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f = 2" sin #( ), !
!
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" = 0.725 #10$4 s$1 !&$0!
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" !+G!68#!'&6+6)0#H!:6!8&G!6/!Y#!$/6#0!68&6!+$!68#!-)%%#$6!
*#%G+/$!/L!"(,.Z4"_! 68#!C/GGY9!$);Y#%! +G!^#<6! -/$G6&$6! +$! 68#!#$6+%#! G+;)'&6+/$!

0/;&+$`!8#$-#_!/$#!8&G!6/!;&^#!G)%#!68&6!68#!#$6+%#!G+;)'&6+/$!0/;&+$!%#G+0#G!+$!&!

G+$D'#! LZ<'&$#H! B'G/_! $/6#! 68&6! 68#! -/0#! +G! 0#G+D$#0! +$! G)-8! &!V&9! 68&6! +L! 68#! )G#%!
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" ijk =

+1 for ijk =123,231,312,
#1 for ijk = 321,213,132,
0 for other,

$ 

% 
& 

' 
& 

!

&$0!

!
452"+/'*&A&

! 

" i3 =
1 for i = 3,
0 for other.
# 
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" !+G!68#!0#$G+69!/L!68#!<&%-#'!/L!68#!V&6#%_!0#6#%;+$#0!)G+$D!68#!#F)&6+/$!/L!

G6&6#!&$0!fd!+G!68#!&*#%&D#!/L!68#!0#$G+69!+$!&!Y/5!G)%%/)$0+$D!68#!-)%%#$6!-#''G!V+68!

&$!#$*#'/<#!/L!6V/!-#''GH!
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78#! L+%G6! '&V! /L! 68#%;/09$&;+-G! 0#G-%+Y#G! 68#! -/$G#%*&6+/$! /L! #$68&'<9_! L%/;!

V8+-8! V#! -&$! 0#%+*#! 68#! L/''/V+$D! #F)&6+/$! L/%! 68#! 6#;<#%&6)%#! L+#'0! /%! 68#!

-/$G#%*&6+/$!/L!8#&6!#F)&6+/$3!
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2 +Q# ,!

!

V8#%#!ij!+G!68#!$/$Z0+;#$G+/$&'!G/)%-#!6#%;H!78#!%#'&6+/$!Y#6V##$!68#!0+;#$G+/$&'!

&$0!$/$Z0+;#$G+/$&'!G/)%-#!6#%;!+G3!

!
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Q" =
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U*#* Q"
* .!

!

78#! #56%&! $/$Z0+;#$G+/$&'! 6#%;! +$! EF)&6+/$! J=! +G! -&''#0! 68#! A%&$06'! $);Y#%_!

V8+-8!+G!0#L+$#0!&G!68#!%&6+/!/L!;/;#$6);!*+G-/G+69!6/!68#%;&'!*+G-/G+693!

!
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#
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!

78#!A%&$06'!$);Y#%!L/%!JQk(!G#&V&6#%!+G!)G)&''9!&Y/)6!JQH!

!

<:E: ?*.8)+1-72*.%*@%F-G7%BF-G2.27,%456-72*.D%
78#! #F)&6+/$! L/%! -/$G#%*&6+/$! /L! G&'6! +G! 68#! G&;#! &G! 68#! #F)&6+/$! L/%!

-/$G#%*&6+/$!/L!8#&6H!78#!0+LL#%#$-#!+G!68#!G+$^>G/)%-#!6#%;_!V8+-8!+G!$/6!0+G-)GG#0!

8#%#H! aG+$D! 68#! G&;#! &<<%/&-8_! &G! +$! -/$G#%*&6+/$! /L! 8#&6_! 68#! $/$Z0+;#$G+/$&'!

#F)&6+/$!L/%!68#!-/$G#%*&6+/$!/L!G&'6!-&$!Y#!V%+66#$!&G3!
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!
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!

<:H: 456-72*.%*@%F7-7)%B4IFD%
78#!#F)&6+/$!/L!G6&6#!1E,N2! +$! 68#!/-#&$! +G!0+LL#%#$6! 68&$!68#!#F)&6+/$!/L!G6&6#!

L/%!68#!&6;/G<8#%#H!78#!E,N!L/%!68#!/-#&$!0#6#%;+$#G!68#!0#$G+69!&G!&! L)$-6+/$!/L!

<%#GG)%#_! 6#;<#%&6)%#_! &$0! G&'+$+69H! 78#! ;/G6! -/;;/$'9! )G#0! /$#! +G! 1a4EN(,!

JP@Q2! 1.+''#%/_! #6! &'H! JP@Q2! 1.+''#%/! &$0! A/+GG/$! JP@J2! 1.-S/)D&''! &$0! l&-^#66!

=QQ?2!1U/L/$/LL!&$0!.+''&%0!JP@?23!!
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"* # *,S*, p*( ) =
"* # *,S*,0( )

1$ p*

K # *,S*,P*( )

,

!
!

V8#%#!

! 

"*!+G!68#!6#;<#%&6)%#!+$!0#D%##!(#'G+)G_!Nd!+G!68#!G&'+$+69!+$!<G)_!&$0!<d!+G!68#!
<%#GG)%#! +$!Y&%GH!78#!#%%/%!/L!EF)&6+/$!JK! +G!

! 

3.5 "  10-3kgm#3
! L/%!&! 69<+-&'!/-#&$+-!

%&$D#!&G!L/''/V3!

!
452"+/'*&6?&

  

! 

"2! < # * < 40 !C,
0 < S* < 40 psu,
0 < p* <1000 bars.!

!

78#!G#-&$6!Y)'^!;/0)')G_!&$0!68#!0#$G+69!/L!G#&V&6#%!&6!/$#!G6&$0&%0!&6;/G<8#%#!

<%#GG)%#!+G!0#L+$#0!&G!L/''/V!1"+''!JP@=2!1A/$0!&$0!A+-^&%0!JP@P23!
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1JQ>?@2!

452"+/'*&6@&

! 

K " *,S*,P*( ) =

+19652.21
+148.4206 #" * $2.327105 #" *2

+1.360477 #10$2" *3 $5.155288 #10$5" *4

+3.239908p* +1.43713 #10$3" *p*

+1.16092 #10$4" *2p* $5.77905 #10$7" *3p*

+8.50935 #10$5 p*2 $6.12293 #10$6" *p*2

+5.2787 #10$8" *2p*2

+54.6746 # S* $0.603459 #" *S*

+1.09987 #10$2" *2S* $6.1670 #10$5" *3S*

+7.944 #10$2S*1.5 +1.6483 #10$2" *S*1.5

$5.3009 #10$4" *2S*1.5 +2.2838 #10$3 p*S*

$1.0981#10$5" *p*S* $1.6078 #10$6" *2p*S*

+1.91075 #10$4 p*S*1.5 $9.9348 #10$7 p*2S*

+2.0816 #10$8" *p*2S* +9.1697 #10$10" *2p*2S*,

!

!

!
452"+/'*&6A&

! 

"* # *,S*,0( ) =

+999.842594 +6.793952 $10%2# *

%9.095290 $10%3# *2 +1.001685 $10%4# *3

%1.120083 $10%6# *4 +6.536332 $10%9# *5

+8.24493 $10%1S* %4.0899 $10%3# *S*

+7.64380 $10%5# *2S* %8.2467 $10%7# *3S*

+5.38750 $10%9# *4S* %5.72466 $10%3S*1.5

+1.02270 $10%4# *S*1.5 %1.6546 $10%6# *2S*1.5

+4.83140 $10%4 S*2.

!
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T9!+$-')0+$D!68#!EF)&6+/$!/L!68#!N6&6#!+$!68#!-/0#_!6#;<#%&6)%#!&$0!G&'+$+69!&%#!

$/V! &-6+*#! G-&'&%GH! (8&$D#G! +$! 6#;<#%&6)%#! &$0! G&'+$+69! V+''! %#G)'6! +$! -8&$D#G! +$!

0#$G+69_!&$0!68#!-8&$D#G!+$!0#$G+69!&LL#-6!68#!;/;#$6);!#F)&6+/$!*+&!68#!Y)/9&$-9!

6#%;`!68#%#L/%#_!-8&$D#G!/L!6#;<#%&6)%#!&$0!G&'+$+69!V+''!&LL#-6!68#!L'/V!L+#'0H!!

!

<:J: !+)886+)%456-72*.%
78#%#!&%#!0+LL#%#$6!;#68/0G!6/!-&'-)'&6#!68#!<%#GG)%#!1U#%[+D#%!&$0!A#%+-!=QQJ2!

1R&$D6&$D#$_!.&%0&'!&$0!m+$68#%!=QQ=2!1M&%'/V!&$0!m#'-8!JPKI2H!T9!&<<'9+$D!68#!
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=
U*

NL*
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N 2 = "
g
#*
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$z*
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!

V8+'#!'&6#%!+$!68#!6#56_!68+G!;#68/0!/L!G/'*+$D!<%#GG)%#!#F)&6+/$!+G!-8&$D#0!6/!&!;/%#!

&--)%&6#!&$0!L&G6#%!/$#H!

!

E: ?6+12G2.)-+%?**+/2.-7)8%
78#! "(,.Z4"! +G! V%+66#$! +$! -)%*+'+$#&%! -//%0+$&6#G_! &'G/! ^$/V$! &G! Y/)$0&%9!

L+66#0! -//%0+$&6#GH! 78#! D/*#%$+$D! #F)&6+/$G_! V8+-8! &%#! /%+D+$&''9! V%+66#$! +$!

(&%6#G+&$!-//%0+$&6#_!&%#! 6%&$GL/%;#0! +$6/!D#$#%&'+[#0!-//%0+$&6#GH!78#%#L/%#_! 68#!

<89G+-&'! G<&-#_!

! 

x,y,z( ) _! +G!;&<<#0! +$6/! &! )$+L/%;'9! G<&-#0! -)Y#_!

! 

",#,$( ) _! U+D)%#! J_!
V8+-8! L&-+'+6&6#G! 68#! +;<'#;#$6&6+/$! /L! 68#! Y/)$0&%9! -/$0+6+/$GH!aG+$D! 68#! -8&+$Z

%)'#!/L!0#%+*&6+/$!V#!8&*#!1M/LL;&$$!&$0!(8+&$D!=QQQ23!
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0/123%&6-&!3"*,('38/*1&CDE,/F"$&GH"F%&+'&2*/('38$E&,H"F%I&)2#%&

!

!

V8#%#!V#!8&*#3!
452"+/'*&7<&

! 

"x = J y#z$ % y$ z#( ), #x = J y$ z" % y" z$( ), $x = J y" z# % y#z"( ),
"y = J x$ z# % x#z$( ), #y = J x" z$ % x$ z"( ), $y = J x#z" % x" z#( ),
"z = J x# y$ % x$ y#( ), #z = J x$ y" % x" y$( ), $z = J x" y# % x# y"( ),

!

!

V8+-8! &%#! -&''#0! ;#6%+-G! /L! 68#! 6%&$GL/%;&6+/$_! &$0! %! +G! 68#! l&-/Y+&$! /L! 68#!
6%&$GL/%;&6+/$!&$0!+G!0#L+$#0!&G3!
452"+/'*&7=&

H!

!

aG+$D!EF)&6+/$!=?_!0#L+$+$D!68#!6%&$GL/%;#0!D%&0+#$6!&$0!0+*#%D#$-#!/<#%&6/%!+G!

%&68#%!#&G9H!M/V#*#%_!68#!6%&$GL/%;#0!R&<'&-+&$!/<#%&6/%!-&$!Y#!V%+66#$!&G!17/%%#G!

o!(&G6+''/_!=QQ?23!
! 

J =
1

x" y#z$ % y$ z#( ) % x# y" z$ % y$ z"( ) + x$ y" z# % y#z"( )
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%$

+&x
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#L y( ) $y
%( )
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%( )
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+'y
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%'
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#L z( ) $z
%( )
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L( ) = a
" 2( )
"#2

+ b
" 2( )
"$2

+ c
" 2( )
"%2

+2 d
" 2( )
"#"$

+ e
" 2( )
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+ q
" 2( )
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' 
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+ 
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!

&$0!
&

452"+/'*&7@&

! 

a = "x
2 + "y

2 + "z
2,

b =#x
2 +#y

2 +#z
2,

c = $x
2 +$y

2 +$z
2,

d = "x#x + "y#y + "z#z,
e = $x#x +$y#y +$z#z,
q = "x$x + "y$y + "z$z .

!

!

:6! +G!V/%68! 6/!$/6+-#! 68&6! p)G6! 68#!-/#LL+-+#$6G!/L! 68#!#F)&6+/$G!&%#! 6%&$GL/%;#0!

&$0!$/6!68#!*&%+&Y'#GH!78)G_!68#!*&%+&Y'#G!0/!$/6!$##0!6/!Y#!6%&$GL/%;#0!Y&-^H!

!

H: K6>)+2;8%
U+$+6#! 0+LL#%#$-#!V&G! )G#0! 6/! G/'*#! 68#! &Y/*#! #F)&6+/$GH! 78#! U/%V&%0! #5<'+-+6!

6+;#!G6#<<+$D!V&G!)G#0! L/%! 68#! 6+;#!0+G-%#6+[&6+/$H!B'68/)D8! 68#! +;<'+-+6!;#68/0G!

D+*#!&!Y#66#%!G6&Y+'+69_!)$-/$0+6+/$&''9!G6&Y'#_!68#!#5<'+-+6!;#68/0!V&G!)G#0!8#%#!L/%!

G/'*+$D!68%##!-/;</$#$6G!/L!68#!*#'/-+69H!78#!%#&G/$!L/%!68+G!-8/+-#!+G!68&6!+;<'+-+6!
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<%/Y'#;G`! 68)G_! $/6! %#&''9! G)+6&Y'#! L/%! <%&-6+-&'! <%/Y'#;GH! 7/! G/'*#! 68#! A/+GG/$!

#F)&6+/$! L/%! <%#GG)%#! 68#! N)--#GG+*#! ,*#%! C#'&5&6+/$! 1N,C2! +6#%&6+*#! ;#68/0! +G!

)G#0H!

!

(#$6%&'! L+$+6#! 0+LL#%#$-#_! G#-/$0! /%0#%_!V&G! )G#0! L/%! G<&6+&'! 0+G-%#6+[&6+/$H! T)6!

68#!4&*+#%ZN6/^#G!#F)&6+/$!8&G!&!$/$Z'+$#&%!<&%6_!   
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! u " #! u H! :6! +G!V#''! ^$/V$! 68&6! 68#!
G+0#0!0+G-%#6+[&6+/$!V/%^!Y#66#%! L/%!68+G! 6#%;_! +H#H! L/%V&%0!/%!Y&-^V&%0!0#<#$0+$D!
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• U%"IJ3/IK0AB-!C#&0G!68#!D%+0!+$L/%;&6+/$!L%/;!H>"C:S>"%+0H0&6&
• )"$FX%+3/F,K0AB& [& )"$FY%3/P"+/F%K0AB-! 78#G#! 6V/! L+'#G! -&'-)'&6#! 68#!

%#F)+%#0! ;#6%+-G! L/%! -//%0+$&6#! 6%&$GL/%;&6+/$! 6/! D#$#%&'! -)%*+'+$#&%!

-//%0+$&6#!G9G6#;H&
• \3/+%!'0/$%K0AB-!78+G!L+'#!V%+6#G!/)6!&''!68#!L+#'0G_!G)-8!&G!*#'/-+69_!<%#GG)%#_!

&$0!0#$G+69H&
• G'$P%]4LH$/F/+^G6K0AB-!78+G!L+'#!G/'*#G!L/%!68#!a!-/;</$#$6!/L!68#!*#'/-+69H&
• G'$P%:4LH$/F/+^G6K0AB-!78+G!L+'#!G/'*#G!L/%!68#!X!-/;</$#$6!/L!68#!*#'/-+69H&
• G'$P%\4LH$/F/+^G6K0AB-!78+G!L+'#!G/'*#G!L/%!68#!m!-/;</$#$6!/L!68#!*#'/-+69H&
• G'$P%C^03"F+/'*"$K0AB-!78+G!L+'#!G/'*#G!L/%!68#!<%#GG)%#_!)G+$D!68#!L%&-6+/$&'!

G6#<!;#68/0H&
• )'33%F+]<C3%,,23%K0AB-!78+G! L+'#!)<0&6#G! 68#!a!-/;</$#$6!/L! 68#!*#'/-+69!

L/%!68#!)<0&6#0!<%#GG)%#H&
• )'33%F+:<C3%,,23%K0AB-!78+G! L+'#!)<0&6#G! 68#!X!-/;</$#$6!/L! 68#!*#'/-+69!

L/%!68#!)<0&6#0!<%#GG)%#H&
• )'33%F+\<C3%,,23%K0AB-!78+G!L+'#!)<0&6#G!68#!m!-/;</$#$6!/L!68#!*#'/-+69!

L/%!68#!)<0&6#0!<%#GG)%#H&
• G'$P%!4LH$/F/+K0AB-!78+G!L+'#!G/'*#G!L/%!7#;<#%&6)%#!L+#'0H&
• G'$P%G4LH$/F/+K0AB-!78+G!L+'#!G/'*#G!L/%!N&'+$+69!L+#'0H&
• 4_GK0AB-!78+G!L+'#!-&'-)'&6#G!68#!0#$G+69_!)G+$D!a4EN(,!#F)&6+/$!/L!G6&6#H&

&
78#!&Y/*#!L+'#G!&%#!68#!;&+$!L+'#G!/L!68#!"(,.Z4"!;/0#'!&$0!68#9!0/!$/6!$##0!6/!Y#!

-8&$D#0H! E&-8! L+'#! -/$6&+$G! &! U,C7CB4! PQ! G)Y%/)6+$#! /L! 68#! G&;#! $&;#! &G! 68#!

L+'#$&;#H!78#!.&+$HUPQ!-&''G!68#G#!G)Y%/)6+$#GH!:$!&00+6+/$!6/!68#!&Y/*#Z;#$6+/$#0!

L+'#G_!68#!)G#%!8&G!6/!<%/*+0#!68#!L/''/V+$D!L+'#G!&$0!G)Y%/)6+$#G3!

!

• 9*/+)'*IK0AB-!78+G!G)Y%/)6+$#!+$+6+&'+[#G!&''!68#!L+#'0GH!
• #F'*IY%*,K0AB-! B! G)Y%/)6+$#! 6/! G#6! /%! -&'-)'&6#! 68#! Y/)$0&%9! -/$0+6+/$G!

L/%!0#$G+69H!

• #F'*ICK0AB-! B! G)Y%/)6+$#! 6/! G#6! /%! -&'-)'&6#! 68#! Y/)$0&%9! -/$0+6+/$G! L/%!
<%#GG)%#H!

• #F'*I]K0AB-!B!G)Y%/)6+$#!6/!G#6!/%!-&'-)'&6#!68#!Y/)$0&%9!-/$0+6+/$G!L/%!a!
-/;</$#$6!/L!68#!*#'/-+69H!
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• #F'*I:K0AB-!B!G)Y%/)6+$#!6/!G#6!/%!-&'-)'&6#!68#!Y/)$0&%9!-/$0+6+/$G!L/%!X!
-/;</$#$6!/L!68#!*#'/-+69H!

• #F'*I\K0AB-!B!G)Y%/)6+$#!6/!G#6!/%!-&'-)'&6#!68#!Y/)$0&%9!-/$0+6+/$G!L/%!m!
-/;</$#$6!/L!68#!*#'/-+69H!

• #F'*IGK0AB-! B! G)Y%/)6+$#! 6/! G#6! /%! -&'-)'&6#! 68#! Y/)$0&%9! -/$0+6+/$G! L/%!
N&'+$+69H!

• #F'*I!K0AB-! B! G)Y%/)6+$#! 6/! G#6! /%! -&'-)'&6#! 68#! Y/)$0&%9! -/$0+6+/$G! L/%!
7#;<#%&6)%#H!

!

B!G&;<'#! L+'#! +G!<%/*+0#0! +$! 68#!G/)%-#!0+%#-6/%9!/L! 68#!"(,.Z4"!G/! 68&6! 68#!)G#%!

-&$!'#&%$!8/V!68#G#!L+'#G!&%#!$##0#0!6/!Y#!<%#<&%#0H!78#!)G#%!-&$!#0+6!68#!G&;<'#!

L+'#G!&$0!6)$#!68#!-/0#!L/%!68#!<&%6+-)'&%!Y/)$0&%9!-/$0+6+/$!&$0!68#!+$+6+&'!*&')#G!/L!

8+G>8#%!-8/+-#H!

!

S: ?*>C2G2.3'%
B!;&^#!L+'#!+G!<%/*+0#0!+$!68#!;&+$!0+%#-6/%9!/L!68#!"(,.Z4"H!a$0#%!R+$)5!/%!.&-!

,Ns! G9G6#;_! 68#!)G#%!$##0! 6/! 69<#! b;&^#c! 6/! -/;<+'#! 68#! #$6+%#! -/0#H! :6! 8&G!Y##$!

&GG);#0!68&6!68#!"U,C7CB4!-/;<+'#%!+G!&'%#&09!+$G6&''#0H!T9!0#L&)'6_!"(,.Z4"!+G!

-/;<+'#0!Y9!"U,C7CB4H!T)6!68#!)G#%!-&$!6%9!68#!-/;<+'#%!/L!8+G>8#%!-8/+-#H!"(,.Z

4"!8&G!Y##$!6#G6#0!V+68!+U/%6!-/;<+'#%H!

!

a$0#%!.+-%/G/L6!m+$0/VG!;&-8+$#_!68#!)G#%!+G!&0*+G#0!6/!%#L#%!6/!68#!;&$)&'!/L!68#!

-/;<+'#%!68&6!+G!+$G6&''#0!/$!68#!G9G6#;H!

!

T: !-+->)7)+8'%
78#%#!&%#!-#%6&+$!<&%&;#6#%G!%#F)+%#0!Y9!68#!;/0#'_!Y#L/%#!+6!-&$!G)--#GGL)''9!%)$H!

,L!-/)%G#_!-8&$D+$D!68#G#!<&%&;#6#%G!0/#G!$/6!%#F)+%#!%#-/;<+'+$D!68#!-/0#H!78#9!

&%#!V%+66#$!+$!tH>ABCB.><&%&;H0&6u!&$0!%#&0!Y9!C#&0A&%&;HUPQH!78#G#!<&%&;#6#%G!

&%#3!

!

• I+-!7+;#!G6#<H!
• X"L& 0/$%& `28#%3-! 78#! ;&5+;);! $);Y#%! /L! G$&<ZG8/6G! /L! &''! /L! 68#!

*&%+&Y'#G!68&6!68#!)G#%!+G!0#-+0+$D!6/!G6/%#!+$!&!L+'#!L/%!</G6!<%/-#GG+$DH!

• \3/+%&'2+&03%52%*FE-!78#!$);Y#%!/L!6+;#!G6#<G!Y#6V##$!#&-8!G$&<ZG8/6G`!
68)G_!68#!6/6&'!6+;#!/L!G+;)'&6+/$!+G3!

!
452"+/'*&<7&

! 

Write out Frequency "  Max File Number "  dt !
!
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!

1=@>?@2!

• _8%1"-!78+G!<&%&;#6#%!+G!%#F)+%#0!L/%!N,C!G/'*#%!L/%!68#!<%#GG)%#H!C#L#%!6/!
&$9! 0#G-%+<6+/$! /$! N,C! ;#68/0! 6/! '#&%$! 8/V! 6/! &0p)G6! 68+G! <&%&;#6#%H!

S#L&)'6!*&')#!+G!JH&
• 4H,/$'*-! 78#!;&5+;);! #%%/%! 0#G+%#0!V8#$! G/'*+$D! 68#! A/+GG/$uG! #F)&6+/$!

L/%!<%#GG)%#H!S#L&)'6!*&')#!+G!JQZWH!

• G_U&8"L/828&*28#%3&'(& /+%3"+/'*,-!78#!;&5+;);!$);Y#%!/L! +6#%&6+/$G!
&''/V#0! +$! N,C! G/'*#%H! 78#! N,C! G/'*#%! V+''! #5+6! +L! 68+G! $);Y#%! +G! %#&-8#0_!

#*#$!+L!68#!0#G+%#0!;&5+;);!#%%/%!+G!$/6!&-8+#*#0H&
• U%E*'$I,&`28#%3&
• C3!-!A%&$06'!$);Y#%!L/%!7#;<#%&6)%#H&
• C3G-!N-8;+06!$);Y#%!L/%!G&'+$+69H&
• U',,#E&`28#%3&
• 03'2I&`28#%3&
• :%$'F/+E&GF"$%-!78#!*#'/-+69!G-&'#!)G#0!+$!$/$Z0+;#$G+/$&'+[+$D!68#!*#'/-+69!

L+#'0H&
• .%*1+D&GF"$%-!78#!'#$D68!G-&'#!)G#0!+$!$/$Z0+;#$G+/$&'+[+$D!68#!D%+0H&
• !%8H%3"+23%& GF"$%-! 78#! 6#;<#%&6)%#! G-&'#! )G#0! +$! $/$Z0+;#$G+/$&'+[+$D!

68#!6#;<#%&6)%#!L+#'0H&
• G"$/*/+E& GF"$%-! 78#! G&'+$+69! G-&'#! )G#0! +$! $/$Z0+;#$G+/$&'+[+$D! 68#! G&'+$+69!

L+#'0H&
&
T9!0#L&)'6!&!<&%&;H0&6!L+'#_!V8+-8!;)G6!Y#!;/0+L+#0!Y9!68#!)G#%_! +G!<%/*+0#0!+$!68#!

;/0#'H! 78#! <&%&;#6#%G! ;)G6! Y#! D+*#$! +$! 68#! G&;#! /%0#%! &G! +$! 68#! <%/*+0#0! L+'#H!

4);Y#%G! ;)G6! G6&%6! L%/;! -8&%&-6#%! JW! /L! #&-8! '+$#! &$0! 68#9!;)G6! Y#! D+*#$! +$! &!

L'/&6+$DZ</+$6! L/%;&6_! G/! 68#! L+'#! +G! &! L+5#0! L/%;&6H! N/! #*#$! J! ;)G6! Y#! 69<#0! JHQ_!

/68#%V+G#!68#!<%/D%&;!V+''!L&+'!6/!%#&0!68#!<&%&;#6#%G!<%/<#%'9H!

9U: V-+2-WG)8%-./%&.;G6/)%O2G)8'%
78#%#!&%#!&!$);Y#%!/L!+$-')0#!L+'#G!+$!tH>G%->+$-')0#GuH!78#G#!+$-')0#!L+'#G!&%#3!

!

• J3/IK/*F- defines the grid variables.!
• X%+3/F,K/*F-!0#D+$#G!68#!;#6%+-G!/L!68#!6%&$GL/%;&6+/$H!
• X'I%$C"3"8K/*F-!0#L+$#G!68#!<&%&;#6#%G!0#G-%+Y#0!+$!&Y/*#!G#-6+/$H!
• C3'#G/N%-!0#L+$#G!68#!0+;#$G+/$!/L!68#!<%/Y'#;H!
• GF"$"3,K/*F-!0#L+$#G!&''!68#!G-&'&%!*&%+&Y'#G_!G)-8!&G!<%#GG)%#H!
• :%$'F/+EK/*F-!0#L+$#G!&''!-/;</$#$6G!/L!68#!*#'/-+69_!+H#H!)_!*_!VH!

!

4/$#!/L! 68#!&Y/*#! +$-')0#! L+'#G! &%#!$##0#0! 6/!Y#! -8&$D#0!#5-#<6! 68#!A%/YN+[#H+$-H!

78#%#!&%#!G+5!*&%+&Y'#G!68&6!-&$!Y#!-8&$D#0!+$!68+G!+$-')0#!L+'#_!&G!L/''/V3!

!

• 9X"L-&4);Y#%!/L!D%+0!</+$6G!+$!b:c!0+%#-6+/$H!
• aX"L-!4);Y#%!/L!D%+0!</+$6G!+$!blc!0+%#-6+/$H!
• WX"L-!$);Y#%!/L!D%+0!</+$6G!+$!b]c!0+%#-6+/$H!
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• 9I/-! 78#! +$*#%G#! /L! 68#! G<&-+$D! &'/$D! 68#! b:c! 0+%#-6+/$! +$! -)%*+'+$#&%!
-//%0+$&6#H!S#L&)'6!*&')#!+G!JH!

• 9Ib-! 78#! +$*#%G#! /L! 68#! G<&-+$D! &'/$D! 68#! blc! 0+%#-6+/$! +$! -)%*+'+$#&%!
-//%0+$&6#H!S#L&)'6!*&')#!+G!JH!

• 9IZ-! 78#! +$*#%G#! /L! 68#! G<&-+$D! &'/$D! 68#! b]c! 0+%#-6+/$! +$! -)%*+'+$#&%!
-//%0+$&6#H!S#L&)'6!*&')#!+G!JH!

!

:L! b:0+c_! :0pc_! &$0! b:0^c! &%#! G#6! 6/! J_! 68#$! 68#! D%+0! +G! 6%&$GL/%;#0! +$6/! &! )$+L/%;'9!

G<&-#0!-)Y#_!V8#%#!&''!68#!G<&-+$D!&%#!#F)&'!6/!JH!:6!+G!%#-/;;#$0#0!$/6!6/!-8&$D#!

68+G! $);Y#%H! T)6! G/;#6+;#G! -8&$D+$D! 68+G! $);Y#%! ;&9! '#&0! 6/! '/V#%! $);#%+-&'!

#%%/%G!0)#! 6/! L+$+6#!<%#-+G+/$!&*&+'&Y'#! +$! -/;<)6#%GH!78#! L)''! '+G6! /L! *&%+&Y'#G! &$0!

68#+%!G+[#G!+G!D+*#$!+$!7&Y'#!JH!U/%!68#!'/-&6+/$!/L!68#!*&%+&Y'#G!&$0!68#+%!+$0+-#G!%#L#%!

6/!U+D)%#!=?H!

!

!

!

!
0/123%&7;-&.'F"+/'*&'(&+D%&P"3/"#$%,&"*I&+D%/3&/*I/F%,K&

!
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99: "G3*+27(>%-./%OG*P%;(-+7'%
78#!0#6&+'!/L!8/V!#&-8!0+LL#%#$6!;/0)'#!+G!#5#-)6#0!+$!"(,.!+G!G8/V$!+$!U+D)%#!=OH!

:6!8&G!6/!Y#!$/6#0!68&6!68#!<%/-#0)%#!G8/V$!+$!U+D)%#!=O!+G!Y&G#0!/$!68#!L%&-6+/$&'!

G6#<!;#68/0H!

!

!
0/123%&7<-&0$'R&)D"3+&'(&J)_XM`J&#",%I&'*&03"F+/'*"$&G+%HK&

!



!

!

!
!"#$%&'(&)*$$&$+,-&./&0"1+"#$%,2&

Name Size Description 

IMax  1 Number of nodes in I direction 

JMax  1 Number of nodes in J direction 

KMax  1 Number of Nodes in K direction 

Idi  1 Inverse of the spacing of the cube in I direction 

Idj 1 Inverse of the spacing of the cube in J direction 

Idk 1 Inverse of the spacing of the cube in K direction 

Idi2 1 Idi ^ 2 

Idj2 1 Idj ^ 2 

Idk2 1 Idk ^ 2 

 dt 1 Time Step 

MaxFileNo 1 Maximum number of File 

 wrthz 1 Number of time steps between each file 

 omp 1 Omega for SOR solver 

 epsp 1 Maximum Error in SOR solver 

 itemp 1 Maximum number of iterations in SOR Solver 

 Re 1 Reynolds Number 

 PrT 1 Prandtl Number for temperature 

 PrS 1 Schmidt Number for Salinity 

 Ros 1 Rossby Number 

 Fr 1 Froud Number 

 UStar 1 Velocity Scale 

 LStar 1 Length Scale 

 TStar 1 Temperatur Scale 

 SStar 1 Salinity Scale 

rhoStar 1 Reference Density 

gforce 1 acceleration due to gravity 

IRe 1 Inverse of Reynolds number 

IPrT 1 Inverse of Prandtl number 

IPrS 1 Inverse of Schmidt number 
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IRos 1 Inverse of Rossby number 

IFr2 1 Inverse of Froud number to the second power 

x (1:IMax,1:Jmax,1:Kmax) x coordinate of the grid nodes 

y (1:IMax,1:Jmax,1:Kmax) y coordinate of the grid nodes 

z (1:IMax,1:Jmax,1:Kmax) z coordinate of the grid nodes 

P (-1:IMax+1,-1:JMax+1,-1:KMax+1) Pressure 

T, T0 (-1:IMax+1,-1:JMax+1,-1:KMax+1) Temperature 

S, S0 (-1:IMax+1,-1:JMax+1,-1:KMax+1) Salinity 

dens (-1:IMax+1,-1:JMax+1,-1:KMax+1) Density 

u, u0 (-1:IMax+2,-1:JMax+1,-1:KMax+1) u component of the velocity 

v, v0 (-1:IMax+1,-1:JMax+2,-1:KMax+1) v component of the velocity 

w, w0 (-1:IMax+1,-1:JMax+1,-1:KMax+2) w component of the velocity 

ixc  (1:IMax-1,1:JMax-1,1:KMax-1)  ix=di/dx at the center of the cell 

iyc  (1:IMax-1,1:JMax-1,1:KMax-1)  iy=di/dy at the center of the cell 

izc  (1:IMax-1,1:JMax-1,1:KMax-1)  iz=di/dz at the center of the cell 

jxc  (1:IMax-1,1:JMax-1,1:KMax-1)  jx=dj/dx at the center of the cell 

jyc  (1:IMax-1,1:JMax-1,1:KMax-1)  jy=dj/dy at the center of the cell 

jzc  (1:IMax-1,1:JMax-1,1:KMax-1)  jz=dj/dz at the center of the cell 

kxc  (1:IMax-1,1:JMax-1,1:KMax-1)  kx=dk/dx at the center of the cell 

kyc  (1:IMax-1,1:JMax-1,1:KMax-1)  ky=dk/dy at the center of the cell 

kzc  (1:IMax-1,1:JMax-1,1:KMax-1)  kz=dk/dz at the center of the cell 

Jacc  (1:IMax-1,1:JMax-1,1:KMax-1)  The Jacobian of transformation at the center of the cell 

ac (1:IMax-1,1:JMax-1,1:KMax-1)  a=ix^2 + iy^2 + iz^2 at the center of the cell 

bc (1:IMax-1,1:JMax-1,1:KMax-1)  b=jx^2 + jy^2 + jz^2 at the center of the cell 

cc (1:IMax-1,1:JMax-1,1:KMax-1)  c=kx^2 + ky^2 + kz^2 at the center of the cell 

dc (1:IMax-1,1:JMax-1,1:KMax-1)  d=jx*ix+jy*iy+jz*iz at the center of the cell 

ec (1:IMax-1,1:JMax-1,1:KMax-1)  e=kx*jx+ky*jy+kz*jz at the center of the cell 

qc (1:IMax-1,1:JMax-1,1:KMax-1)  q=kx*ix+ky*iy+kz*iz at the center of the cell 

Lxc (1:IMax-1,1:JMax-1,1:KMax-1)  Lx=a*xii+b*xjj+c*xkk+2.0D0*(d*xij+e*xjk+q*xik) at the center of the cell 

Lyc (1:IMax-1,1:JMax-1,1:KMax-1)  Ly=a*yii+b*yjj+c*ykk+2.0D0*(d*yij+e*yjk+q*yik) at the center of the cell 

Lzc (1:IMax-1,1:JMax-1,1:KMax-1)  Lz=a*zii+b*zjj+c*zkk+2.0D0*(d*zij+e*zjk+q*zik) at the center of the cell 

fnpc  (1:IMax-1,1:JMax-1,1:KMax-1)  fnp=-2*(a+b+c) at the center of the cell 

ixu  (1:IMax,1:JMax-1,1:KMax-1)  ix=di/dxat the same position as U-Component of the velocity 
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iyu  (1:IMax,1:JMax-1,1:KMax-1)  iy=di/dyat the same position as U-Component of the velocity 

izu  (1:IMax,1:JMax-1,1:KMax-1)  iz=di/dzat the same position as U-Component of the velocity 

jxu  (1:IMax,1:JMax-1,1:KMax-1)  jx=dj/dxat the same position as U-Component of the velocity 

jyu  (1:IMax,1:JMax-1,1:KMax-1)  jy=dj/dyat the same position as U-Component of the velocity 

jzu  (1:IMax,1:JMax-1,1:KMax-1)  jz=dj/dzat the same position as U-Component of the velocity 

kxu  (1:IMax,1:JMax-1,1:KMax-1)  kx=dk/dxat the same position as U-Component of the velocity 

kyu  (1:IMax,1:JMax-1,1:KMax-1)  ky=dk/dyat the same position as U-Component of the velocity 

kzu  (1:IMax,1:JMax-1,1:KMax-1)  kz=dk/dzat the same position as U-Component of the velocity 

Jauu  (1:IMax,1:JMax-1,1:KMax-1) 
 The Jacobian of transformationat the same position as U-Component of the 
velocity 

au (1:IMax,1:JMax-1,1:KMax-1)  a=ix^2 + iy^2 + iz^2at the same position as U-Component of the velocity 

bu (1:IMax,1:JMax-1,1:KMax-1)  b=jx^2 + jy^2 + jz^2at the same position as U-Component of the velocity 

cu (1:IMax,1:JMax-1,1:KMax-1)  c=kx^2 + ky^2 + kz^2at the same position as U-Component of the velocity 

du (1:IMax,1:JMax-1,1:KMax-1)  d=jx*ix+jy*iy+jz*izat the same position as U-Component of the velocity 

eu (1:IMax,1:JMax-1,1:KMax-1)  e=kx*jx+ky*jy+kz*jzat the same position as U-Component of the velocity 

qu (1:IMax,1:JMax-1,1:KMax-1)  q=kx*ix+ky*iy+kz*izat the same position as U-Component of the velocity 

Lxu (1:IMax,1:JMax-1,1:KMax-1) 
 Lx=a*xii+b*xjj+c*xkk+2.0D0*(d*xij+e*xjk+q*xik)at the same position as U-
Component of the velocity 

Lyu (1:IMax,1:JMax-1,1:KMax-1) 
 Ly=a*yii+b*yjj+c*ykk+2.0D0*(d*yij+e*yjk+q*yik)at the same position as U-
Component of the velocity 

Lzu (1:IMax,1:JMax-1,1:KMax-1) 
 Lz=a*zii+b*zjj+c*zkk+2.0D0*(d*zij+e*zjk+q*zik)at the same position as U-
Component of the velocity 

ixv  (1:Imax-1,1:JMax,1:KMax-1)  ix=di/dxat the same position as V-Component of the velocity 

iyv  (1:Imax-1,1:JMax,1:KMax-1)  iy=di/dyat the same position as V-Component of the velocity 

izv  (1:Imax-1,1:JMax,1:KMax-1)  iz=di/dzat the same position as V-Component of the velocity 

jxv  (1:Imax-1,1:JMax,1:KMax-1)  jx=dj/dxat the same position as V-Component of the velocity 

jyv  (1:Imax-1,1:JMax,1:KMax-1)  jy=dj/dyat the same position as V-Component of the velocity 

jzv  (1:Imax-1,1:JMax,1:KMax-1)  jz=dj/dzat the same position as V-Component of the velocity 

kxv  (1:Imax-1,1:JMax,1:KMax-1)  kx=dk/dxat the same position as V-Component of the velocity 

kyv  (1:Imax-1,1:JMax,1:KMax-1)  ky=dk/dyat the same position as V-Component of the velocity 

kzv  (1:Imax-1,1:JMax,1:KMax-1)  kz=dk/dzat the same position as V-Component of the velocity 

Javv  (1:Imax-1,1:JMax,1:KMax-1) 
 The Jacobian of transformationat the same position as V-Component of the 
velocity 

av (1:Imax-1,1:JMax,1:KMax-1)  a=ix^2 + iy^2 + iz^2at the same position as V-Component of the velocity 

bv (1:Imax-1,1:JMax,1:KMax-1)  b=jx^2 + jy^2 + jz^2at the same position as V-Component of the velocity 
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cv (1:Imax-1,1:JMax,1:KMax-1)  c=kx^2 + ky^2 + kz^2at the same position as V-Component of the velocity 

dv (1:Imax-1,1:JMax,1:KMax-1)  d=jx*ix+jy*iy+jz*izat the same position as V-Component of the velocity 

ev (1:Imax-1,1:JMax,1:KMax-1)  e=kx*jx+ky*jy+kz*jzat the same position as V-Component of the velocity 

qv (1:Imax-1,1:JMax,1:KMax-1)  q=kx*ix+ky*iy+kz*izat the same position as V-Component of the velocity 

Lxv (1:Imax-1,1:JMax,1:KMax-1) 
 Lx=a*xii+b*xjj+c*xkk+2.0D0*(d*xij+e*xjk+q*xik)at the same position as V-
Component of the velocity 

Lyv (1:Imax-1,1:JMax,1:KMax-1) 
 Ly=a*yii+b*yjj+c*ykk+2.0D0*(d*yij+e*yjk+q*yik)at the same position as V-
Component of the velocity 

Lzv (1:Imax-1,1:JMax,1:KMax-1) 
 Lz=a*zii+b*zjj+c*zkk+2.0D0*(d*zij+e*zjk+q*zik)at the same position as V-
Component of the velocity 

ixw  (1:Imax-1,1:Jmax-1,1:KMax)  ix=di/dxat the same position as W-Component of the velocity 

iyw  (1:Imax-1,1:Jmax-1,1:KMax)  iy=di/dyat the same position as W-Component of the velocity 

izw  (1:Imax-1,1:Jmax-1,1:KMax)  iz=di/dzat the same position as W-Component of the velocity 

jxw  (1:Imax-1,1:Jmax-1,1:KMax)  jx=dj/dxat the same position as W-Component of the velocity 

jyw  (1:Imax-1,1:Jmax-1,1:KMax)  jy=dj/dyat the same position as W-Component of the velocity 

jzw  (1:Imax-1,1:Jmax-1,1:KMax)  jz=dj/dzat the same position as W-Component of the velocity 

kxw  (1:Imax-1,1:Jmax-1,1:KMax)  kx=dk/dxat the same position as W-Component of the velocity 

kyw  (1:Imax-1,1:Jmax-1,1:KMax)  ky=dk/dyat the same position as W-Component of the velocity 

kzw  (1:Imax-1,1:Jmax-1,1:KMax)  kz=dk/dzat the same position as W-Component of the velocity 

Jaww  (1:Imax-1,1:Jmax-1,1:KMax) 
 The Jacobian of transformationat the same position as W-Component of the 
velocity 

aw (1:Imax-1,1:Jmax-1,1:KMax)  a=ix^2 + iy^2 + iz^2at the same position as W-Component of the velocity 

bw (1:Imax-1,1:Jmax-1,1:KMax)  b=jx^2 + jy^2 + jz^2at the same position as W-Component of the velocity 

cw (1:Imax-1,1:Jmax-1,1:KMax)  c=kx^2 + ky^2 + kz^2at the same position as W-Component of the velocity 

dw (1:Imax-1,1:Jmax-1,1:KMax)  d=jx*ix+jy*iy+jz*izat the same position as W-Component of the velocity 

ew (1:Imax-1,1:Jmax-1,1:KMax)  e=kx*jx+ky*jy+kz*jzat the same position as W-Component of the velocity 

qw (1:Imax-1,1:Jmax-1,1:KMax)  q=kx*ix+ky*iy+kz*izat the same position as W-Component of the velocity 

Lxw (1:Imax-1,1:Jmax-1,1:KMax) 
 Lx=a*xii+b*xjj+c*xkk+2.0D0*(d*xij+e*xjk+q*xik)at the same position as W-
Component of the velocity 

Lyw (1:Imax-1,1:Jmax-1,1:KMax) 
 Ly=a*yii+b*yjj+c*ykk+2.0D0*(d*yij+e*yjk+q*yik)at the same position as W-
Component of the velocity 

Lzw (1:Imax-1,1:Jmax-1,1:KMax) 
 Lz=a*zii+b*zjj+c*zkk+2.0D0*(d*zij+e*zjk+q*zik)at the same position as W-
Component of the velocity 
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