MAE 598 Project#4 External flow Hitomi Shenhav

Task 1 (a)
(1)An estimation of Reynolds number of the system.

UD
R~T and v =E

For liquid kerosene and given conditions,

m kg
U = 0.005 ?,D =30cm,u = 0.0024%,p =780 kg/m?3

m kg
R~ = 487.5

0.0024 %4
ms

(2) Contour Plots of x-velocity, y-velocity, and static pressure at t = 1 hour.

(1) x-velocity
Velocity u ANSYS

Contour 1 R18.0
8.090e-003 Academic

7.098e-003
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4.121e-003
3.128e-003
2.136e-003
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MAE 598 Project#4 External flow

(ii) y-velocity

Velocity v ANSYS
Contour 3

-3.568e-003

-4.397e-003
[m s™1]

R18.0
4.722e-003 Academic

3.893e-003
3.064e-003
2.235e-003
1.406e-003
5.770e-004
-2.520e-004
-1.081e-003
-1.910e-003
-2.739e-003

[ 0.500 1.000 (m)
1

0.250 0.750

(iii) Static pressure

Hitomi Shenhav

Pre

ssure

Contour 2

[Pa]

1.462e-002
1.156e-002
8.499e-003
5.438e-003
2.376e-003
-6.847e-004
-3.746e-003
-6.807e-003
-9.868e-003
-1.293e-002
-1.599e-002
-1.905e-002

0.500

1.000 (m)

ANSYS
R1B0
Academic
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(3) Plot of drag coefficient and lift coefficient.

% 1[]'3 Drag Coefficient

Drag

6.7 1 i : i 1 1 i :
1800 2000 2200 2400 2600 2800 3000 3200 3400 3600
Time (s)

The flow does oscillate in time for this case. The estimation of period of oscillation is made from
the above graph, and it is around 135s for drag.

w107 Task 1 (a): Lift Coefficient
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The estimation of period of oscillation for the lift is 265s.
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Task 1 (b)
(1) An estimation of Reynolds number of the system.

UbD U
R~— andv =-—
v P
For air and given conditions,
m —skg 3
U= 0.005?0 = 30cm, p = 1.7894 X 107° —, p = 1.225 kg/m

(0.005%)(30(:171)(1.225k—g3
R~ % M~ — 1026
-5 __d

1.7894 x 10-5 -4

(2) Contour Plots of x-velocity, y-velocity, and static pressure at t = 1 hour.

(1) x-velocity
Velocity u ANSYS

Contour 1 R18.0
7.572e-003 Academic
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5.965e-003
5.162e-003
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1.949e-003
1.146e-003
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(i) y-velocity
Velocity v ANSYS

Contour 3 R18.0
3.710e-003 Academic

3.032e-003
2.355e-003
1.678e-003
1.001e-003
3.234e-004
-3.539e-004
-1.031e-003
-1.708e-003
-2.386e-003
-3.063e-003

-3.740e-003
[m s”-1]

L.
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(iii) static pressure
Pressure ANSYS
R18.0

Contour 2 R18.
2.947e-005 Academic

2.520e-005
2.093e-005
1.666e-005
1.239e-005
8.120e-006
3.851e-006
-4.191e-007
-4.689e-006
-8.959¢e-006
-1.323e-005

-1.750e-005
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(3) Plot of drag coefficient and lift coefficient.

w10t Orag Coefficient
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The flow dos not oscillate for drag.
w107 Task1 (b): Lift Coefficient

Lift
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The flow in y-direction appears to oscillate. The estimation of period of oscillation is 290s.
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Task 1 (c) (i) elongated in y-dir.
(1) For liquid kerosene and given conditions,

m kg 3
U = 0.005 ?,D = 36cm,u = 0.0024%,p =780 kg/m

m kg
. (0.0055)(36cm) (780 m? _

kg
0.0024 =

(2) Contour Plots of x-velocity, y-velocity, and static pressure at t = 1 hour.

(1) x-velocity
Velocity u ANSYS
Contour 1 R18.0
9.109e-003 Academic
7.971e-003
6.834e-003
5.696e-003
4.558e-003
3.421e-003
2.283e-003
1.146e-003
7.862e-006
-1.130e-003
-2.267e-003

-3.405e-003
[m sr-1]

L

(ii) y-velocity
Velocity v ANSYS
Contour 3 R18.0
5.932e-003 Academic
4.860e-003
3.788e-003
2.717e-003
1.645e-003
5.731e-004
-4.987-004
-1.571e-003
-2.642e-003
-3.714e-003
-4,786€-003

-5.858e-003
[m s?-1]




Drag

MAE 598 Project#4 External flow Hitomi Shenhav

(iii) static pressure
Pressure ANSYS
Contour 2 R18.0
1.724e-002 Academic
I 1.314e-002
9.046e-003
4.947e-003
8.485e-004
I -3.250e-003
-7.349e-003
-1.145e-002
-1.555e-002
-1.964e-002
I -2.374e-002
-2.784e-002
[Pa]

L,
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(3) Plot of drag coefficient and lift coefficient.

Task 1 (c)i: Drag Coefficient x10° Task 1 (c)i: Lift Coefficient
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Amplitude: ~ 0.00272 Amplitude: ~0.1446
Oscillation period: ~145s Oscillation period: ~ 295s

Compared to the results from task 1a, the flow oscillation in x-direction is more uniform, and

period of oscillation is slightly longer for both drag and lift. The coefficient value of drag and lift
are larger than of task 1a.
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Task 1 (c) (ii) elongated in x-dir.
(1) For liquid kerosene and given conditions,
m k
U = 0.005 ?,D = 24cm,u = 0'0024m_gs'p =780 kg/m3

m kg
(0.005 ) (24cm) (780 m3
R~ =390

kg
0.0024 =

(2) Contour Plots of x-velocity, y-velocity, and static pressure at t = 1 hour.

(1) x-velocity

Velocity u ANSYS

Contour 1 R18.0
7.092e-003 Academic
6.260e-003
5.427e-003
4.594€-003
3.761e-003
2.929¢-003
2.096e-003
1.263e-003
4.304¢-004
-4.023e-004
-1.235e-003

-2.068e-003
[m s?-1]

[] 0.500 1.000 (m)
]
0250 0.750

(i) y-velocity

Velocity v ANSYS

Contour 3 R18.0
3.442e-003 Academic
2.820e-003
2.197e-003
1.575e-003
9.522e-004
3.298e-004
-2.927e-004
-9.151e-004
-1.538e-003
-2.160e-003
-2.783e-003

-3.405e-003
[m s7-1]




Drag

MAE 598

Project#4 External flow

Hitomi Shenhav

(i) static pressure

Pressure
Contour 2

1.343e-002
1.122e-002
9.005e-003
6.791e-003
4.576e-003
2.362e-003
1.469e-004
-2.068e-003
-4.282e-003
-6.497e-003
-8.712e-003

-1.093e-002
[Pa]

ANSYS
R18.0

Academic

0 0.500 1.000 (m)
(3) Plot of drag coefficient and lift coefficient.
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Amplitude: ~ 7 x 10
Oscillation period: ~110s
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Amplitude: ~0.002986
Oscillation period: ~ 210s

The shape of flow oscillation for lift and drag are smellier to the results from task 1a. However,
the oscillation period is shorter for both drag and lint coefficient.
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Task 2 (a)
(1) Contour Plots of x-velocity, y-velocity, and static pressure for the steady solution.

(i) x-velocity
Velocity u AN%IYSSO

xvelocity R18.
1.726e+001 Academic

1.560e+001
1.394e+001
1.227e+001
1.061e+001
8.948e+000
7.285e+000
5.622e+000
3.959e+000
2.296e+000
6.323e-001

-1.031e+000
[msr1]

L

[ 0500 1.000 (m)
E—1

(i) y-velocity

Velocity v ANSYS
yvelocity R18.0

7.374€+000 Academic
6.089e+000
4.803e+000
3.517e+000
2.231e+000
9.458¢-001
-3.400e-001
-1,626e+000
-2.911e+000
-4.197e+000
-5.483e+000

-6.769e+000
[msA-1]

0 0500 1.000 (m)
1
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(i) static pressure

Pressure ANSYS
Contour 1 R18.0
l 6.532e+001 Academic
4.708e+001
2.883e+001
1.058e+001
-7.668e+000
. -2.592e+001
-4.416e+001
-6.241e+001
-8.066e+001
-9.891+001 N
I-1.172e+002 (&
-1.354e+002 S
[Pa]

0 0.500 1.000 (m)
1

0.250 0.750

(2) The drag force and lift force.

From drag force report below: Total drag force = 2.0128431 N

Forces - Direction vector (1 @ @)

Forces (n)
Zone Pressure Viscous Total
saucer 1.7239244 ©.28891873 2.0128431
Net 1.7239244 ©.28891873 2.0128431

From lift force report below: Total lift force = 10.629214 N

Forces - Direction Vvector (@ 1 @)

Forces (n)
Zone Pressure Viscous Total
saucer 10.615856 ©.013358061 18.629214
Net 10.615856 ©.013358061 18.629214
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Task 2 (b)
(1) Contour Plots of x-velocity, y-velocity, and static pressure for the transient solution, t =
3600s.
(i) x-velocity
Velocity u ANSYS

Contour 1 R18.0
1.676e+001 Academic

1.484e+001
1.293e+001
1.101e+001
9.098e+000
7.183e+000
5.268e+000
3.354e+000
1.439e+000
-4.757e-001
-2.390e+00

-4.305e+000
[m sA-1]

|

L.

0 0.500 1.000 (m)
]

(ii) y-velocity
Velocity v ANSYS

Contour 2 R18.0
1.371e+001 Academic

1.162e+001
9.533e+000
7.446e+000,
5.359¢+000
3.272e+000
1.186e+000
-9.011e-001
-2.988e+00(
-5.075e+00(
-7.162e+00(

-9.248e+00(
[m s-1]

0 0500 1000 (m)
[ Eaa—— ESS—
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Drag Force

MAE 598 Project#4 External flow

Pressure
Contour 3

. 6.347e+001

3.993e+001
1.638e+001
-7.172e+00

(i) static pressure

ANSYS
R180
Academic

-3.072e+00
. -5.427e+00

-7.782e+00
-1.014e+002
-1.249e+002

-1.485e+002
I -1.720e+002

-1.956e+002

[Pa]

L.

1.000 {m)
I}

0.250

0.750

Hitomi Shenhav

(2) The stedy solution was seeked first, but it appeared that there is a flow occilation. Therefore,
transient simulation was performed, similer to task 1.

Task 2 (b): Drag Force

% ; : ! j

12

Average value for drag force:
20.0072 N

i 1 I i L i 1 1
1800 2000 2200 2400 2600 2800 3000 3200 3400 3600
Time (s)

Lift force ()

Task 2 (b): Lift Force

3 ; ! ; :

20kl ! I ) I . 1 1 s - B 1

Time (s)

Average value for lift force:
21.7060N

0 1 1 i i 1 i 1 I
1800 2000 2200 2400 2600 2800 3000 3200 3400 3600
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Task 3 (a)

Project#4 External flow Hitomi Shenhav

(1) Mesh along the plane of symmetry: Fine size mesh was generated.

(2) Contour plot of x-velocity and static pressure along the plane of symmetry.

[m/s]

(1) x-velocity

1.43e+01
1.35e+01
1.27e+01
1.19e+01
1.11e+01
1.03e+01
9.48e+0
8.68e+0
7.87e+0
7.07e+0
6.26e+0
5.46e+0
4.65e+0
3.85e+0
3.04e+0
2.24e+0
1.43e+00
6.28e-01
-1.77e-01
-9.82e-01
-1.79e+00

(i) static pressure
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9.97e+01
5.31e+01
4.66e+01
4.00e+01
3.34e+01
2.68e+01
2.02e+01
1.36e+01
7.05e+00
4.66e-01
-6.12e+00
-1.27e+01
-1.93e+01
-2.99e+01
-3.25e+01
-3.90e+01
-4.56e+01
-5.22e+01
-5.88e+01
-6.54e+01 i

[ pascalf 20e+01 o=

(3) Contour plot of x-velocity and static pressure along the plane that pass through the origin and
is perpendicular to the plane of symmetry.
(i) x-velocity

1.436+01
1.35+01
1.27+01
1.19e+01
1.11e+01
1.036+01
9 48e+00
8 68e+00
7.87e+00
7.07e+00
6.26e+00
5 46e+00
4.656+00
3.85e+00
3.04e+00
2 24e+00
1.436+00
6.28e-01
-1.77e-01
-9.82e-01
-1.79e+00 -

[m/s ] ! e
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(i) static pressure

Static Pressure

5.97e+01
5.31e+01
4.66e+01
4.00e+01
3.34e+01
2.68e+01
2.02e+01
1.36e+01
7.05e+00
4.66e-01
-6.12e+0
-1.27e+01
-1.93e+01
-2.59e+01
-3.25e+01
-3.90e+01
-4.56e+01
-5.22e+01
-5.88e+01
-6.54e+01

: I:)asca-lhzoe+o1 -

(3) Drag and lift force
From drag force report below: Total drag force = 0.4505362 N

Forces - Direction Vector (1 © @)
Forces (n)

Zone Pressure Viscous Total
wall-fluid 9.33493489 9.11560211 9.4505362
Net B.33493409 2.11568211 2.4585362

From lift force report below: Total lift force = 0.54925193 N

Forces - Direction Vector (@ 1 @)

Forces (n)
Zone Pressure Viscous Total
wall-fluid 9.54950821 -0.000256238504 ©,54925193
Net 2.54950821 -0.00825623504 ©.54925193

17
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Task 3 (b)
(1) Contour plots of the x-velocity along the plane of symmetry for 6 = 15°,30°, and 45°.

x-velocity, 6 = 15°

1.40e+01
1.32e+01
1.24e+01
1.17e+01
1.09e+01
1.01e+01
9.38e+00
8.61e+00
7.85e+00
7.09e+00
6.32e+00
S
4

9.836-01
2.196-01
-5.44e-01 -

[ m/s ]-131e+00 ."‘X

x-velocity, 8 = 30°, at t=3600s.

1.72e+01
1.61e+01
1.51e+01
1.41e+01
1.30e+01
1.20e+01
1.09e+01
9.89e+00
8.85e+00
7.82e+00
6.78e+00
5.74e+00
4.70e+00
3.66e+00
2.62e+00
1.58e+00
5.39e-01
-5.00e-01
~1.54e+00
-2 58e+00 i

[mis 3.62e+00 (o=
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Drag Force (M)

MAE 598

Project#4 External flow

Hitomi Shenhav

x-velocity, 8 = 45°, at t = 3600s.

1.61e+01
1.21e+01
1.41e+01
1.31e+01
1.21e+01
1.1 1exD1
1.01e+01
9.08e+00
8.07e+00
7.07e+00
6.06e+00
5.06e+00
4.05e+00
3.05e+00
2.04e+00
1.04e+00
3.26e-02
-9.73e-01
-1.98e+00
-2.98e+00
-3.99e+00

[m/s]

[0
(@)=

For 8 = 30° and 45°, it appeared that there is flow oscillation in both drag and lift, so transient

simulation was performed.

Task 3 (1)30 deg: Drag Force
35 T T T T

3451

3.4

SEE T

33r

3251

i i 1 i | i
2400 2600 2800 3000 3200 3400 3600
Time (s)

3z |
fa00 2000 2200

Average value for drag force, 6 = 30°,:
3.3163 N

Lift force (M)

Task 3 (b) 30 deq: Lift Force
T T T T

4951
agh L
465
48

475

i i 1 i | i
2400 2600 2300 3000 3200 3400 3600
Time (s)

47
1800 2000 2200

Average value for lift force, 8 = 30°:
4.9578N
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Task 3 (b)45 deg: Drag Force

6.8 . . . . Task 3 (b) 45 deg: Lift Force
: : 3 : : 49 T T T : T !
67 48- ........ ......... ......... ,. ...........................
< =4
5 64 g 45
g 6.3 = 4.4
62 43
i i i i ; i i i 41 : i ; : ; ' i ;
{00 200 200 2400 2600 2800 3000 3200 340D 3600 1900 20002200 2400 QBEFmE (23?00 30003200 3400 3600
Time (s)
Average value for drag force, 8 = 45°;: Average value for lift force, 6 = 45°:
6.3189 N 4.4400N
(2) Plot of drag force and lift force as a function of the tilt angle 6.
Drag Force and Lift Force vs. Tilt Angle
7 T T T T T T T T
—&— Drag Force )
= —_— —» —Lift Force |...... T S < S— Cin e rd S s
5 :
5 s
g3 :
o :
2 :
eI B B B J——
0 i ] 1 i 1 i | ]
1] 5 10 15 20 25 30 35 40 45

Tilt Angle (degree)

Drag force increases as tilt angle increases, but lift force is maximum at the tilt angle of 30

degree, and seems to decreases thereafter.




