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BURGERS   Ut+U*Ux=0.     T=0.80  DX=.04    DT=.02            
 U0(X)=H(Xshock_0).    Xshock_0=0.22,   Ushock=0.5

Godunov 
GRP     
T=0     

T=0.80  
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BURGERS   Ut+U*Ux=0.     T=0.40  DX=.04    DT=.02            
 U(X,0)=1 for X<0.22, U(X,0)=0 for X>0.62,  Linear for 0.22 < X < 0.62
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GRP     
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SCL/2D     Problem = guckenh3     Scheme = GRP          Amode = 1               
CELLS:   X x Y =    1280  X 1280                                                
SECTOR DATA:     U01 =  0.       U02 =  1.       U03 = -1.       U04 = 1.0E+77  
Xmin,Xmax=  -0.10000E+00   0.70000E+00    Ymin,Ymax=  -0.10000E+00   0.70000E+00
NCYC =   3201     T =   1.00         DT =   0.00           CFL = 0.500          
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SCL/2D     Problem = guckenh3     Scheme = Godunov      Amode = 1               
CELLS:   X x Y =     320  X  320                                                
SECTOR DATA:     U01 =  0.       U02 =  1.       U03 = -1.       U04 = 1.0E+77  
Xmin,Xmax=  -0.10000E+01   0.10000E+01    Ymin,Ymax=  -0.10000E+01   0.10000E+01
NCYC =    321     T =   1.00         DT =  0.156E-02       CFL = 0.500          
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SCL/2D     Problem = guckenh3     Scheme = GRP          Amode = 1               
CELLS:   X x Y =     320  X  320                                                
SECTOR DATA:     U01 =  0.       U02 =  1.       U03 = -1.       U04 = 1.0E+77  
Xmin,Xmax=  -0.10000E+01   0.10000E+01    Ymin,Ymax=  -0.10000E+01   0.10000E+01
NCYC =    321     T =   1.00         DT =  0.156E-02       CFL = 0.500          
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SECOND (REGULAR) FLECTION FROM WEDGE/CORNER.  Ms=1.488  Angle=55
BASIC VERSION OF GRP/MBT CODE                                   
CELLS:     X  x  Y  =     525  x  705                                           
CFL =   0.700          GODUNOV =  .FALSE.                                       
T =    206.         DT =   0.781E-01     NCYC =    2787                         
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Shock interaction with sphere.  D=80mm,  Ms=1.22,   Drag force. 
CELLS:     X  x  Y  =    1200  x  600     DO_DUST = F    DO_TAU = F             
Xmin,Xmax= -150.      150.        Ymin,Ymax= 0.000E+00  150.                    
CFL =   0.700          GODUNOV =  .FALSE.                                       
T =    60.0         DT =   0.113         NCYC =     508                         

MIN =  0.1000000000E-03      PRESSURE        MAX =  0.2020859122E-03            

MIN =  0.0000000000E+00      VELOCITY        MAX =  0.2087825613                
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GRP/MBT Spinoff.   Drag on sphere in free air by incident shock wave. 
 2*R_cyl=80 [mm],  Ms=1.22.  

 Suspension wire is steel  d=1.2 [mm].  CD_diff  is due to wire stress. 
 Grid :  Cells  0.25x0.25 [mm],  Rectangle  XxY = 300x150 [mm].

GRP drag coefficient
Measurement
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Blast interaction with cone. D=80, L=110, Accel. measur.        
Shock  Ms=1.23.   Smooth  or  Rough  Cone  surface              
CELLS:     X  x  Y  =     800  x  300     DO_DUST = F    DO_TAU = F             
Xmin,Xmax= -250.      150.        Ymin,Ymax= 0.000E+00  150.                    
CFL =   0.700          GODUNOV =  .FALSE.                                       
T =    240.         DT =   0.235         NCYC =    1031                         

MIN =  0.1000000000E-03      PRESSURE        MAX =  0.1845414965E-03            

MIN =  0.0000000000E+00      VELOCITY        MAX =  0.1801050917                
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GRP/MBT.   Drag on D=80, L=110 cone in free air by Shock wave.
 Ms = 1.23.   Suspension wire is steel  d=1.2 [mm].

 Cone  mass:  smooth / rough = 471 / 450 [gr].           
 Grid :  Cells  0.5x0.5 [mm],  Rectangle  XxY = 400x150 [mm].

GRP force
measured force
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GRP/MBT.   Drag on D=80, L=110 cone in free air by Shock wave.
 Ms = 1.23.   Suspension wire is steel  d=1.2 [mm].

 Cone  mass:  smooth / rough = 471 / 450 [gr].           
 Grid :  Cells  0.5x0.5 [mm],  Rectangle  XxY = 400x150 [mm].

GRP force
measured force

¹D£}¿ Í�ÔM�Y�>¡v��¡v¢@¢>��¢>¨�³:¡P�>·�¨D¢�¡P¬	�#i I�JLK� �>¦�¨D�:�}¬j�v�x¢>��¢>¨î�P�¤¥§�
Ñð�x·>�:¡P�§ô>ô>º ½1¡z��· ¨D¢�¡P¬	�È¢���� öMä4�o¬�¢��:�#³��:�o�P¢k� & W ô � »�å ¦_©Y¢@¬ ± �¤����x¡Fº

ô "



l�Ø%2�ß)5 57��Üm� �5Ú1Þ�àÐÝ°Ú1àl&_ßu�@á�Ý�Úu�
À�©:��ÂoÃ%Äª¦P¬z©:�	¥§��¨D¢>¡î©@«M�h�	¡P£h¢>�x�x¬$¬	¢>�Y¦v�	¡P�q�q�P�¤¢��È���S®%¦Ó©Y��¦B£h�	�	���¤�M�v¡P¢�³��Y¬	�T³��¤�Ç�v©:��¦v�x¥ �Y�¤�T¡î¬�¢��M�v��´@�
¢>¨-¦P¬	�>�x�>¡#�TÔM�Y���v�x¢>�Y¦Tº��a� ©Y�>¦Ç£}�T�	�µ³��T¥§¢>�Y¦_�v¡z�q�P�T³Á�v©Y���Ç�v©Y�x¦�¥ �	�v©:¢�³ �Y¡v¢�³��Y¬	�T¦#©Y�¤·�©�¼]¡P�T¦v¢>�x���P�¤¢��
¡P�T¦v�:�¤�P¦-¨D¢�¡�ô	¼a½0���Y³Á»S¼W½0¦v©:¢�¬ ± �x�M�v�T¡P��¬j�v�x¢>�}¦%�x��v©:� ¦v¬T������¡�¬	�>¦v�>ºÈÀ�©:�x¦È��¦%�z� ± �T�ª�>¦��k�q���x�x³Y�q�v�x¢>�
¢>¨ð�P©:�Ç¢��}�T¡P���v¢>¡%¦v�:�x���v�v�x�:·R£@«|®-©:��¬z©ª��»S¼W½¾¹D¢�¡%�	���	�ªå�¼a½o¿�ÖY�:�¤�v�	¼a³:��êÐ�	¡P�	�Y¬	�����Y�:¡v¢S´��x¥k�q�v�x¢>�|¥k�S«
£h�Ç¬�¢��Y¦��P¡v�}¬j�v�F³R�}¦_�x�:·§¢>�:�x«R�|ô�¼W½�ËzÂoÃ%Äñ¦_¢��¤���	¡zÌ:º�È�:¡k¥k���x� ÅY�:��³ñ³�«@�Y��¥§��¬	���-�q�>�¤��³:�q�P�¤¢��è¦��P�Y³�«µ®��>¦§� ¦v©:¢�¬ ± �x���P�	¡z�>¬��v�x¢>� �:¡v¢�£:�x�	¥�®-©:�T¡v��
¦v�T¬	¢>�Y³f¡v�	ÅY�T¬��v�x¢>�¨D¡P¢>¥ �|³�¢��:£:�x��®��T³�·����Y¡v¢�³��Y¬	�T³Á�Á¹\�:�T�>¡v�x«:¿È¦v�	�¤¨ë¼W¦_�x¥§�¤����¡��Y�q�v�v�T¡v�Á¢�¨�ËP¬�¢�¡v�:�T¡_¼
¡P��ÅY�F¬j�P�T³:Ìk®��S�>�F¦	º É ·>¢@¢�³��·�¡v�T�	¥§�	�M�1®��>¦1¢>£��z���x�:�T³�£h����®��	�T�ª��´��h�	¡P�¤¥§�	�M�z���îÅY¢q®â�M��¦v�Y���x�¤ÎF�q�P�¤¢��
�>�Y³¸ÂoÃ%Ä(¬�¢�¥§�:���P���v�x¢>�Y¦TÒ°¦v�:�:�h¢>¡v�v�x�:·Á�v©:�¦P¬z©:�	¥§�|�q���x�x³:���v�x¢>�¸�¤�µ�v©:��¦k¬	��¦_�|¢�¨È¬	¢>¥§�:�x��´¸¦v©:¢�¬ ±
�x�M�v�	¡z�>¬��v�x¢>�Bº
í1¦v�x�:·#�È¡P�T¬	�	�M�v�x«�³��T�>�T�¤¢��}�F³Ç�P�T¬z©:�:��ÔM�:��¢�¨Ó�>¬T¬��	�x�	¡P¢>¥§�	�v¡P�x¬°³�¡P�>·È¥§�F�>¦v�:¡v�T¥§�	�M�TÒ�®��-¬�¢��Y¦_��³��T¡v�F³

�P©:�#¬	�>¦v�T¦�¢>¨ð�§¦v�:©:�	¡P�o¢>¡%�§¬�¢��:�#¦_�}¦_�h�	�Y³:�T³|�¤���§�>�T¡_�P�x¬T���Ó¦v©:¢�¬ ± �v�:£h�>º$À�©Y�x¦-�x�:�:¢q�q���v�x�>��¥ �	�v©:¢�³
�T�Y��£:�x�T¦8�v©Y�°¥§�T��¦_�Y¡v�T¥ �T�M�î¢�¨Y³:«M�}��¥§�x¬�³�¡z��·-¨D¢�¡P¬	�T¦ð³��:�°�v¢o¦_©Y¢@¬ ± �x¢���³��¤�Y·Yº8À�©:�-ÂoÃ%Ä²¦_�x¥��Y�x���v�x¢>�Y¦
©:�T�¤�h�T³ª�¤�ª�h¢>�x�M�v�x�:·R¢����1�P©Y�q�§¹D�F¦_�h�T¬	�x�>�¤�x«��x�ª�P©:��¬T�>¦v�Ç¢�¨5�P©:��¬	¢>�:��Ò}®-©Y�	¡P��¦_�x¥§�¤����¡P�¤��«|�>¡v·��:¥§�	�M�P¦
¦v�:�:�h¢>¡v�v�F³ª�P©:�k�q���x�x³��¤��«f¢>¨��P©:��¬�¢�¥ �Y���v�F³²³:¡P�>·|©Y�x¦_�v¢�¡v«:¿jÒB�v©:����¬	¬��T�¤�T¡v¢�¥§���v¡P��¬�¥§���P©:¢�³²¡v�FÔ��Y�¤¡P�T¦
¨D�:¡v�v©Y�	¡-¡P��ÖY�:�T¥§�	�M�Tº

/0(?*�(BÜ'(îÚ1à�(6�
ã��T��¼ É ¡_�PÎ	��: Ò$Ñ}����¬�¢q�@�¤�vÎ�òè¹<»�ä�ä>åM¿on ù	øhù��vÿ	��üdpTùzûEq1ü\ù	ýkÿqøYø¥���v÷�Z��¤ù	ý�þüëø��z÷qý)�����Wÿ	�]ü\÷qøÐÿ	��ri��ü\û

ûtsqøhÿ�ý�üA��þ º�ì���¥�£:¡P�x³�·��#í%�:�x�>�T¡P¦v����«�Ä�¡v�F¦v¦TÒ'8B¢��Y³�¢��
Ñ}����¬�¢q�@�¤�vÎ°ò}Ò É �¤¨\���Y³Y��¡P«#Â Ò�ã��T��¼a½È¢>¡5Â ¹_ôTõ>õ�å�¿�ó%�:¥§�T¡v��¬	�>�M¦v�¤¥��:���q�v�x¢>��¢�¨:�P©:��©:�T��³@¼]¢��Ç¡P��ÅY�F¬j�v�x¢>�

¢�¨5��¡P�	·��:����¡�¡v�	ÅY�T¬��v�x¢>�BÒ
�W���P�	¡P�Y�q�P�¤¢��Y���Óò�¢>�:¡P�Y�>�Ð¨D¢>¡%ó%�Y¥ �T¡v��¬	�>�?:���P©:¢�³:¦-�x�Ñî�x�:��³:¦TÒBô���µ¤ôFä� � �jhôFä ���

Â�¢�³��Y�:¢q��Í�ï¾¹�ôFõ� >õ�¿ É ÖY�:�¤�v�Ç³:��êÐ�	¡P�	�Y¬	�o¥ �	�v©:¢�³�¨D¢>¡��P©:�#�@�:¥§�	¡P�x¬T���Ó¬�¢�¥§�:���P���v�x¢>�|¢�¨5³���¦v¬	¢>��¼
�v�x�M�Y¢>�Y¦-¦v¢>�x���v�x¢>�}¦�¢�¨ð�v©:�#�FÔ��}�q�v�x¢>�}¦�¢�¨8Å}�:�x³�³�«@�Y�>¥§�x¬T¦	Òa:ª�q�Fº�Í@£h¢>¡P�:� ±-uwv µ » �@ô�j@å>ä "

Â��}¬ ± �	�Y©:�	�x¥§�	¡�ò|¹_ôTõ·�� >¿ Í@©:¢�¬ ± ¦����Y³R¡P�>¡v�	¨\�>¬��v�x¢>�Y¦��¤�R��®°¢§¦_�}�>¬���³��x¥ �T�Y¦v�¤¢��Y¦	Ò É ¡z¬z©BºðÃ1�q�v�x¢>�}���:�T¬z©Bº É �Y���]ºxÒf �õ4µ »��:ô~j:»�õYô
��¢>�Ró1�	�:¥k�>�:�|ò|¹�ôFõ�öMå�¿0�È£:�¤��ÔM�:��¡v�	ÅY�T¬��v�x¢>��¢>¨î¦_©Y¢@¬ ± ®��S�>�F¦	º¯ç5´��:�x¢�¦v�x�>�ÈÃ%�T¦v�T��¡z¬z©�Ã-�T�}¢�¡_�-ó%¢

ôF»�Ò�ó1�S�@«�½È�	�Y�>¡_�P¥§�	�M�TÒMã°�Y¡v�F���§¢�¨6�È¡P³:�Y���Y¬	�>Ò�æ¯�>¦v©:�x�:·��P¢>�k½#ìÈºY¹\Ã-�T�:¡P�¤�M�v�F³§�¤�6µ5ì°¢��¤�x�T¬��v�T³
æÁ¢�¡ ± ¦�¢�¨�òYºY�>¢>��ó%�T�:¥k���:�8ÒYÄ��	¡P·��>¥ ¢��RÄ$¡P�T¦P¦TÒhôFõ " å:Ò " µ »�å���j�»>õ>õM¿:ª�¤�:¢>�P�À�¹�ôFõ>õ�å�¿È�W�M�v�	¡z�>¬��v�x¢>�²¢�¨-�¦_©Y¢@¬ ± ®��S���§®-���P©¶��©:�¤·�©�¼W¦_�h�	�F³Á��¢>¡v�v�	´f¡v�x�:·}ÒéÑî�x�:��³ ½1«@�
Ã-�T¦#ôS»�µ å>å  �j@å>ö�õ

Àð��¥k�>�8ï�¹<»�ä�ä�ö@¿ Í@©Y¢@¬ ± ³�«@�Y�>¥ ��¬	¦1¦��P�Y³�«|¢�¨$³��	���	�x¢>�:¥§�T���%¢>¨5£:�x��¦��%®��S�>�o�x¢���³��¤�Y·§¨\�>¬��x�x����«����Y³
�v�	¥§�h�	¡P�T³è·��x��¦v¦R�:¡P¢@³:�Y¬j�P�¤¢��BÒ ½È¢@¬��v¢�¡R�P©:�T¦v�x¦TÒ%�W�M�v�T¡P³:�x¦P¬��x�:�x�¤�Y�>¡v«èÍ@©:¢�¬ ± æ²�S���fÃ-�F¦_�F��¡z¬z©88��£h¢>¡z�q�P¢>¡P«>ÒM�W�Y¦_�v�¤�v���P�Ç¢�¨�Ñî�x�:��³ªÍ�¬��x�	�}¬��>Ò:Àî¢>©Y¢ ± �|í1�:�x�>�	¡z¦v����«�ÒYÍ@�	�Y³Y���]ÒYò��>�Y���8º

Àð���Y�:¢!�ÇÒ:�a�P¢>©�ï§ÒYÍ����¤�v¢kÀoÒ É £}� É ÒYÀî� ± �S«���¥k��ï¾¹<»>ä>ä�å�¿��W���P�	¡z�>¬��v�x¢>�R¢>¨��§¦v©:¢�¬ ± ®��S���È®-�¤�v©�
¦_�:©Y�	¡P�o¦v�Y¦v�}�T�Y³��F³��x�� �>�	¡v�v��¬	�>�Ó¦_©:¢�¬ ± �P�:£h�>ÒªÍ@©:¢�¬ ± æ¯�S�>�oò�¢>�:¡P�Y����ôFå'µxôTõ:ô�j�»>ä>ä

ô��


