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Solution to problem 4.3 using nondimensional velocity profile
v1=3/2(1-x2"2)

vl is vl/ v_ave and x2 is x2/ h where his half width and coordinate is on
the centerline.

P is a point at x2=0.5. P’ 1is at an angle Theta and distance ds'

The vorticity is nondimensionalzed Omega_3 /v_ave/h = dvl/dx2
3
At P: o, 0 o, 0 @,

The strain rate tensor is nondimensionalized Sij/v_ave/h

Sij = 1/2(dvj/dxi +dvi/dxj)

AtP: S 0 S 0.75 S, 0.75 S22 0
1,1 1,2 1

The first point at 0 degrees

T
0_d 0 6 - 0_deg: 1..2 1.2
8 €180 ) ‘
; . ~ 1
o cos O o sin 0 o=
1 . ) . 0
2 0
d; N aes d=
L Tyl 0.75
j=1
dv_r is the solid rotational velocity dv(r)/ ds
2 @,
dv_r, 2‘ €i,3,3- 5 oocj dv.r =
A 0.75
Magnitude
dv.r - (dv_rdvr)? dv_r = 0.75
dv_s is the strain velocity dv(s)/ ds
dV_Si d] dV_S _
| B 0.75
Magnitude dV_s dv_s-dv_s dv_s = 0.75
dv_es is the elongational strain velocity dv(es)/ ds
5 ‘
. \'" d - 0
dv_es; Lo ‘OL], d]’ & dv_es =

ji=1

Magnitude dV_es 'dv_es-dv_es 3 dV_ es =0
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dv_ss is the shear strain velocity dv(ss)/ ds

dv_ss; dv_s; dv_es; dv_ss =

0.75
Magnitude dv_ss  |( dv_ss~dv_ssfﬁ'5 dV_ss = 0.75
The second point at 30 degrees
T
0 0  0_deg i 1.2 i 1.2
0. deg = 3 _deg {80 j i
o " 0866
o, cos o, sin 9 “= s
2 0.375
‘ \' S, =
¢ 2% S ¢ 0.65
i=1
dv_r is the solid rotational velocity dv(r)/ ds
2 (,)3
. ' i AT 0.375
dv_r; Z_‘ €1,3,] 5 oc], dvr=
T 0.65
Magnitude
AV r o (dv_rdvr”? dv_r = 0.75
dv_s is the strain velocity dv(s)/ ds
dV_Si dl dv_s i 0375
s - 0.65
Magnitude dVv_s {dv_s-dv_s; dV_s = 0.75
dv_es is the elongational strain velocity dv(es)/ ds
oy ‘
. A do 0.563
dv_es; L ;aj d] ai dv_es =
S 0325
]
Magnitude dV_es ‘dv_es-dv_es :;'5 dV_es = 0.65
dv_ss is the shear strain velocity dv(ss)/ ds
dv_ss, dv_s;  dv_es;

0.188

! dv ss =
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Magmtude dV_ss ‘dv_ss-dv_ss 5

The first point at 45 degrees

s

45 6~ 0_deg j

0_deg _deg 180 j
9 . o 0.707

, o=

o, cos o, - sin 0707

2 053"

: \N' oS =
4 i aj ‘SJ": d 0.53

dv_r is the solid rotational velocity dv(r)/ ds

2 o
N 3
dv_r; 2. €1,3,1," 5 -ocj
i=1
Magnitude

dv.r = (dv_r-dv_r =

dv_s is the strain velocity dv(s)/ ds

dv_s; d;
Magnitude dv_s = dv_s-dv_s, =
dv_es is the elongational strain velocity dv(es)/ ds
)
dv_es; N VOL.-dj" 0L
J 1

.
= 1

j
Magnitude dV es  (dv_es-dv_es; 3
dv_ss is the shear strain velocity dv(ss)/ ds

dv_ss; dv_s; dv_es;

Magnitude dV_ss (dv_ss- dv_ss) =

U340
dv_ss = 0.375
i 1..2
- 0.53
dv_r =
- 0.53
dv r = 0.75
0.53
dv_s =
0.53
dv_s = 0.75
0.53
dv_es =
0.53
dV_es = 0.65
0
dv_ss =
0
dV ss =0
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The last point at 90 degrees

b
90 0 = 0_deg: i 1.2 1 1.2
0 _deg _deg 180 i
. ) ; 5 0
o,  cos 0 o, sin. 6 o=
| 2 0.75

=1
dv_r is the solid rotational velocity dv(r)/ ds

2 ®

! o3
. P 0.75
dv_rx; >_‘ €,3,]) 5 Ol]_ dvr=
= 0
i=1
Magnitude
dv_r ‘dv_r-dv_r :./.5 dV_r =075
dv_s is the strain velocity dv(s)/ ds
dv.s; 4 s 0T
0
, .5 _
Magnitu de dV_s (dv_s-dv_s, dV_s = 0.75
dv_es is the elongational strain velocity dv(es)/ ds
2
dv_es; >_a ! aj‘di o dv es =
j=1 0
Magnitude dV_es ‘dv_es-dv_es 3 dV es =0
dv_ss is the shear strain velocity dv(ss)/ ds
dv_ss, dv_s; dv_es; dv_ss = 0
Magnitude dV_ss = 0

dV_ss = [(dv_ss-dv_ss; =
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