5j(xk%'*Bmnj��"]H#-xY4S/<`^!$#d+-!0%'/<+fO$|�4r*B%'mnj��(%.! 99%'/'�()(�"F��"!$# %'xkx�!$#
[=/.!0%'�"!$#�89!$#-�"!0�(�"!0�&[=/.!0%'�(*,+-!0��1Z4G#d+5%.[H!0/'��4S/'*p`^]^x�hU!0%<+5*Bmnj"#-%<+B+ 	�4GLNjws4S�"F^%.FH!0*�X3#B!0%.F^�(%'*
�N4G#-*,+-!0/'/<+feW89!0/'mnj"!0*�%'xkx�!$#�)(�^8�4Sj"#-*Bmnj"!0%'�(/'%'mnj"!$#�8M%.#-�ieULN%'/'�"!A+�*B%'mnj �(%.!~T5s)"#�/.]HF\4G#-%<+5j@>
xk%'*Bmnj"!��M]H#-xY4S/<`^!$#d+-!0%'/')(�"FH!0�k+�P=}N%'*Bmnj"!�4S* P"xkx�!A+-#-%'*Bmnj"!��3!$#d+-!0%'/')(�"Fk4S)(*$O
��x j(%.!$#R)(�^+-!$#-*B)(mnj^+-!0� :q!0*B*dLW!$#B!0%'mnj�aA8M%'*Bmnj"!0� ¬ ¦�)(�(� ¥f¦H¦H¦�§i¨ %'*,+�89!0�"!$#�4S)(*�>
*Bmnj(/'%.!$u^/'%'mnj2xk%<+��"!0x !0%'�"!0� �"]=mnj xk%<+&�"!0x�4S�(�"!$#B!0� XZ6@+-#B!0x�TK4S/'/Za0)2#B!0mnj(�"!0�iO |�%.!
X��^+5*,+-!0j@)(�"F �"!$#~[=/.!0%'�(*,+-!0� op#B]H}(Tl!0� %'*,+�4GLNjws4S�"F^%.F�`^]^� �"!$#~op]=mnj^+-!$#d+-#B]H}(Tl!0�^`^!$#d+-!0% >
/')(�"FM)(�(���"!$#B!0�TM�]\4S/.!0*da$!0�"aA`^!$#-jN4S/<+-!0�iO19 !0%'�"!�*B%'�(���@)"#p�@)N4S/'%<+n47+5%<`M`^!$#-*,+n4S�(�"!0�"!�13#B]G>
a$!0*B*d!Hew�(%.!�a0)(�"!0x *,+n4G#B[;�()"#-mnj;�3!$#-)(�"#B!0%'�(%.F^)(�"FH!0�©LW!$!0%'�=��)(*B*,+�89!$#-�"!0�iO E^!�L(#B!0%<+-!$#
�(%.!�op]=mnj^+-!$#d+-#B]H}(Tl!0�^`^!$#d+-!0%'/')(�"F�%'*,+fe\�"!0*,+-]�89!0�(%.FH!$#�jws4S�"FS+9�(%.! 99%'/'�()(�"F��"!$# [=/.!0%'�(*,+-!0�
op#B]H}(Tl!0�&`^]^��`^]H#-j"!$#BFH!0j"!0�(�"!0�{|�%'*d}W!$#BF^%.!$#B}(#B]Ha$!0*B*d!0�k4GL�OG��x�XZ6@+-#B!0x�TK4S/'/�¥9Tl]^/.FS+�!0%'�"!
�M]H#-xY4S/<`^!$#d+-!0%'/')(�"FNOn��!$#-�"!0���(%.!�op#B]H}(Tl!0���N4GFH!$FH!0��%'xkx�!$#i%'��aA89!0%SF^/.!0%'mnj"FH#B]HuH!3op#B]H}=>
Tl!0��a$!$#d+-!0%'/<+fe"!0�^+5*,+-!0j^+�!0%'�"!�/.]HF\4G#-%<+5j(xk%'*Bmnjb�"]H#-xY4S/<`^!$#d+-!0%'/<+-!���)(�"[\+5%.]^�iO(|�%.!399%'/'�()(�"F
�"!$#�[=/.!0%'�(*,+-!0�;op#B]H}(Tl!0��8M%.#-�;�N4S�(�;)(�^8�4Sj"#-*Bmnj"!0%'�(/'%'mnj"!$#0e�89!0%'/p!0%'�"!{y�!0%'j"!�`^]^�;|�%'*�>
}W!$#BF^%.!$#-*Bmnj"#-%<+B+-!0�R]^j(�"!�aA8M%'*Bmnj"!0�"a$!0%<+5/'%'mnj"!TM�]\4S/.!0*da$!0�"a�*,+n47+B+-FH!$T«)(�(�"!0�RjN4GLW!0�qx~)(*B*$O
|�%.!&�N]^/.FH!�%'*,+�!0%'�"!�FH!$#-%'�"FH!$#B!��~s4S)=�NFH[H!0%<+��(%.!0*d!$#�op#B]H}(Tl!0�q)(�(�q!0%'�"!�/.]HF\4G#-%<+5j(xk%'*Bmnj"!
�M]H#-xY4S/<`^!$#d+-!0%'/')(�"FNO
99%'*�4S)"T��(%.!©?"P"*,+-!0x�!He��(%.!�LW!A8M)(*B*,+�xk%<+Y!0%'�"!$#b[H]\4S/.!0*da$!0�"a0j"!0xkx�!0�(�"!0��?=)"LN*,+n4S�"a
`^!$#-*d!A+-aA+&89!$#-�"!0� IK�ws4Smnj(*,+-!$#&CMLN*Bmnj(�(%<+B+ªVªe�/E4S*B*d!0�_*B%'mnj_4S�(�ws4Sj"!$#-�(�_4S/'/.!YFH!0x�!0*B*d!0�"!0�
op#B]H}(Tl!0�"FH#ts]HuH!0�^`^!$#d+-!0%'/')(�"FH!0��!0�^+�89!0�"!$#p�()"#-mnj�/.]HF\4G#-%<+5j(xk%'*Bmnj��"]H#-xY4S/<`^!$#d+-!0%'/<+-!���)(�"[^>
+5%.]^�"!0�ie\8M%.!�%'�bCML(LN%'/'�()(�"F �"O'¥�@~4S)"T�?UOU¥f¦ C�)(�^+-!0�b�N4G#BFH!0*,+-!0/'/<+fe\]=�"!$#v�()"#-mnj��"]H#-xY4S/ >
`^!$#d+-!0%'/<+-!k��)(�"[\+5%.]^�"!0��4GL(LN%'/'�"!0�iO�����CMLN*Bmnj(�(%<+B+�I �"ODCHVM8M%.#-� �N4Sj"!$#�a0)"#�|�4G#-*,+-!0/'/')(�"F

¥f¦�@



� ������� ��
 �(�-� � �������
	$� ��� ��� 	 ��	$� 
1����� 	

�"!$#{�3!$#d+-!0%'/')(�"FH!0��%'x�� 4Sj"#-*Bmnj"!0%'�(/'%'mnj"[H!0%<+5*B�"!A+-a s)"LW!$#BFH!$F\4S�"FH!0�iO E^!R�N4Smnj�C�mnj(*d!0�@>
+-!0%'/')(�"F��"!$#�CMLN*da0%'*B*d!�89!$#-�"!0�;�N4Sxk%<+M!0�^+�89!0�"!$#��M]H#-xY4S/<`^!$#d+-!0%'/')(�"FH!0�R�"!$#�op#B]H}(Tl!0�@>
�()"#-mnj(x�!0*B*d!$#r]=�"!$#r�"!$#B!0�#;�]HF\4G#-%<+5j(x�!0��4S/'*r��!$#54S�"!0�R�N4G#BFH!0*,+-!0/'/<+fO

� � � 760�,�� 0������<0���� � ���

1 ]^/ P@`"%'� P"/E4S/.[H]^j"]^/�IK1Z��C�V��(%.!0�^+�j(%.!$# 4S/'*5M�]\4S/.!0*da$!0�"a0j"!0xkx�!$#0OS���{�3]H#d`^!$#-*B)(mnj"!0�YjN47+
*B%'mnj_FH!$a$!0%.FS+fe��N4S*B*{%'x ?"P"*,+-!0x op]^/')"]^/JVt� 4S*B*d!$#�4GL M�]^�"a$!0�^+-#547+5%.]^�"!0� `^]^� ¬ ¦H¦�¨ �
1Z��C�}(#B]D;w%<+-!$#�op]^/')"]^/w[H!0%'�"!�89!0%<+-!$#B!��3!$#ts4S�(�"!$#-)(�"F��"!0*+M�]\4S/.!0*da$!0�"aA`^!$#-jN4S/<+-!0�(*Ma0)
LW!$]HL�4Smnj^+-!0�_%'*,+fO |�%.!��()"#-mnj_%'�^+-!0�(*B%<`^!0*~y{s)(j"#B!0�_!$#Ba$!0)"FS+-!0�_|�%'*d}W!$#-*B%.]^�"!0�2+-#B!0�(�"!0�
*B%'mnj�4S)(mnj��N4Smnjb��]=mnj"!0���(%'mnj^+98M%.!0�"!$#9]^j(�"!�a0)(*fs47+-a0/'%'mnj"!�: 4Gu^�N4Sj(x�!0�iO@|�4S*9%'���(%.!ª>
*d!$# M�]^�"a$!0�^+-#547+5%.]^���"!0x ?\+-]S�¡* P"*,+-!0x a0)"FH!$T5s)(j"#d+-!91Z��C_!$#Ba$!0)"FS+ LW!0%\[H!0%'�"!0x
�3!$#-*B)(mnj
�"!0�2!$#d8�4G#d+-!A+-!0�2XZ�U!$[\+fe��N4S*&op#B]H}(Tl!0�(*d}W!$[\+-#-)(x !0%'�(j"!0%<+5/'%'mnj a0)2[=/.!0%'�"!$#B!0� op#B]H}(Tl!0�
a0)�`^!$#-*Bmnj(%.!$LW!0�ie�*d]^�(�"!$#-�cT5s)(j"#d+ka0)cLN%'x�]=�N4S/.!0��op#B]H}(Tl!0�"FH#ts]HuH!0�^`^!$#d+-!0%'/')(�"FH!0� IKCML=>
LN%'/'�()(�"F �"O'¥tPHVªO���s)"#-�"!�[H!0%'�"!DM�]\4S/.!0*da$!0�"a�*,+n47+B+B���(�"!0�ie �N4S�(� x©s)(*B*,+-!��N4Smnj !0�(�(/'% >
mnj"!$#�hU!0%<+��"!$#&#B!0mnj^+-!Yop!0%'/��"!$#&LN%'x�]=�N4S/.!0� �3!$#d+-!0%'/')(�"F�a0)"F^)(�(*,+-!0� �"!0*�/'%'�"[H!0� `^!$#,>
*Bmnj^8M%'�(�"!0�iO�|�4 �(%.!0*Y�(%'mnj^+YLW!$]HL�4Smnj^+-!A+Y8M%.#-�ie�x~)(*B*�!0*ka0) M�]\4S/.!0*da$!0�"aA`^]H#BFWs4S�"FH!0�
[H]^xkx�!0�iO�|�4G#BFH!0*,+-!0/'/<+�*B%'�(�2�(%.!��3!$#d+-!0%'/')(�"FH!0�iep�(%.!b%'���"!$#&�~s4Sj"!b�"!$#&��/,s)(*B*B%.FH[H!0%<+5*�>
]HLW!$#d��s4Smnj"!�FH!0x�!0*B*d!0�28M)"#-�"!0�iOZ|�%.!�8��^+-!$#-*Bmnj(%.!0�"!�aA8M%'*Bmnj"!0���"!0� �3!$#d+-!0%'/')(�"FH!0��%'�
y{s)(j"#B!$#,>Z)(�(�k%'� ��LW!$#d��s4Smnj"!0�(�ws4Sj"!�*B%'�(��8M%.!r%'x�#B!0%'�"!0�b?\+-]S�¡* P"*,+-!0x�op]^/')"]^/JVt� 4S*B*d!$#
*d!0j"#{FH!$#-%'�"FNO�|�4Sj"!$#{x©s)(*B*d!0�_�(%.!DM�]\4S/.!0*da$!0�"aA`^]H#BFWs4S�"FH!�%'x��(%.#B!$[\+-!0�_C�)(*B*,+-#ts]^x&LW!ª>
#B!0%'mnj��"!$#�?=mnj"!0%.LW!0�"#Ss)(j"#B!$#�*,+n47+B+B���(�"!0�iO�|�4�*B%'mnjJ%'x yr)(j"!$a0)(*,+n4S�(��[H!0%'�"!$#-/.!0%'M�]G>
4S/.!0*da$!0�"a©a$!0%.FS+fe�s)"LW!$#d+-#B!A�U!0� �(%.!q8M%.#B[H!0�(�"!0� M�#ts4GT +-!©�(%.! �"!0*�C�)"T +-#-%.!$LW!0*�%'��!0%'�"!$#
*d!0�(%'x�!0�^+5%.!$#d+-!0�R?=mnj(%'mnj^+M�"!0)=+5/'%'mnjiO
|�!$#��3!$#BF^/.!0%'mnjg�"!$#YLW!0%'�"!0�J: 4Gu^*,+n4GLN*Gs)"LW!$#d+-#54GF^)(�"F^*d[@#-%<+-!$#-%.!0��a$!0%.FS+Yj(%.!$#kLW!0%M4S/'/.!0�
)(�^+-!$#-*B)(mnj^+-!0��|�%'*d}W!$#-*d}NjN4S*d!0�N4S�^+-!0%'/.!0�gLW!0*B*d!$#B! s8MLW!$#B!0%'�(*,+5%'xkx~)(�"F �"!$#Y�3!$#d+-!0%'/')(�@>
FH!0�2%'� �"!0� 9 !0jws4S/<+-!$#-��xk%<+����(�"!0�(�()"#-mnj(x�!0*B*d!$#-� 6 Q ¥1?H¦"e ¬ ¦H¦�)(�(� @\¦H¦�¨�¨ LW!0%
[H]^�(*,+n4S�^+-!$#ry{s)(j"#B!$#-)(x�TK4S�"F^*dFH!0*Bmnj^8M%'�(�(%.FH[H!0%<+fO
|�4S*�LW!0*,+7s47+5%.FS+��(%.!Y�&P=}W]S+5j"!0*d!Hep�N4S*B*��(%.!kLW!$]HL�4Smnj^+-!A+-!�+-!0�(�"!0�"a0%.!0/'/.!��3!$#BFH#ts]HuH!$#-)(�"F
�"!$#9op#B]H}(Tl!0�b%'x #B!0%'�"!0��?"P"*,+-!0x�op]^/')"]^/JVt� 4S*B*d!$#�xk%<+�*,+-!0%.FH!0�(�"!0�b|�%'*d}W!$#-*d}NjN4S*d!0�N4S�@>
+-!0%'/.!0�;LW!0%��"!$#�: 4Gu^*,+n4GLN*,`^!$#BFH#ts]HuH!$#-)(�"F�xk%<+�[H]^�(*,+n4S�^+-!$#�y{s)(j"#B!$#-)(x�TK4S�"F^*dFH!0*Bmnj^8M%'�@>
�(%.FH[H!0%<+�4S)"TUa0)(�"!0j(x�!0�(�"!&M�]\4S/.!0*da$!0�"aA`^]H#BFWs4S�"FH!va0)"#Ss)(m5[@a0)"T5s)(j"#B!0�Y%'*,+fOH|�%.!0* 8M%.#-��j(%.!$#

¥f¦^P



��� � 	���� ��
 
�	T��	$� 	 ��� 	$� ���D	�� ��	����
	���%'���(	��!��	��

� �
� Q ¬ ¥f¦�� �7¨ � � ��� ( Q ¥ZC$?���¨ � �

� Q ¦�C5¦^P

1 9 0 m m

3 0 0 m m

4 0 0 m m

0 , 0

0 , 2

0 , 4

0 , 6

0 , 8

1 , 0

0 2 0 0 4 0 0 6 0 0 8 0 0 1 0 0 0d p

Q 0

µ m

3 0 0 m m

4 0 0 m m

1 9 0 m m

0 , 0

0 , 2

0 , 4

0 , 6

0 , 8

1 , 0

0 2 0 0 4 0 0 6 0 0 8 0 0 1 0 0 0d p

Q 0

µ m

� Q ¦�C0¥

1 9 0 m m

3 0 0 m m

4 0 0 m m

0 , 0

0 , 2

0 , 4

0 , 6

0 , 8

1 , 0

0 2 0 0 4 0 0 6 0 0 8 0 0 1 0 0 0d p

Q 0

µ m

1 9 0 m m

4 0 0 m m

3 0 0 m m

0 , 0

0 , 2

0 , 4

0 , 6

0 , 8

1 , 0

0 2 0 0 4 0 0 6 0 0 8 0 0 1 0 0 0d p

Q 0

µ m

� Q ¦�C C

1 9 0 m m

3 0 0 m m

4 0 0 m m

0 , 0

0 , 2

0 , 4

0 , 6

0 , 8

1 , 0

0 2 0 0 4 0 0 6 0 0 8 0 0 1 0 0 0d p

Q 0

µ m

1 9 0 m m

3 0 0 m m

4 0 0 m m

0 , 0

0 , 2

0 , 4

0 , 6

0 , 8

1 , 0

0 2 0 0 4 0 0 6 0 0 8 0 0 1 0 0 0d p

Q 0

µ m

CML(LN%'/'�()(�"F �"O'¥tP��Hop#B]H}(Tl!0�"FH#ts]HuH!0�^`^!$#d+-!0%'/')(�"FH!0��%'��[H]\4S/.!0*da$!0�"a$FH!0j"!0xkx�+-!0�k?"P"*,+-!0x�!0�
IK1Z��C�V

¥f¦��



� �������I�-� � �������
	$� ��� ��� 	 ��	$� 
1����� 	

�(%'mnj^+rLW!$]HL�4Smnj^+-!A+fO
|�%.!rX3#BFH!$LN�(%'*B*d!M�"!$#58��^+-!$#-*B)(mnj@)(�"FH!0��a0)(x�|�%'*d}W!$#-*d}NjN4S*d!0�N4S�^+-!0%'/N�N4Smnj{LW!0*,+5%'xkx�+-!0�
CMLN*d!A+-a$a$!0%<+-!0�;IKCML(L�O �"O'¥H¥tV�89!$#-�"!0�k!$LW!0�"TK4S/'/'*�)(�^+-!$#-xY4S)"!$#d+fOH��s)"# �(%.!�hU!$#d+-!0%'/')(�"F��"!$#
op#B]H}(Tl!0�~*B%'�(�~�(%.!���)(%'�(�(P"�N4Sxk%'*Bmnj"!0� 9 !0�(%'�"F^)(�"FH!0�~%'x�y{s)(j"#B!$#-�N4Sj\LW!$#B!0%'mnj~!0�^+5*Bmnj"!0% >
�"!0�(�iOW|�%.!0*d!�89!$#-�"!0��`^]H#�4S/'/.!0x �()"#-mnj��(%.!�xY476"%'xY4S/.!0����!0*Bmnj^8M%'�(�(%.FH[H!0%<+-!0��4S�R�"!0�
y{s)(j"#B!$#BLN/E47+B+5*d}N%<+-a$!0��LW!0*,+5%'xkx�+fO

� 
�� � � �  $��9��$&�'"%1�$ -/.���(*�'",+#��-/.��
���Y�(%.!0*d!0x CMLN*Bmnj(�(%<+B+�89!$#-�"!0�k�(%.!��3!$#-*B)(mnj(*d!$#BFH!$LN�(%'*B*d!��"!$#�[H]^�^+5%'�@)(%.!$#-/'%'mnj"!0�~�3!$#-*B)@>
mnj"!��(%'*d[=)=+5%.!$#d+fO"X�*989!$#-�"!0�b`^]H#r4S/'/.!0x :�s]HF^/'%'mnj"[H!0%<+-!0�b)(�^+-!$#-*B)(mnj^+fe"!0�"FH!$#B!�op#B]H}(Tl!0�@>
FH#ts]HuH!0�^`^!$#d+-!0%'/')(�"FH!0��T5s)"#�]H}"+5%'xY4S/.! 9 !0�(%'�"F^)(�"FH!0�YL(a$F^/ O=?\+-]S�W+-#54S�(*d}W]H#d+fe@4GLW!$#�F^/.!0%'mnj@>
a$!0%<+5%.F�4S)(mnj L(a$F^/ OMCML"+-#B!0�(�\L�4G#B[H!0%<+q�"!0* hW89!0%.}NjN4S*d!0�"FH!0xk%'*Bmnj"!0*Ra0)
!$#Ba$!0)"FH!0�iOr��x
!$#-*,+-!0��CMLN*Bmnj(�(%<+B+Y89!$#-�"!0���(%.!qC�)(*,8M%.#B[=)(�"FH!0�g`^!$#-*Bmnj(%.!0�"!0�"!$#D9 !A+-#-%.!$LN*d}�4G#54Sx�!A+-!$#
�(%'*d[=)=+5%.!$#d+fei8&s4Sj"#B!0�(��%'� CMLN*Bmnj(�(%<+B+��"ODC=ODC���!$]^x�!A+-#-%.!A`S4G#-%E47+5%.]^�"!0� %'x �3]H#-�"!$#BFH#-)(�(�
*,+-!0j"!0�iO

�����(��� � *�� �G.$+,+��
�)��� � ' �#*-� � + � � � � 	 � ' �)�


30�*�GI0(4 7 � 0(4J.

|�%.!��3!$#-*B)(mnj(*-4G}(}�4G#547+5)"#�!$#-/E4S)"L"+��(%.!���4G#-%E47+5%.]^�q�"!$#��3!$#d89!0%'/.a$!0%<+�%'x y{s)(j"#BLW!0jws4S/<+-!$#
aA8M%'*Bmnj"!0� ��� Q ¥f¦�¨ � 	�)(�(� �(%'*d[H]^�^+5%'�@)(%.!$#-/'%'mnj"!0x 9 !A+-#-%.!$L�I ��� Q	� VªOi��� �(%.!0*d!0xRe
`^]H# 4S/'/.!0x��()"#-mnjk�(%.!'M�4G}�4Ga0%<+7s47+��"!0*�CMLN*Bmnj"!0%'�"!$#-*$e\LW!$FH#B!0�"aA+-!0� 9 !$#B!0%'mnjk%'*,+��"!$# X�%'�@>
��)(*B*r�"!$#9�3!$#d89!0%'/.a$!0%<+r4S)"T��(%.!�op#B]H}(Tl!0�"FH#ts]HuH!0�^`^!$#d+-!0%'/')(�"F&FH!0�"!$#B!0/'/¡FH!$#-%'�"FNO=����CML(LN%'/ >
�()(�"F �"O'¥ ��a$!0%.FS+&*B%'mnj�*d!0/.LN*,+&LW!0%��(%.!0�"#-%.FH!0x ;�!0%'*,+5)(�"F^*d!0%'�^+-#54GF � �
� � ¥f¦H¦�� �7¨��
)(�(��[=/.!0%'�"!0x |�%'*d}W!$#-*d}NjN4S*d!0�N4S�^+-!0%'/ � Q ¦�C5¦^P;>Y4S/'*d] T5s)"#�!0%'�"! *Bmnj(�"!0/'/.!©X�%'�(*,+-!0/ >
/')(�"F{�"!0*r��/.!0%'mnj"FH!A8M%'mnj^+-!0*�aA8M%'*Bmnj"!0��hU!$#d+-!0%'/')(�"F~)(�(��M�]\4S/.!0*da$!0�"a�)(�"Fis)(�(*,+5%.FH!0�D9 !ª>
�(%'�"F^)(�"FH!0�;>M[H!0%'�"!��"!0�(�"!0�(*,89!$#d+-!kC�)(*,8M%.#B[=)(�"F��"!$#��3!$#d89!0%'/.a$!0%<+�4S)"T �(%.!�op#B]H}(Tl!0�@>
FH#ts]HuH!0�^`^!$#d+-!0%'/')(�"FNO7��x j(%.!$#Z)(�^+-!$#-*B)(mnj^+-!0�~a$!$#d+-!0%'/')(�"F^*B�"]^xk%'�(%.!$#d+-!0�I9 !$#B!0%'mnjRI � �
� �

¬ ¦H¦�� �7¨��0Vr8&s4G#B!~!0%'�"!~�3!$#-*Bmnj(%.!$LN)(�"FR�"!0*�?@}W!$[\+-#-)(xk*�a0)©jws]^j"!$#B!0�©op#B]H}(Tl!0�(�()"#-mnj@>
x�!0*B*d!$#-���()"#-mnj�)(�^`^]^/'/'*,+7s4S�(�(%.FH!�|�%'*d}W!$#BF^%.!$#-)(�"F~LW!0%¡y�!0�()"[\+5%.]^���"!$#9�3!$#d89!0%'/.a$!0%<+�4Sx

¥f¦ ­



��� � 	���� ��
 
�	T��	$� 	 ��� 	$� ���D	�� ��	����
	���%'���(	��!��	��
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T o l u o l  i n  W a s s e r
D  =  3 0 0  m m
S c h e i b e n r ü h r e r
d / D  =  0 , 3
j  =  0 , 0 5
P / V  =  9 4  W / m ³  

V e r w e i l z e i t  t V
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T o l u o l  i n  W a s s e r
D  =  3 0 0  m m
S c h e i b e n r ü h r e r
d / D  =  0 , 3
t V  =  3 0  m i n
P / V  =  2 1 1  W / m ³  

     j        j F e i n

                      [ p p m ]            
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s t e i g u n g :
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T o l u o l  i n  W a s s e r
D  =  3 0 0  m m
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  2 1 1  W / m ³

  3 0 8  W / m ³
  4 6 6  W / m ³
  6 8 6  W / m ³
1 0 5 1  W / m ³

1 5 7 0  W / m ³

2 3 6 2  W / m ³

3 5 6 2  W / m ³
5 3 0 8  W / m ³

0 2 0 0 4 0 0 6 0 0 8 0 0 1 0 0 0
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µ m

0 , 9 5

0 , 8 0

0 , 6 0

0 , 4 0

0 , 2 0

0 , 0 1

0 , 0 5

T o l u o l  i n  W a s s e r
D  =  3 0 0  m m
S c h e i b e n r ü h r e r
d / D  =  0 , 3
j  =  0 , 1 2 5
t V  =  1 5  m i n

0 , 9 9 9

0 , 0 0 1

         P / V
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j  =  0 , 0 5

j  =  0 , 1

j  =  0 , 2

1 0

1 0 0

1 0 0 0

1 1 0 1 0 0 1 0 0 0 1 0 0 0 0

s p e z .  L e i s t u n g s e i n t r a g  P / V
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~  e - 0 , 2 8

T o l u o l  i n  W a s s e r
S t a t i s c h e  M i s c h e r
2 x 4  S u l z e r  S M X  D N  6
L ä n g e  L  =  6 0  m m

k W / m ³

µ m
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h i n t e r  d e n  
s t a t i s c h e n  
M i s c h e r n

o h n e  
s t a t i s c h e  
M i s c h e r

m i t  
s t a t i s c h e n  
M i s c h e r n

0 1 0 0 2 0 0 3 0 0 4 0 0 5 0 0 6 0 0 7 0 0 8 0 0
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µ m

0 , 9 5

0 , 8 0

0 , 6 0

0 , 4 0

0 , 2 0

0 , 0 1

0 , 0 5

T o l u o l  i n  W a s s e r
D  =  3 0 0  m m
S c h e i b e n r ü h r e r
d / D  =  0 , 3
j V  =  0 , 1
t V  =  1 4  m i n
P / V  =  2 1 1  W / m ³

T r o p f e n g r ö ß e n v e r t e i l u n g e n
i m  R ü h r b e h ä l t e r

2 x 4  S M X  D N  6
j  =  0 , 1
P / V  =  9 6 1  k W / m ³
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V e r s u c h s p a r a m e t e r :
D  =  3 0 0  m m
S c h e i b e n r ü h r e r
d  =  1 5 0  m m
T o l u o l  i n  W a s s e r
j  =  0 , 1

R e c h e n p a r a m e t e r :

K F  =  3 , 5  1 0 - 5

K E  =  1 , 8 3  1 0 1 3  m - 2  
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1 .  A n p a s s u n g :

2 .  A n p a s s u n g :

3 .  A n p a s s u n g :

M e s s w e r t e

W / m ³

µ m
K F = 3 , 5  1 0 - 5 ;  K E = 1 , 8 3  1 0 1 3  m - 2

K F = 3 , 5  1 0 - 5 ;  K E = 1 , 8 3  1 0 1 1  m - 2

K F = 3 , 0  1 0 - 3 ;  K E = 1 , 8 3  1 0 1 4  m - 2

V e r s u c h s p a r a m e t e r :
D  =  3 0 0  m m
S c h e i b e n r ü h r e r
d  =  1 5 0  m m
T o l u o l  i n  W a s s e r
j  =  0 , 1
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  8 2  W / m ³

1 6 8 6  W / m ³

2 1 1  W / m ³

4 1 2  W / m ³

1 1 5 6  W / m ³
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0 , 2
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0 , 8
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µ m

V e r s u c h s p a r a m e t e r :
D  =  3 0 0  m m
S c h e i b e n r ü h r e r
d  =  1 5 0  m m
T o l u o l  i n  W a s s e r
j  =  0 , 1

e  =

  8 2  W / m ³

  8 2  W / m ³

2 1 1  W / m ³

4 1 2  W / m ³

1 1 5 6  W / m ³

1 6 8 6  W / m ³

0

0 , 2

0 , 4

0 , 6

0 , 8
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0 1 0 0 2 0 0 3 0 0 4 0 0 5 0 0 6 0 0 7 0 0 8 0 0
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µ m

V e r s u c h s p a r a m e t e r :
D  =  3 0 0  m m
S c h e i b e n r ü h r e r
d  =  1 5 0  m m
T o l u o l  i n  W a s s e r
j  =  0 , 1

R e c h e n p a r a m e t e r :

K F = 3 , 0  1 0 - 3

K E = 1 , 8 3  1 0 1 4  m - 2

e  =
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R e c h e n p a r a m e t e r :

K F = 4 , 0  1 0 - 7
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