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Det. Circulaires: Ω=2.77ο

Det. Rectangulaires: δx=2*0.5o, 
δy=2*2.77o
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Det. Circulaires: Ω=2.770 , 

Det. Rectangulaires: δx=2*0.5o, δy=2*2.77O 

( ψ = 31.5, ψ = 28.5 , α= 2∗5 )
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D=54 µm
D=108 µm
D= 216 µm
Regression lineaire

Pente: –0.6898
Constante: 0.8289
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f=310 mm

(6) Filtres interférentiels

(5) Lentille de collimation

(4) Filtrage spatial (fente)

(8) Détecteurs

(3) Lentille de collimation/focalisation
(2) Lentille de collection

(1) Masque

L= 200

f=160 mm

f=160 mm

f=60 mm

(7) Lentilles de focalisation
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488 nm
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épurateurs
Filtres

Détendeurs HP et MP

Azote haute pression

des solutions pulvérisées
Cuves de pressurisation 

( 3D)
Micro-déplacement des injecteurs

Ensemble à deux modes  
de détection

PC d’acquisition

2 voies
Banques de filtres

numérique 
Oscilloscope

de l’émission
PC de contrôle

Emission des 4 faisceaux 
laser

m
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V

V

x

z

¯�° ±�² z�Ò Ú Ù a�' & $9� !)@C-A/ ! / O 0 & @C-A" �T( �+' 2 � V @�4� 0 " � $%I �G0�4� & ' " �84� �J@A/ �A0G' �G! � � !#( ��*�� � �A0 �+(�2 " $%( " I �<@A& 0� D � !A.� *��9.&<K
� � V<e+/ ( � �#� !8' 2 4� ! �A( ��( �<' 2 " $%! � 0 & I ! " / $G( �6@A/ ' D ( " � @A� 0 � " / $C�
(�2 " $%( " I � �
( " HT4� 0 � $%! � M



Ã C �&CT½3Á�Ã�½,Ãls3Ç_À�d Å K<½3Á8Ç)¾�t6½�Å G�KqÁ�K<½3Ç)Á9Â
Á�sh�FÃ&©8Ç)¾E8Ã � z {P1QgiKñ�P1Q:h @ ë È í \ ë � í ë�{ \ í \ æ { \ æ � í \ æ È í \ë È í \ Ò � í Ó Ù Ù Ù Ù Ù í Ò � � Éë � í \ Ù í Ò í�Ú�� Ù Ù Ù í Ò í�Ú Ú Ùë�{ \ Ù Ù í Ò í È z Ù í Ò í É ö Ù Ù
í \ Ù Ù Ù � Ò É Ó  Ù ö Ù Ù Ùæ { \ Ù Ù í Ò í È z Ù í Ò í { Ó Ù Ùæ � í \ Ù í Ò � È�� Ù Ù Ù í Ò í � É Ùæ È í \ í Ò � Ó Ó Ù Ù Ù Ù Ù í Ò � í �

�����F² z�Ò É Ù c�" *��A' & ! " / $F.&�' 2 & " ( �#( ��' 2 / @%! " 1 �A�#O64� / *N4� ! 0 " 1 �A��( ��' 2 4� I & 0 ! L)! D @A�#� �A0
' 2 " $%( " I �#/A; ! � $%� B�@A& 0" $%: � 0 � " / $T( �T0 & @ @A/ 0 !#( ��@C-A& � �G� !�@A/ �A0J( " HT4� 0 � $%! � �<� 0 0 � �A0 �J� D � !%4� *�& ! " 1 �A� �<� �A0<' &�@C-A& � ��& ! ! � $%( �A�@A/ �A0#' � �)O64� / *N4� ! 0 " � �
c�! & $%( & 0 (Je+/ ( " 7+4� �#� !�a�' & $%� M

« ¬  « ® ¯�° ±�² z�Ò � Ù l�0 0 � �A0�� �A0J' &+*�� � �A0 ��(�2 " $%( " I �<� " *��A' 4� �q.&J@A& 0 ! " 0J( �G' 2 / @%! " 1 �A�<O64� / *N4� ! 0 " 1 �A� M
U8� ! ! �J� 0 L0 � �A0+� � !#� V @%0 " *N4� �T� $�òW( ��' 2 " $%( " I �+$%/ *�" $%& '6! -
4� / 0 " 1 �A�T� !�� � !�( / $%$�4� �+� $�P / $%I ! " / $N( ��' &,! & " ' ' �
( � �+@A& 0 ! " I �A' � �]� !�( �9' 2 " $%( " I �,$%/ *�" $%& ' M��
2 � 0 0 � �A0T� D � !%4� *�& ! " 1 �A�]" $%! 0 / ( �A" ! �]� �A0T' &]@C-A& � �]� � !G( �Q P1Qgi ò P1Qgi R = 8 ë�{ \ ò æ { \ < ( & $C�G' &J73O �A0 � 8 ��< � !�Q P1Qgi ò P1Qgi R = 8 ë � í \ ò æ � í \ < ( & $C�G' &J73O �A0 �
8 � < M
� �	�1 .?� Í�	 2 .�
 6  �#� 7 4 1 1  � Í�1  � 2 � 6 4 1 1 7 � 4 2 �?��/�.!
 7 	�	 2 
 ��/��	�@?7 � ����	? .�,  ����B . % 7 .�9 :; ���  
 6  � � 

 
 
  .�
 Ò � 7 �?��1 7�9�7 :;:;�/�#� 7 4 1 1 � �&/ % 4 �?/�4 6  6 2 �?� 4 /#� 
��  �E/�7 �?� 6  �EÏ�9 .�
  � Í 1 %  
 
  .�
0� , 2 1 .��/�#:Q7 ��4 Ê 
 
6 2 ��� 4 ��.� Ò " 1#� % AÑ75/ 2 � 6 	?7 ��/ %  
 
  .�
�/� È M 8 1  6 @ 2 4 úM/ % .��Ñ
 7 	�	 2 
 ��/�Q	�@?7 � Q: 2 A  �Ñ�� 6 2 �?/�.�4 �
/ 2 � 6QÊ7�7 . 6 .���� 
 
  .�
 < Ò
�&%  
 
  .�
 6 
 2 ûù �#1 � 9 Ê 
  :; ���&7 ,  6 1 % 4 �?/�4 6  Ò �  1 7� � ��/&û. Ê7�1 70/�4 :;4 ��.�� 4 2 �-/�.;Ë 7 6 �  .�
�/� 6 2 ��,  
 � 4 2 �Q7 ,  6
1 % 4 �?/�4 6  ÍEB .�4H7 .�9 :; ��� �1 %  
 
  .�
�� A�� ��� :Q7 � 4 B .��
  1 7 � 4 , 0� .�
�1 7�	�@?7 �  Ò��� Þ�� Þ,+q®¡%¢ 8¬ ¤ §%¤ ¢�¡C×8åJ®¡%¦ « ¯N¡%°�¤ §��×9å8¦8®¡%¬ « ¯N« °8§�« ¦ ¡%¢<¡C¤G¥8« ¢ ©C8¢ ¢ « ª�°
�  ���  � � �# ú�	�� 
 4 :; ��� 7 .�ú @%0�4� ' " *�" $%& " 0 � � /��:; � .�
 0/ % 4 �?/�4 6 0 ��/� 6 2 7 1  � 6  � 6  2 ���Q� ���� ù� 6 � .�� �

7 ,  6 B .?7 � 
 0� 2 1 .�� 4 2 �?��/�4 ù�� 
  ���  � =�1 %  7 .EÍ�.����� 2 1 .�� 4 2 �5/ % � � @?7 � 2 1 Í�.����� 2 1 .�� 4 2 �5/�09 1 A 6 � 
 4 ��0 ��.���
� 2 1 .�� 4 2 �Ñ/�09 1 . 6 2 �  Ò �&% � , 2 1 .�� 4 2 �5/�01 % 4 �?/�4 6 Q/� ��� 
 2 4 ��/� 
 ��4 Ê 
  ��� 2 1 .�� 4 2 �?��7 ,  6 1  .�
 6 2 � 6  ��� 
 7 � 4 2 �



� z ö t�¨6¾©�Å ½3Ç)Á�Ã CGÀ�¾´uIHÁG�ÄØHÁ
½3Ç�Å Á�Æ¾_Â
Á�sh�qÄÖG�Â
Á�ÃJÁ
½TÀ�¾qÄ+Á�Ãls3Ç)Á]Âd Å K6Â6Å t�Á

0 10 20 30 40 50 60 70 80 90 100
Fraction en masse/eau [%]

1.33
1.34
1.35
1.36
1.37
1.38
1.39
1.40
1.41
1.42
1.43
1.44
1.45
1.46
1.47

In
di

ce
 [-

]

Ethanol
Glycerine
Glucose

¯�° ±�² z�Ò z�Ù l�: / ' �A! " / $�( �<' 2 " $%( " I ��( ��� / ' �A! " / $C��(�2 4� ! -A& $%/ ' B�( �#O ' D I�4� 0 " $%� B8( ��O ' �AI / � ��� $<P / $%I ! " / $�( �' � �A0
I / $%I � $%! 0 & ! " / $G*�& � � " 1 �A��� $+� & �CM

:Q7 � � 4 B .�0 �! 7 .- � ��/ 2 ����� ¢� � É ö � 	?7 
�1 7;Ï�9 .�
 0z�Ò z�Ò| �&% � , 2 1 .�� 4 2 �Q/��1 % 4 �?/�4 6 �/��1 7�9 1 A 6 � 
 4 ��� ��/�.;9 1 . 6 2 � �7 ,  6 1  .�
�/�4 1 .�� 4 2 � Ê7�1 %  7 .; � �#: 2 � 2 � 2 �� Í
7 1 2 
 �&B .��	 2 .�
#1 % � � @?7 � 2 1�1 7 3 4 .���4 , 2�6 4 ���� � �&	? 
 /�.��	 2 .�
�/� � 6 2 � 6  ��� 
 7 � 4 2 �?�H �*� � @?7 � 2 1�� .�	�� 
 4  .�
  �
Ê7 Ú íwv Ò �&% 4 �?/�4 6 Q/� ��/� .�ú-	�
  :;4 Ê 
  ��� 2 1 .�� 4 2 �?�� � ��� 
 Ê ��� .�	�� 
 4  .�
 Ê7 6  1 .�4#/��1 % � � @?7 � 2 1E ��/��1 %  7 .EÒ
�  � 6 2 .�	�1  �� 7 .�� 9 1 A 6 � 
 4 ��; �� 7 .�� 9 1 . 6 2 � Q�  : 3 1  ����/ 2 � 6 1  ��:;4  .�ú54 �?/�4 B .�� ��	 2 .�
�/�4 � 6  
 �� 
�/� �
9 2 .�� �  �#	?7 
�1  .�
�4 �?/�4 6 ;1 2 
 ��/��1 % 4 ���  
 7 6 � 4 2 �5/��/� .�ú-� 	�
 7 A�� Ò
�  	? �?/�7 ��� Í�1  .�
 ��,�4 � 6 2 � 4 ��� �#1  ��
  �?/� ����/�4 Ò 6 4 1  � Ê70	�.�1 ,#� 
 4 �  
 Q & �J*�/ " $C�
& : � I#$%/ ! 0 �#*�& !%4� 0 " � ' R Ò � 
	�1 .?� Í�1  ��B .� 1 B .� ��
�� � .�1 � 7 � � 2 3 �  ��.?��7 ,  6�6  ��� 2 1 .�� 4 2 �?�Q� � 7 4  ����/�4 Ò 6 4 1  :; ����4 ���  
 	�
�� � 7 3 1  � Ò " 1E: % 7
�  : 3 1 ��B .��1  ��9 2 .�� �  ��	�
 2 /�.�4 �  ��7 ,  606  ��� 2 1 .�� 4 2 �?��� % � � 7 4  ����	?7 ��@ 2 : 2 9 Ê �� ��1 2 
 ��/�01 % 4 � Î  6 � 4 2 �EÒ
�  �;	�
 2 3 1 Ê :; �;� % 7 A�7 ���;	�.ìû � 
 !
�� � 2 1 .?��1 2 
 �!/� 6  �Q�  � � � ( �<P & " � &A; " ' " !%4� Í#1  �Q
�� � .�1 � 7 � ��	�
�� �  ����� �
4 6 40� 2 ���!.���4 B .� :; ���-1 4 � �!7 . 6 2 .�	�1 Ñ 7 .��E� � @?7 � 2 1 Ò�> 2 .�
-7 � � .�
  
Q.��� 3 4 .���4 , 2�6 4 ���M/�Ñ1 7M
  1 7 � 4 2 �
4 �?/�4 6  � 6 2 � 6  ��� 
 7 � 4 2 �M �Ñ 7 .M/�;1 7-� 2 1 .�� 4 2 �M/ % � � @?7 � 2 1 Í�.���Q� 2 1 .�� 4 2 �M/� 6 2 � 6  ��� 
 7 � 4 2 �54 ��4 � 4 7 1 ! �
� � @?7 � 2 1E/� ö Èwv 7M� ����.�� 4 1 4 ���  Ò �&% 4 �?/�4 6 ;:; � .�
��� � ��/� 6 0Ë 7 4 ��/�4 
  6 �  :; ����	�
 2 	 2 
 � 4 2 ���� 1&7 .-� 7 .�ú
/�0:*� 1 7 ��9 �/� ��9 2 .�� �  � Ò
� , 7 ���&/��	�
�� �  ���  
H1  �&
�� � .�1 � 7 � ��1 4 � �#7 .�ú0� 	�
 7 A�� Í 1 7�Ï�9 .�
 �z�Ò � í 	�
�� �  ��� #1 7�/�4 � � 
 4 3 .�� 4 2 �!/ % 4 �?/�4 6 

� A�	�4 B .� 2 3 �  ��.�0	 2 .�
�/� ��9 2 .�� �  ��: 2 � 2 /�4 � 	? 
 ���  ��/ % � � @?7 � 2 1 Ò � 7;� 7 4 1 1 �� 2 :;4 �?7 1 Q/� ��9 2 .�� �  �� � �
/�01 % 2 
 /�
 0/� È í í [F05Ò
� 7Ñ/�4 � � 
 4 3 .�� 4 2 �) � � 6  ��� 
�� !� .�
Q1 75, 7 1  .�
 2 3 �  ��.�!	?7 
Q
�� Ë 
 7 6 � 2 :*� � 
 4 ; � 6 .�,  =�0 § � � É ö Ó Ò  7
1 7 
 9  .�
 Ê70:;4 Ù @?7 .��  .�
� � ��	�
 2�6 @��/��� í � í�� � 2 4 �#.����4 � 6  
 � 4 � .?/��/� µ � � v � .�
�1 % 4 �?/�4 6  Ò � 701 7 
 9  .�

� 2 � 7 1 Q/�;1 75/�4 � � 
 4 3 .�� 4 2 �M � ��/�(� í � í�� {�Ò � Q� A�	?Q/�;
�� � 2 1 .�� 4 2 �Ñ	? 
 :; �;/�Q/�4 � 6  
 �� 
�� 2 � 7 1  :; ���
/� ��9 2 .�� �  ��/ %  7 .58 � � É É <H ��/ % � � @?7 � 2 1H8 � � É ö Ó <;� Ò

| �  �QÏ�9 .�
  �!z�Ò � � ��< ò!8 � < ò!8 : <�	�
�� �  ���  ���;1  �!
�� � .�1 � 7 � �Q/� �Q:; � .�
  � 6 2 
 
�� 1 �  ��� 7 4 1 1  Ù 4 �?/�4 6 
� � ½ Ì Ì ½�½ Á Á ½ Å ÁlÍ º Á Á ½ ¿ Ë º Â »�» ÷ ¬ Ë Á ¼½ ¿�¾ ½�Ì ¬ ® ¾ ½ ¬ Å D Ð � ¼¬ Å Â ½�½ Á Á ½ Å Ál¿ Õ ¿ Ì Ê½ Æ ¬ Ì Ç � Å ½�¿ Å Ál¾ ¬ Ë ø ¬ ¿ ½ » ½ ¿ » ½ Å ��¿ Õ ¿ Ì ¼½ Æ�½ ¿ » ½¾ ÷ º Á » Á ½ » ½ � ¼¬ � � Ð



Ã C �&CT½3Á�Ã�½,Ãls3Ç_À�d Å K<½3Á8Ç)¾�t6½�Å G�KqÁ�K<½3Ç)Á9Â
Á�sh�FÃ&©8Ç)¾E8Ã � z Ú

1.30 1.32 1.34 1.36 1.38 1.40 1.42 1.44
Indice mesure [-]

0

10

20

30

40

50

N
om

br
e 

de
 g

ou
tte

s 
[-]

Indice nominal: 1.364
Taille des gouttes: #200µm
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Spray: Eau
Spray: Ethanol
Spray: Eau +

spray d’ethanol
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Taux d’encre en masse: 16%
Diametre nominal: 87 µm

« ¬ FÒ º ¾ Å Ì Ç º Â�» ÷ ½ Â Í Á ½
40 55 70 85 100 115

Diametre mesure [µm]

0.00

0.05

0.10

0.15

0.20

N
om

br
e 

pa
r c

la
ss

e 
[%

]

refraction
reflexion

Taux de TiO2 en masse: 0.1%
Diametre nominal: 87 µm
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