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1 Equations

1.1 Momentum Equations

integral and corner forceform�������� ��	� 
�� ���� ���� ��� 
������ � � �� 
���� � ��"! �#$� (7)

discreteform ���&% �� � 
 � � � �(' )� % � (17)

1.2 SpecificInter nal Energy Equations

corner forceform � � �+* ��	� 
,� � � � ��.- �� � (12)

coordinate form� � �+* ��	� 
�� � �0/�/ �13204 �16587 - ��+594 / �13:;4 �13<=7 - ��>:?4 / �1	@A4 �1+B=7 - ��C<?4 / �1+D04 �1+EF7 - ��&@=7
(13)
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discreteform % * � 
�� � � � � ' )� - ��3GIH 5KJL:� % ��M � �
(20)

1.3 Energy Equations

time-dependentformNPO / � 7 
 NPO /KQ 7R4 �S;T 5VUWUWU G % � S �$X � )�ZY ' X - �� S H 5KJL:�ZY ' X (15)

2 Algorithm

2.1 Don Marshall’ sMemo[ Use \�] -Cartesiangeometry.[ The meshwill have five radial lines in ^ M	_ radians,i.e., four cells in the
angulardirection. Useten equallyspacedradial shellswith an outermost
radiusof 1.0.[ For thepressure

�
, usegammalaw (idealgas)equationof state� 
 /a` �cb 7ed *6f`

is aconstant,e.g., g Mih or j M>h .[ initial * � 
,b[ initial d � 
,b[ initial �� � 
 �Q[ Usea predictorcorrectormethod.
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2.2 Mesh Values
value location

cornerforce � �� point
cornermassk �� point

coordinatepositions �l � point
density d � zone

internalenergy * � zone
mass

� �
zone

pressure
� �

zone
velocity �� � point

Initially, k �� 
 d �nm cornervolume.

2.3 Constants[ `
, e.g., j Mih or g Mih[ mass

� � 
po � k �� , wherek �� 
 d �Am cornervolume.[ timestep
% � 
 Q f Q b , dividedby two for predictorandcorrectorphases

2.4 Boundary Conditions

Usea velocity of �Q for all cell verticesat theorigin. Velocity vectorsalongaxes
shouldhavezeronormalcomponents.(I shoulduseaPooma¿enforce?condition.
JohnHall knowsmoreaboutthis.)

2.5 What An Iteration Impacts

The algorithm consistsof a seriesof iterations,one for eachtime period. We
numbereachtime period,e.g., q . Eachiterationtakesa setof valuesasinput and
performssomecomputations,changingsomevalues.

values predictor corrector output
coordinatepositions �l � q q 4 b M	_ y

density d � q q 4 b y
internalenergy * � q q 4 b y

mass
� �

constant constant n
constanttimestep

% � 0.005 0.005 n
velocity �� � q q 4 b y
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Both the predictorandcorrectoriterationshave the sameform, but they use
input valuesfrom different iterations. Theseare listed in the above table. The
“output” columnhasa “y” if aniterationchangesthecorrespondingvalue.

TheMarshallssayto useonly thepredictoriterations,not thecorrectoritera-
tions.

2.6 Preparation BeforeBeginning the Iterations

Beforestartingtheiterations,initial valuesfor theinputvaluesmustbecomputed.

1. Computethe coordinatepositions �l � . Use the meshdescriptionlisted in
Section2.1.

2. Useaninitial internalenergy * � of one.

3. Useaninitial pressuredensityd � of one.

4. Theinitial masses
� �

canbecomputedusingthedensity d � andtheinitial
volume. � � 
 d � � � (1)� � 
 b_ /�/ l(: � lr@s7 /Kt < � t 587R4 / l>5 � l(<=7 /ut : � t @s787 (56)

5. Thetimestep
% � is aconstant.

6. Useanarbitraryinitial velocity �� � , e.g.,zero.

2.7 An Iteration

Thestepsof aniterationinclude:

1. Computezonepressures
� �

. � � 
 /Z` �cb 7vd � * �
2. Computetheoutwardnormals.�1+: Xxw 5 
 �13: X 
 b_ /ut X H 5 � t X 7iyl � b_ / l X H 5 � l X 7+yt (60)

wherethecoordinatesubscriptsz 
�b	{ f(frf { j arecomputedmodulo4.
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3. Computethecornerforces.� 5� 
 � �C/ �132?4 �16587� :� 
 � �C/ �13:?4 �13<=7� <� 
 � �C/ �1	@04 �13B=7� @� 
 � �C/ �13D?4 �1+EF7 {
usingthenotationof Fig. 1.

4. ChangevelocityusingEq. (17).% �� � 
 % ��|� � � � �(' )� ( b&}C~ )
Thus,onehas �� G� and �� GIH 5�

.

5. Changethespecificinternalenergy usingEq. (20).% * � 
�� % �� � � � � � ' )� - �� GIH 5KJL:�
( _ Q ~ )��3GIH 5KJL:� 
 / ��3G� 4 ��3GIH 5� 7 M	_

6. Changecoordinates. �l ��� �l � 4 �� G(H 5KJL:� % �
7. Updatevolume.� � 
 b_ /�/ l(: � lr@s7 /Kt < � t 587R4 / l>5 � l(<=7 /ut : � t @s787 (56)

8. Updatedensity. d �C/ � 7 
 � � M	� �&/ � 7
2.8 Termination

For thekernel,wewill just run thealgorithmfor afixednumberof iterations,e.g.,
1 or 2 or 3.
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