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Summary of integrals dependencies (superscript indicates neutron beam direction):

Radial geometry: (velocity — vorticity)
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1-2 flow plane geometry: (velocity — velocity gradient)
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Tangential geometry: (velocity gradient — vorticity)
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From Theory the hydrodynamic and thermodynamic shear stresses are: (from Ackerson and Wagner egns 52 and 62)
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And for the thermodynamic and hydrodynamic first and second normal stresses are:
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For SANS decomposition in 3 planes of shear:
Starting with the spherical harmonic expansion in terms of the spherical coordinate system shown here:
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To change from spherical harmonics to Cartesian coordinate frame as defined below we use the following definitions:
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In Cartesian coordinate system (x, vy, z)
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Change in notation from x, y and z to g’s where:
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Now define each set of spherical harmonics for each experiment (dependent upon geometry)

Radial (velocity-vorticity) where the neutrons propagate along the gradient direction such that

% = cos(g,,)
q

> =sin(4:)
q

15



. 15 (4; —4q,
[l=2,m:2]=3272(q) _Lq qzqyJ

1=2m =20 B2 ) [ (eos*(4,)-si (4.)

N
1=2m=2]= 5, (), cos20,)

[1=4,m=0]=B], (q)(%)

im0 255815

[[=4,m=1]=0
IS (5 VIR C A e
[l—4,m—2]—B4’2(q) 4\/5 qz ]{ 1+7[q2 J]

[1=4.m=2]=Bi,(q)
[1=4.m=2]=B,(q)

[1=4m=2]=B,(q)

-3J5

YNGY

35
NGy
35
42z

(cos2 (¢)—sin’ (&, ))

cos(24,,)

16



4\ q

[1=4,m=3]=B;, (61)(g > ){qxqz (q§4_3q’i)J

[[=4,m=3]=0

[[=4,m=4] =B, (9)

8\2r q'

225 Ycos* () cos' (9, )’ (45" (4,)

3./35

[l=4,m=4]=B,,(q) m %+%cos(2¢l3)+écos(4¢]3)—6%(1—cos(4¢)13))+§—%cos(20)+écos(4¢l3)j

3435
o ]COS(4¢13 )
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Therefore we define the W,’s for the neutrons in the gradient direction as:
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1-2 plane (velocity- velocity gradient)

For the 2D detector when the neutrons propagate along the vorticity direction:
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Structure factor for the 2D detector when the neutrons propagate along the vorticity direction:
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W,’s for the 2D detector when the neutrons propagate along the vorticity direction:
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Tangential (velocity gradient-vorticity)

For the 2D detector when the neutrons propagate along the flow direction:
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Structure factor for the 2D detector when the neutrons propagate along the flow direction:
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+B;, (q)(m j(9 —20cos (2¢,,)—35cos(4¢,,)) + B, (q)[3zﬂ J(s +2cos(2¢,,) —%cos(4¢23 )j
| i

+B7

4,4

m](3-4008(2¢23)+cos(4¢23 ))+...(1>4)



W, ‘s for the 2D detector when the neutrons propagate along the flow direction:

velocity e 1 i
w, focts (Q)S ! (Q) :%Jcos(nq’zs)s(q)dq)zz.
0

1+ Bg,o (Q)[ﬁ]"’ Bz+,o (Q)(%\/g(l + 3COS(2¢23 )) J"’ Bz+,2 (Q)(i % ](1 —Cos (2¢23 ))

Wy (q)S* (q) = i J. By (‘”(64?/; J(g —20c0s(2¢,; ) —35c0s (49, )) + By, (Q)[;;\/\gt ](5 +2cos (20, ) _%COS(4¢23)j005(0¢23)d¢23

+B;, (q)(%](:% —4c0s(20,, ) +cos (40, ) +...(I > 4)

. 1 . 1[5 . 1 [15
LTl‘l'Bo,o(Q)[ﬁ]—l'Bz,o(Q)[Z\/;J'FBM(‘])(Z EJ
2w 5, . 27 . ~15\5 . 935 . (s
+B“’°(q)(64\/EJ+B“’Zm(%/ﬁ} B‘*M)[m} (1> 4)

pyelocts (9)S“ (q)=1+B{, (q)(%J_,_B;O (q)[i\/g]+3;2 (q)(% %]4-3;0 (q)[%]_&tz (Q)[%]—BIA (Q)[%]+(Z >4)

VVOvelocity (q)qu (q) _ COS(O¢23 )d¢23
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locity e 1 T
W (9)87 (g) = - ] c03(20,)S (4) 4o

1+B§,0(Q) L +B;,0(Q) l 2(1+3COS(2¢23)) +B;,2(Q) l 1_5 (1_005(2¢23))
Jn 4\n 4\ 2m

W, (¢) S () = ﬁ .0[ +B;,(q) 64?/; ](9 —20cos(2¢,, ) —35co0s(44,, )) +B,, (q)(;;\/\/zin ](5 +2co0s(20,,) - %cos(4¢23 ))cos(2(|)23)ah1)23
+ _3\/§ _
+B;,(q) cion )(3 4cos(2¢23)+cos(4¢23))+...(l>4)
L (q)(% % cos(20,,)+ B, (q)(_?l ;—z]cos(Zq)B)
w2 (q) S (q) == | c0s(2¢,,)d ¢,
2 _ _
() 643% Jcos(z¢z3)+B;2 @)(3272% Jcos(2¢23 )+B7, (q)[éjg j+...(z > 4)

W ()" <q>=5[Bzo(q)(Z\/§ ]—B;,z <q>[§ ;—ft]—B:,o <q>[6jjE Jcos<z¢23>—B:,2 (q>(3jf;n ]cos<z¢23>+3:,4m{%}m(zﬂ)]

36



W (g)8 (g) = — J. cos(49,,)S (q)d o,

1+ Bg,o (q)[ﬁ]"' Bz+,o (Q)[i\/g(l +3COS(2¢23 )))"’ Bz+,2 (Q)[i\/g](l —cos(2¢23 ))

B ()5 () - 211:” B (g )[ 3;](9 20cos (26, ) —35cos(44,, )+ B}, (q)(;;\/\/zinJ(5+2cos(2¢zs)—%cos(4¢23)Jcos(4¢23)d¢zz
1 ()5S (g) = - | c<>s<6¢§)§w{d¢%}3—4cos(2¢23)+cos(4¢zs)>+---<l>4)

e (0)S2 (q)=Q F ~105 NIV N NEY o
W? 5 95 (4 ) m _[840 (Q)[64«/E ]COS(4¢23)+B4,2 (q)[6 N }COS(4¢23 )+B4,4 (q)[64m jcos(4¢23 )+...(1 > 4)cos(40,,)dd,,

Yelgei 21\/_ + \/_
WE (@) () Oc(w[jjsq\%¢ )§*(ﬁ()ﬂ€m] B;,(q [64 \/ﬁ] ...(1>4)]

WI;@locty( )S eq ( )
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Identities:

sin’ () =%(1—cos(20))

cos? (6) :%(1+cos(29))

sin’ () =§—%cos(29) +%cos(49)
cos* (6) :§+%cos(20) +écos(48)
cos® (6)sin® (8) =%(1 —cos(46))
cos(0)sin’ (6) = isin(20)+%sin(46’)
cos (8)—sin® (8) = cos (26)
cos(a)cos(b) = %(cos(a +b)+cos(a—b))
cos(a)sin(b) = %(sin(a +b)—sin(a — b))
sin(a)cos(b) = %(sin(a +b)+sin(a—b))
sin(a)sin(b) = %(cos(a —b)—cos(a+b))

cos(—a) = cos(a)

sin(—a) = —sin(a)
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2n
_[ Singd = —Cos|," =0
0

2% 27
1

Sinoedo = 2__5,. ) —n
o340
2n 1 27
JSin3(pd(p= ~Cos@——Cos’@ | =0

0 3 0

2T

2w
4 (3¢ 1. l .. 3
-([Sll’l odo = ?—ZSm2(p+—3—2Sm4(p 0 —7
2n
J Cos@pd@ = Sin(p|zn =0
0
2n 2n
JCOSZ(Pd(pI 9+lSin2(p =T
0 2 4 0
2n 1 2%
[ Cos*pde = Sm(p—gsm%p] =0
0 0
[ cos'oao =22+ Lsinag+ L sina T
0 Pe 8 4 ¢ 32 ® o 4

2n 2"

J Sin@Cos@d@ = lSin2(p =0

0 2 0

2n 1 2%

J Sin@Cos’@d@ = —§C0s3(p =0
0 0

2n 1 2n

J Sin*@Cos@dp = gSz'n3(p =0

0 0

2n 2r
1 T
Sin*@Cos*@d@ = 9——Sin4 ==
JO‘ ¢ P (8 32 (PJO 4
2n

2.
J Sin@Cos @d @ = —iCos“(p =0
0

0

2[1.tﬂ.2 N ] IH_A |21|:
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