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a) ܥ history b) ܥ history 

Figure 5.13 ܥ and ܥ  variation of the RAE2822 airfoil at M = 0.8 and α = 2 deg. 

Similar to the high ground clearance case, h/c = 0.5 case shows more oscillations in lift compared 

to the h/c = 1.0 case as shown in Figure 5.13. The phase lead of the lift and drag compared to the 

wavy ground case also show the same trend. The pressure coefficient plot shown in Figure 5.14 

shows that both cases have shock on the lower surface shock. The lift difference is caused mostly 

by the lower surface; in h/c = 0.5 case, the position of the lower surface shock does not change 

while the strength of the shock oscillates in one period causing the pressure behind the shock to 

vary. 

 
a) t* = 0.0 to 0.4 

 
b) t* = 0.5 to 0.9 

Figure 5.14 Pressure coefficient distribution on the RAE2822 airfoil at M = 0.8, α = 2 deg and h/c = 0.5. 
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a) t* = 0.0 to 0.4 

 

b) t* = 0.5 to 0.9 

Figure 5.15 Pressure coefficient distribution on the RAE2822 airfoil at M = 0.8, α = 2 deg and h/c = 1.0. 

a) t* = 0.0 (1.0) b) t* = 0.1 

c) t* = 0.2 d) t* = 0.3 

e) t* = 0.4 f) t* = 0.5 
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g) t* = 0.6 h) t* = 0.7 

i) t* = 0.8 j) t* = 0.9 

Figure 5.16 Pressure contours of the RAE2822 airfoil at M = 0.8, α = 2 deg and h/c = 0.5 above wavy ground. 

 
a) t* = 0.0 (1.0) 

 
b) t* = 0.1 

 
c) t* = 0.2 

 
d) t* = 0.3 

 
e) t* = 0.4 

 
f) t* = 0.5 
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g) t* = 0.6 

 
h) t* = 0.7 

 
i) t* = 0.8 

 
j) t* = 0.9 

Figure 5.17 Pressure contours of the RAE2822 airfoil at M = 0.8, α = 2 deg and h/c = 1.0 above wavy ground. 

Figures 5.16 and 5.17 show the pressure contours and the sonic line of the two cases analyzed. It 

is clear that despite the Mach number being the same, the reduced ground clearance accelerates 

the flow passing under the airfoil and thus creating a larger region of locally supersonic flow. 

Another case of α = 0 deg, M = 0.8 and h/c = 0.5 is also analyzed due to its unique lower surface 

shock behavior. The lift and drag coefficient history is shown in Figure 5.18. The lift has a phase 

lead of 160 degree to the wavy ground which is much larger than in the previous cases. The 

pressure coefficient plot shows that the positions of both the upper and lower surface shocks 

remain stationary while the pressure behind the lower surface shock changes periodically. From 

t* = 0 to 0.4, the pressure behind the lower surface shock increases and then decreases from t* = 

0.5 to 0.9. The sonic line shown in Figure 5.20 in red shows that the lower surface shock reaching 

the ground is periodically changing the height as the wavy ground oscillates. 
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a) ܥ history b) ܥ history 

Figure 5.18 ܥ and ܥ variation of the RAE2822 airfoil at M = 0.8, α = 0 deg and h/c = 0.5. 

 
a) t* = 0.0 to 0.4 

 
b) t* = 0.5 to 0.9 

Figure 5.19 Pressure coefficient distribution on the RAE2822 airfoil at M = 0.8, α = 0 deg and h/c = 0.5. 

a) t* = 0.0 (1.0) b) t* = 0.1 
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c) t* = 0.2 d) t* = 0.3 

e) t* = 0.4 f) t* = 0.5 

g) t* = 0.6 h) t* = 0.7 

i) t* = 0.8 j) t* = 0.9 

Figure 5.20 Pressure contours and sonic line of the RAE2822 airfoil at M = 0.8, α = 0 deg and h/c = 0.5. 
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Chapter 6: Conclusion 
The flow field of an RAE2822 transonic airfoil in ground effect is simulated at six different angles 

of attack and four different Mach numbers with ground clearance varying from h/c = ∞  to 0.1. 

The effect of ground clearance on the shock formation on the airfoil can be classified into two 

regions based on the appearance of shock on the lower surface of the airfoil: (a) region I of high 

ground clearance and (b) region II of low ground clearance.  

1) In case of high ground clearance, the downward movement of stagnation point moves the shock 

forward and reduces the strength of the shock. Pressure on the lower surface of the airfoil increases 

and the pressure on the upper surface decreases. The total lift on the airfoil shows a small increase. 

Drag on the lower surface of the airfoil increases and the wave drag caused by the shock on the 

upper surface decreases causing the total drag to decrease. At high angle of attack ranging from ߙ 

= 6 deg to 12 deg, shock buffet phenomenon is observed with the lift and drag coefficient 

oscillating nearly 60% in one cycle. The shock buffet is combined with the boundary layer 

separation due to the shock/boundary layer interaction. The pressure waves behind the trailing 

edge generate pressure waves which travel upstream and interact with the shock. 

2) In case of low ground clearance, the shock on the lower surface of the airfoil appears due to the 

converging-diverging nozzle like shape between the airfoil and the ground. Streamlines are 

deflected upward and the suction peak ahead of the shock increases causing the upper surface 

shock to increase strength. The lift decreases and the drag increases resulting in significant loss in 

aerodynamic efficiency. At high angle of attack, the shock buffet is present, the mechanism is 

similar to that for the shock buffet in the high ground clearance case. However, at low angle of 

attack and high Mach number, another type of shock buffet phenomenon is observed with the 

lower surface shock interacting with the boundary layer separation causing the pressure on the 
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lower surface at the trailing edge to oscillate. The pressure on the upper surface varies in 

accordance with the unsteady-Kutta condition. This coupled shock buffet has been for the first 

time observed in this thesis and analyzed. 

By increasing the angle of attack and thus altering the channel shape, the airfoil can remain in the 

region of high ground clearance which would avoid the appearance of lower surface shock thereby 

increasing the aerodynamic efficiency. 

Several unsteady phenomenon were also observed in the numerical simulations. The unsteadiness 

occurs due to shock-boundary layer interaction. 

When the airfoil is above the wavy ground, the aerodynamic behavior shows periodic movements 

at the same frequency but with a phase difference due to the wavy ground. The oscillation 

amplitude of the aerodynamic forces is smaller compared to the shock buffet phenomenon. 
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Appendix A 
 

Journal file of Mesh Generation of RAE2822 
Airfoil in ICEM 
AOA = angle of attack; 

FILE_PATH = path of project file; 

MESH_FILENAME = name of generated mesh file; 

ic_geo_cre_geom_input {FILE_PATHDown.txt} 0.000001 input PNTS {} Airfoil_down crv 

SURFS {} 

ic_boco_solver 

ic_boco_clear_icons 

ic_csystem_display all 0 

ic_csystem_set_current global 

ic_boco_nastran_csystem reset 

ic_geo_cre_geom_input {FILE_PATHUp.txt} 0.000001 input PNTS {} Airfoil_up crv SURFS 

{} 

ic_boco_solver 

ic_boco_clear_icons 

ic_csystem_display all 0 

ic_csystem_set_current global 

ic_boco_nastran_csystem reset 

ic_set_global geo_cad 0 toptol_userset 

ic_set_global geo_cad 0.0005 toler 
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ic_geo_new_family FF 

ic_boco_set_part_color FF 

ic_point {} FF pnt.00 -60,60,0 

ic_point {} FF pnt.01 -60,-60,0 

ic_point {} FF pnt.02 80,-60,0 

ic_point {} FF pnt.03 80,60,0 

ic_set_global geo_cad 0.09 toler 

ic_delete_geometry curve names crv.00 0 

ic_curve point FF crv.00 {pnt.00 pnt.03} 

ic_delete_geometry curve names crv.01 0 

ic_curve point FF crv.01 {pnt.00 pnt.01} 

ic_delete_geometry curve names crv.02 0 

ic_curve point FF crv.02 {pnt.03 pnt.02} 

ic_geo_new_family GROUND 

ic_boco_set_part_color GROUND 

ic_delete_geometry curve names crv.03 0 

ic_curve point GROUND crv.03 {pnt.01 pnt.02} 

ic_set_global geo_cad 0.09 toler 

ic_geo_new_family GEOM 

ic_boco_set_part_color GEOM 

ic_point crv_par GEOM pnt.04 {crv1 0} 

ic_point crv_par GEOM pnt.05 {crv1 1} 

ic_geo_new_family FLUID 
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ic_boco_set_part_color FLUID 

ic_hex_unload_blocking 

ic_hex_initialize_mesh 2d new_numbering new_blocking FLUID 

ic_hex_switch_blocking root 

ic_hex_unblank_blocks 

ic_hex_multi_grid_level 0 

ic_hex_projection_limit 0 

ic_hex_default_bunching_law default 2.0 

ic_hex_floating_grid off 

ic_hex_transfinite_degree 1 

ic_hex_unstruct_face_type one_tri 

ic_hex_set_unstruct_face_method uniform_quad 

ic_hex_set_n_tetra_smoothing_steps 20 

ic_hex_set_mesh_params AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM FLUID -

version 110 

ic_hex_error_messages off_minor 

ic_hex_switch_blocking root 

ic_hex_move_node 13 pnt.00 

ic_hex_move_node 21 pnt.03 

ic_hex_move_node 19 pnt.02 

ic_hex_move_node 11 pnt.01 

ic_hex_find_comp_curve crv.01 

ic_hex_set_edge_projection 11 13 0 1 crv.01 
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ic_hex_find_comp_curve crv.00 

ic_hex_set_edge_projection 13 21 0 1 crv.00 

ic_hex_find_comp_curve crv.02 

ic_hex_set_edge_projection 19 21 0 1 crv.02 

ic_hex_find_comp_curve crv.03 

ic_hex_set_edge_projection 11 19 0 1 crv.03 

ic_hex_split_grid 11 19 0.427911 m AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM 

FLUID VORFN 

ic_hex_split_grid 33 34 0.498876 m AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM 

FLUID VORFN 

ic_hex_split_grid 38 34 0.00466771 m AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM 

FLUID VORFN 

ic_hex_split_grid 43 44 0.0139933 m AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM 

FLUID VORFN 

ic_hex_split_grid 49 44 0.00896465 m AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM 

FLUID VORFN 

ic_hex_mark_blocks unmark 

ic_hex_mark_blocks superblock 14 

ic_hex_mark_blocks superblock 22 

ic_hex_mark_blocks superblock 27 

ic_hex_mark_blocks numbers 39 44 edge_neighbors 

ic_hex_ogrid distance 0.2 fix_dist not_marked m AIRFOIL_DOWN AIRFOIL_UP FF 

GROUND GEOM FLUID -version 50 
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ic_hex_mark_blocks unmark 

ic_hex_mark_blocks unmark 

ic_hex_mark_blocks unmark 

ic_hex_mark_blocks superblock 22 

ic_hex_mark_blocks superblock 27 

ic_hex_collapse_blocks 1 version 410 

ic_hex_mark_blocks unmark 

ic_hex_mark_blocks unmark 

ic_hex_split_grid 58 59 pnt.04 m AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM 

FLUID VORFN 

ic_hex_move_node 49 pnt.05 

ic_hex_move_node 70 pnt.04 

ic_hex_find_comp_curve crv1 

ic_hex_set_edge_projection 43 49 0 1 crv1 

ic_hex_project_to_surface 43 49 

ic_hex_set_edge_projection 70 43 0 1 crv1 

ic_hex_project_to_surface 70 43 

ic_hex_find_comp_curve crv0 

ic_hex_set_edge_projection 38 70 0 1 crv0 

ic_hex_project_to_surface 38 70 

ic_hex_set_edge_projection 38 49 0 1 crv0 

ic_hex_project_to_surface 38 49 

ic_hex_set_node_location x 0.04 -csys global node_numbers {{  43  } {  38  }} 
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ic_hex_project_to_surface FLUID GEOM FF AIRFOIL_DOWN AIRFOIL_UP GROUND 

ic_hex_set_node_location x -0.04 -csys global node_numbers {{  71  }} 

ic_hex_set_node_location x -0.01 y 0.06 -csys global node_numbers {{  59  }} 

ic_hex_set_node_location x -0.01 y -0.06 -csys global node_numbers {{  58  }} 

ic_hex_set_node_location x 1 y 0.05 -csys global node_numbers {{  61  }} 

ic_hex_set_node_location x 1 y -0.05 -csys global node_numbers {{  60  }} 

ic_hex_get_node_location {  61  } _tempx _tempy _tempz 

ic_hex_get_node_location {  61  } _tempx _tempy _tempz 

ic_hex_set_node_location y {$_tempy} -csys global node_numbers {{  63  } {  65  }} 

ic_hex_get_node_location {  60  } _tempx _tempy _tempz 

ic_hex_set_node_location y {$_tempy} -csys global node_numbers {{  62  } {  64  }} 

ic_hex_get_node_location {  49  } _tempx _tempy _tempz 

ic_hex_set_node_location x {$_tempx} -csys global node_numbers {{  61  } {  60  } {  47  } 

{  50  }} 

ic_hex_get_node_location {  59  } _tempx _tempy _tempz 

ic_hex_set_node_location y {$_tempy} -csys global node_numbers {{  42  }} 

ic_hex_get_node_location {  58  } _tempx _tempy _tempz 

ic_hex_set_node_location y {$_tempy} -csys global node_numbers {{  37  }} 

ic_hex_get_node_location {  49  } _tempx _tempy _tempz 

ic_hex_set_node_location y {$_tempy} -csys global node_numbers {{  55  } {  44  }} 

ic_hex_set_mesh 59 43 n 2 h1rel 0.0341752987775 h2rel 1.70876493888e-005 r1 1.05 r2 1.05 

lmax 0 default copy_to_parallel unlocked 
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ic_hex_set_mesh 71 59 n 40 h1rel 0.0 h2rel 0.0 r1 2 r2 2 lmax 0 default copy_to_parallel 

unlocked 

ic_hex_set_mesh 71 59 n 40 h1rel 0.0 h2rel 0.0 r1 1.2 r2 1.2 lmax 0 default copy_to_parallel 

unlocked 

ic_hex_set_mesh 58 71 n 40 h1rel 0.0 h2rel 0.0 r1 2 r2 2 lmax 0 default copy_to_parallel 

unlocked 

ic_hex_set_mesh 58 71 n 40 h1rel 0.0 h2rel 0.0 r1 1.2 r2 1.2 lmax 0 default copy_to_parallel 

unlocked 

ic_hex_set_mesh 43 49 n 310 h1rel 0.0 h2rel 0.0 r1 2 r2 2 lmax 0 default copy_to_parallel 

unlocked 

ic_hex_set_mesh 43 49 n 310 h1rel 0.00155508580445 h2rel 0.00103672386963 r1 1.1 r2 1.05 

lmax 0 default copy_to_parallel unlocked 

ic_hex_set_mesh 61 63 n 9 h1rel 0.0 h2rel 0.0 r1 2 r2 2 lmax 0 default copy_to_parallel 

unlocked 

ic_hex_set_mesh 61 63 n 9 h1rel 0.0 h2rel 0.0 r1 2 r2 2 lmax 0 default copy_to_parallel 

unlocked 

ic_hex_set_mesh 61 63 n 95 h1rel 0.0 h2rel 0.0 r1 2 r2 2 lmax 0 default copy_to_parallel 

unlocked 

ic_hex_set_mesh 61 63 n 95 h1rel 0.00135822876104 h2rel 0.0 r1 1.05 r2 1.1 lmax 0 default 

copy_to_parallel unlocked 

ic_hex_set_mesh 55 44 n 2 h1rel linked 49 55 h2rel 0.0 r1 1.08 r2 1.1 lmax 0 default 

copy_to_parallel locked 



81 
 

ic_hex_set_mesh 59 34 n 100 h1rel 0.0 h2rel 0.0 r1 2 r2 2 lmax 0 default copy_to_parallel 

unlocked 

ic_hex_set_mesh 59 34 n 100 h1rel 3.002997993e-005 h2rel 0.0 r1 1.1 r2 1.1 lmax 0 default 

copy_to_parallel unlocked 

ic_hex_set_mesh 33 58 n 2 h1rel 0.0 h2rel 3.002997993e-005 r1 1.1 r2 1.1 lmax 0 default 

copy_to_parallel unlocked 

ic_hex_set_mesh 69 71 n 120 h1rel 0.0 h2rel 0.0 r1 2 r2 2 lmax 0 default copy_to_parallel 

unlocked 

ic_hex_set_mesh 69 71 n 120 h1rel 0.0 h2rel linked 71 70 r1 1.08 r2 1.08 lmax 0 default 

copy_to_parallel locked 

ic_hex_list_family_projection 

ic_hex_create_mesh AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM FLUID proj 2 

dim_to_mesh 3 nproc 10 

ic_hex_set_mesh 33 58 n 120 h1rel 0.0 h2rel 3.002997993e-005 r1 1.1 r2 1.1 lmax 0 default 

copy_to_parallel unlocked 

ic_hex_set_mesh 33 58 n 120 h1rel 0.0 h2rel 3.002997993e-005 r1 1.1 r2 1.1 lmax 0 default 

copy_to_parallel unlocked 

ic_hex_list_family_projection 

ic_hex_create_mesh AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM FLUID proj 2 

dim_to_mesh 3 nproc 10 

ic_hex_set_mesh 59 43 n 120 h1rel 0.0341752987775 h2rel 1.70876493888e-005 r1 1.05 r2 1.05 

lmax 0 default copy_to_parallel unlocked 

ic_hex_list_family_projection 
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ic_hex_create_mesh AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM FLUID proj 2 

dim_to_mesh 3 nproc 10 

ic_hex_mark_blocks unmark 

ic_hex_mark_blocks superblock 14 

ic_hex_mark_blocks superblock 42 

ic_hex_change_element_id VORFN 

ic_delete_empty_parts 

ic_hex_undo_major_start auto_edge_split 

ic_hex_auto_split_edge 70 43 

ic_hex_auto_split_edge 43 49 

ic_hex_auto_split_edge 38 49 

ic_hex_auto_split_edge 38 70 

ic_hex_undo_major_end auto_edge_split 

ic_hex_link_shape 71 59 70 43 1.0 

ic_hex_link_shape 58 71 38 70 1.0 

ic_hex_link_shape 58 60 38 49 1.0 

ic_hex_link_shape 59 61 43 49 1.0 

ic_hex_list_family_projection 

ic_hex_create_mesh AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM FLUID proj 2 

dim_to_mesh 3 nproc 10 

ic_hex_set_mesh 55 44 n 120 h1rel linked 49 55 h2rel 0.0 r1 1.08 r2 1.1 lmax 0 default 

copy_to_parallel locked 
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ic_hex_set_mesh 55 44 n 120 h1rel linked 49 55 h2rel 0.0 r1 1.08 r2 1.1 lmax 0 default 

copy_to_parallel locked 

ic_hex_list_family_projection 

ic_hex_create_mesh AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM FLUID proj 2 

dim_to_mesh 3 nproc 10 

ic_hex_set_mesh 55 44 n 120 h1rel linked 49 55 h2rel 0.0 r1 1.08 r2 1.1 lmax 0 default 

copy_to_parallel locked 

ic_hex_set_mesh 55 44 n 120 h1rel 0.000153327787978 h2rel 0.0 r1 1.08 r2 1.1 lmax 0 default 

copy_to_parallel locked 

ic_hex_list_family_projection 

ic_hex_create_mesh AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM FLUID proj 2 

dim_to_mesh 3 nproc 10 

ic_set_global geo_cad 0.09 toler 

ic_move_geometry curve names {crv1 crv0} rotate -AOA rotate_axis {0 0 1} cent {0 0 0} 

ic_move_geometry point names {pnt.05 pnt.04} rotate -AOA rotate_axis {0 0 1} cent {0 0 0} 

ic_geo_reset_data_structures 

ic_geo_configure_one_attribute surface shade wire 

ic_geo_new_family __TEMP_BLOCK_SUBSET__ 

ic_hex_create_subset display __TEMP_BLOCK_SUBSET__ 

ic_hex_subset_add_items __TEMP_BLOCK_SUBSET__ block 6 30 31 32 33 34 41 

ic_hex_undo_major_start transform_blocking 

ic_hex_transform_blocking root rotate 0 0 0 0 0 1 -AOA m __TEMP_BLOCK_SUBSET__ 

ic_hex_undo_major_end transform_blocking 
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ic_geo_delete_family __TEMP_BLOCK_SUBSET__ 

ic_hex_delete_subset __TEMP_BLOCK_SUBSET__ 

ic_hex_link_shape 38 70 

ic_hex_link_shape 38 49 

ic_hex_link_shape 58 38 

ic_hex_link_shape 58 71 

ic_hex_link_shape 58 60 

ic_hex_link_shape 60 49 

ic_hex_link_shape 70 43 

ic_hex_link_shape 71 70 

ic_hex_link_shape 71 59 

ic_hex_link_shape 43 49 

ic_hex_link_shape 59 43 

ic_hex_link_shape 59 61 

ic_hex_link_shape 61 49 

ic_hex_undo_major_start auto_edge_split 

ic_hex_auto_split_edge 43 49 

ic_hex_auto_split_edge 70 43 

ic_hex_auto_split_edge 38 70 

ic_hex_auto_split_edge 38 49 

ic_hex_undo_major_end auto_edge_split 

ic_hex_list_family_projection 



85 
 

ic_hex_create_mesh AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM FLUID proj 2 

dim_to_mesh 2 nproc 10 

ic_hex_remove_edge_points 38 70 

ic_hex_remove_edge_points 38 49 

ic_hex_remove_edge_points 58 38 

ic_hex_remove_edge_points 58 71 

ic_hex_remove_edge_points 58 60 

ic_hex_remove_edge_points 60 49 

ic_hex_remove_edge_points 70 43 

ic_hex_remove_edge_points 71 70 

ic_hex_remove_edge_points 71 59 

ic_hex_remove_edge_points 43 49 

ic_hex_remove_edge_points 59 61 

ic_hex_remove_edge_points 59 43 

ic_hex_remove_edge_points 61 49 

ic_hex_undo_major_start auto_edge_split 

ic_hex_auto_split_edge 43 49 

ic_hex_auto_split_edge 70 43 

ic_hex_auto_split_edge 38 70 

ic_hex_auto_split_edge 38 49 

ic_hex_undo_major_end auto_edge_split 

ic_hex_link_shape 71 59 70 43 1.0 

ic_hex_link_shape 58 71 38 70 1.0 
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ic_hex_link_shape 58 60 38 49 1.0 

ic_hex_link_shape 59 61 43 49 1.0 

ic_hex_list_family_projection 

ic_hex_create_mesh AIRFOIL_DOWN AIRFOIL_UP FF GROUND GEOM FLUID proj 2 

dim_to_mesh 2 nproc 10 

ic_hex_write_file {FILE_PATHhex.uns} AIRFOIL_DOWN AIRFOIL_UP FF GROUND 

GEOM FLUID proj 2 dim_to_mesh 2 no_boco 

ic_uns_load C:/Users/Boshun/Desktop/Boshun/RAE2882/GROUND~1/Mesh/hex.uns 3 0 {} 1 

ic_uns_update_family_type visible {FLUID GEOM FF AIRFOIL_DOWN ORFN AIRFOIL_UP 

GROUND} {!NODE !LINE_2 QUAD_4} update 0 

ic_uns_diag_reset_degen_min_max 

ic_boco_solver 

ic_uns_update_family_type visible {FLUID GEOM FF AIRFOIL_DOWN ORFN AIRFOIL_UP 

GROUND} {!NODE !LINE_2 QUAD_4} update 0 

ic_boco_clear_icons 

ic_csystem_display all 0 

ic_csystem_set_current global 

ic_boco_nastran_csystem reset 

ic_boco_solver {ANSYS Fluent} 

ic_solver_mesh_info {ANSYS Fluent} 

ic_delete_empty_parts 

ic_delete_empty_parts 

ic_save_tetin project1.tin 0 0 {} {} 0 0 1 
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ic_uns_check_duplicate_numbers 

ic_save_unstruct project1.uns 1 {} {} {} 

ic_uns_set_modified 1 

ic_hex_save_blocking project1.blk 

ic_boco_solver 

ic_boco_solver {ANSYS Fluent} 

ic_solution_set_solver {ANSYS Fluent} 1 

ic_boco_save project1.fbc 

ic_boco_save_atr project1.atr 

ic_cart_is_loaded 

ic_save_project_file {FILE_PATHproject1.prj} {array\ set\ file_name\ \{ {    catia_dir 

{C:/Users/Boshun/Desktop/Boshun/RAE2882/Ground Effect/Mesh}} {    parts_dir 

{C:/Users/Boshun/Desktop/Boshun/RAE2882/Ground Effect/Mesh}} {    domain_loaded 0} 

{    cart_file_loaded 0} {    cart_file {}} {    domain_saved project1.uns} {    archive {}} 

{    med_replay {}} {    topology_dir {C:/Users/Boshun/Desktop/Boshun/RAE2882/Ground 

Effect/Mesh}} {    ugparts_dir {C:/Users/Boshun/Desktop/Boshun/RAE2882/Ground 

Effect/Mesh}} {    icons {{$env(ICEM_ACN)/lib/ai_env/icons} 

{$env(ICEM_ACN)/lib/va/EZCAD/icons} {$env(ICEM_ACN)/lib/icons} 

{$env(ICEM_ACN)/lib/va/CABIN/icons}}} {    tetin project1.tin} {    family_boco 

project1.fbc} {    prism_params {}} {    iges_dir 

{C:/Users/Boshun/Desktop/Boshun/RAE2882/Ground Effect/Mesh}} {    solver_params_loaded 

1} {    attributes_loaded 1} {    project_lock {}} {    attributes project1.atr} {    domain 

project1.uns} {    domains_dir .} {    settings_loaded 0} {    settings project1.prj} {    blocking 
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project1.blk} {    hexa_replay {}} {    transfer_dir 

{C:/Users/Boshun/Desktop/Boshun/RAE2882/Ground Effect/Mesh}} {    mesh_dir 

{C:/Users/Boshun/Desktop/Boshun/RAE2882/Ground Effect/Mesh}} {    family_topo {}} 

{    gemsparts_dir {C:/Users/Boshun/Desktop/Boshun/RAE2882/Ground Effect/Mesh}} 

{    family_boco_loaded 1} {    tetin_loaded 1} {    project_dir 

{C:/Users/Boshun/Desktop/Boshun/RAE2882/Ground Effect/Mesh}} {    topo_mulcad_out {}} 

{    solver_params {}} \} array\ set\ options\ \{ {    expert 1} {    remote_path {}} 

{    tree_disp_quad 2} {    tree_disp_pyra 0} {    evaluate_diagnostic 0} {    histo_show_default 

1} {    select_toggle_corners 0} {    remove_all 0} {    keep_existing_file_names 0} 

{    record_journal 0} {    edit_wait 0} {    face_mode all} {    select_mode all} 

{    med_save_emergency_tetin 1} {    user_name Boshun} {    diag_which all} 

{    uns_warn_if_display 500000} {    bubble_delay 1000} {    external_num 1} {    tree_disp_tri 

2} {    apply_all 0} {    default_solver {ANSYS Fluent}} {    temporary_directory {}} 

{    flood_select_angle 0} {    home_after_load 1} {    project_active 0} 

{    histo_color_by_quality_default 1} {    undo_logging 1} {    tree_disp_hexa 0} 

{    histo_solid_default 1} {    host_name CFD128-1} {    xhidden_full 1} 

{    replay_internal_editor 1} {    editor notepad} {    mouse_color orange} {    clear_undo 1} 

{    remote_acn {}} {    remote_sh csh} {    tree_disp_penta 0} {    n_processors 10} 

{    remote_host {}} {    save_to_new 0} {    quality_info Quality} {    tree_disp_node 0} 

{    med_save_emergency_mesh 1} {    redtext_color red} {    tree_disp_line 0} 

{    select_edge_mode 0} {    use_dlremote 0} {    max_mesh_map_size 1024} {    show_tris 1} 

{    remote_user {}} {    icon_size Normal} {    enable_idle 0} {    auto_save_views 1} 

{    max_cad_map_size 512} {    display_origin 0} {    uns_warn_user_if_display 1000000} 
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{    detail_info 0} {    win_java_help 0} {    show_factor 1} {    boundary_mode all} 

{    clean_up_tmp_files 1} {    auto_fix_uncovered_faces 1} {    med_save_emergency_blocking 

1} {    max_binary_tetin 0} {    tree_disp_tetra 0} \} array\ set\ disp_options\ 

\{ {    uns_dualmesh 0} {    uns_warn_if_display 500000} {    uns_normals_colored 0} 

{    uns_icons 0} {    uns_locked_elements 0} {    uns_shrink_npos 0} {    uns_node_type None} 

{    uns_icons_normals_vol 0} {    uns_bcfield 0} {    backup Wire} {    uns_nodes 0} 

{    uns_only_edges 0} {    uns_surf_bounds 0} {    uns_wide_lines 0} {    uns_vol_bounds 0} 

{    uns_displ_orient Triad} {    uns_orientation 0} {    uns_directions 0} {    uns_thickness 0} 

{    uns_shell_diagnostic 0} {    uns_normals 0} {    uns_couplings 0} {    uns_periodicity 0} 

{    uns_single_surfaces 0} {    uns_midside_nodes 1} {    uns_shrink 100} 

{    uns_multiple_surfaces 0} {    uns_no_inner 0} {    uns_enums 0} {    uns_disp Wire} 

{    uns_bcfield_name {}} {    uns_color_by_quality 0} {    uns_changes 0} 

{    uns_cut_delay_count 1000} \} {set icon_size1 24} {set icon_size2 35} {set 

thickness_defined 0} {set solver_type 1} {set solver_setup 1} array\ set\ prism_values\ 

\{ {    n_triangle_smoothing_steps 5} {    min_smoothing_steps 6} 

{    first_layer_smoothing_steps 1} {    new_volume {}} {    height {}} {    prism_height_limit 

{}} {    interpolate_heights 0} {    n_tetra_smoothing_steps 10} {    do_checks {}} 

{    delete_standalone 1} {    ortho_weight 0.50} {    max_aspect_ratio {}} {    ratio_max {}} 

{    incremental_write 0} {    total_height {}} {    use_prism_v10 0} {    intermediate_write 1} 

{    delete_base_triangles {}} {    ratio_multiplier {}} {    verbosity_level 1} 

{    refine_prism_boundary 1} {    max_size_ratio {}} {    triangle_quality {}} 

{    max_prism_angle 180} {    tetra_smooth_limit 0.30000001} {    max_jump_factor 5} 

{    use_existing_quad_layers 0} {    layers 3} {    fillet 0.1} {    into_orphan 0} 



90 
 

{    init_dir_from_prev {}} {    blayer_2d 0} {    do_not_allow_sticking {}} {    top_family {}} 

{    law exponential} {    min_smoothing_val 0.1} {    auto_reduction 0} {    stop_columns 1} 

{    stair_step 1} {    smoothing_steps 12} {    side_family {}} {    min_prism_quality 

0.0099999998} {    ratio 1.2} \} {set aie_current_flavor {}} array\ set\ vid_options\ 

\{ {    wb_import_mat_points 0} {    wb_NS_to_subset 0} {    wb_import_surface_bodies 1} 

{    wb_import_cad_att_pre {SDFEA;DDM}} {    wb_import_mix_res_line 0} 

{    wb_import_tritol 0.001} {    auxiliary 0} {    wb_import_cad_att_trans 1} 

{    wb_import_mix_res -1} {    wb_import_mix_res_surface 0} {    show_name 0} 

{    wb_import_solid_bodies 1} {    wb_import_delete_solids 0} {    wb_import_mix_res_solid 

0} {    wb_import_save_pmdb {}} {    inherit 0} {    default_part GEOM} {    new_srf_topo 1} 

{    wb_import_associativity_model_name {}} {    DelPerFlag 0} {    show_item_name 0} 

{    wb_import_line_bodies 0} {    wb_import_save_partfile 0} {    wb_import_analysis_type 3} 

{    composite_tolerance 1.0} {    wb_NS_to_entity_parts 0} {    wb_import_en_sym_proc 1} 

{    wb_run_mesher tetra} {    wb_import_sel_proc 1} {    wb_import_work_points 0} 

{    wb_import_reference_key 0} {    wb_import_mix_res_point 0} {    wb_import_pluginname 

{}} {    wb_NS_only 0} {    wb_import_geom 1} {    wb_import_create_solids 0} 

{    wb_import_refresh_pmdb 0} {    wb_import_sel_pre {}} {    wb_import_scale_geo Default} 

{    wb_import_load_pmdb {}} {    replace 0} {    wb_import_cad_associativity 0} 

{    same_pnt_tol 1e-4} {    tdv_axes 1} {    wb_import_mesh 0} {    vid_mode 0} 

{    DelBlkPerFlag 0} \} array\ set\ map_tetin_sizes\ \{ {    densities 1} {    msurfaces 1} 

{    ppoint 1} {    thincuts 1} {    tetin {}} {    psurfaces 1} {    mcurves 1} {    mpoint 1} {    doit 

0} {    pcurves 1} {    global 1} {    subsets 1} {    family 1} \} array\ set\ import_model_options\ 

\{ {    from_source 0} {    always_ref_key 0} {    always_convert 0} {    named_sel_only 0} 
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{    always_create_mpoint 1} {    always_import 0} {    convert_to Unitless} \} {set 

savedTreeVisibility {geomNode 1 geom_subsetNode 0 geomPointNode 2 geomCurveNode 2 

meshNode 1 mesh_subsetNode 2 meshPointNode 0 meshLineNode 0 meshShellNode 2 

meshQuadNode 2 blockingNode 1 block_subsetNode 2 block_vertNode 0 block_edgeNode 2 

block_faceNode 0 block_blockNode 0 block_meshNode 0 topoNode 2 topo-root 2 partNode 2 

part-AIRFOIL_DOWN 2 part-AIRFOIL_UP 2 part-FF 2 part-FLUID 2 part-GEOM 2 part-

GROUND 2 part-VORFN 0}} {set last_view {rot {0 0 0 1} scale {132.964023666 

132.964023666 132.964023666} center {10.0 0.0 0.0} pos {1224.34544603 -1.9194203072 

0}}} array\ set\ cut_info\ \{ {    active 0} \} array\ set\ hex_option\ \{ {    default_bunching_ratio 

2.0} {    floating_grid 0} {    project_to_topo 0} {    n_tetra_smoothing_steps 20} 

{    sketching_mode 0} {    trfDeg 1} {    wr_hexa7 0} {    smooth_ogrid 0} {    find_worst 1-3} 

{    hexa_verbose_mode 0} {    old_eparams 0} {    uns_face_mesh_method uniform_quad} 

{    multigrid_level 0} {    uns_face_mesh one_tri} {    check_blck 0} {    proj_limit 0} 

{    check_inv 0} {    project_bspline 0} {    hexa_update_mode 1} {    default_bunching_law 

BiGeometric} {    worse_criterion Quality} \} array\ set\ saved_views\ \{ {    views {}} \}} 

{ICEM CFD} 

ic_exec {C:/Program Files/ANSYS Inc/v171/icemcfd/win64_amd/icemcfd/output-

interfaces/fluent6} -dom {FILE_PATH/project1.uns} -b project1.fbc -dim2d 

{FILE_PATHMESH-FILENAME} 
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Appendix B 
 

MATLAB Code and State file for batch CFD 
Results Post-processing 
Matlab Code: 

clc; 

clear; 

%Read cse original  

% str_ori=fileread(CSEFILE.cse'); 

M=0.45:0.05:0.8; 

angle=0:1:12; 

ratio_name=[0.1,0.2,0.4,0.6,0.8,1,1000]; 

 

for a=1:length(angle) 

    for r=1:length(ratio_name) 

        for m=1:length(M) 

            %Define varible names and path 

            if ratio_name(r) ~= 1000 

                filename_all=['angle',num2str(angle(a)),'ratio',num2str(ratio_name(r)),'-

M=',num2str(M(m))]; 

                data_location=['C:/Users/Boshun/Desktop/Boshun/RAE2882/Ground Effect/Fluent 

Cases/alpha=',num2str(angle(a)),'/h to c=',num2str(ratio_name(r)),'/M=',num2str(M(m)),'/']; 

            else 
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                %Free flow 

                filename_all=['angle',num2str(angle(a)),'ratioinf-M=',num2str(M(m))]; 

                data_location=['C:/Users/Boshun/Desktop/Boshun/RAE2882/Ground Effect/Fluent 

Cases/alpha=',num2str(angle(a)),'/free flow/M=',num2str(M(m)),'/']; 

            end 

             

            %Judge if the folder exists 

            command=['cd ',data_location]; 

            [status,cmdout] = system(command); 

            if status == 0 

                cd (data_location) 

                [status,dir] = system('dir /ON'); 

                %Should match the No. of DATA file(s) 

                N=length(strfind(dir,'.dat')); 

                 

                if N >10 

                    %Unsteady 

                     

                    %Define other varibles 

                    k=strfind(dir,'.dat'); 

                    caselocation=strfind(dir,'.cas'); 

                    digits=8; %x.6 (may require change) 

                    %Beginning of the time 
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                    data_start=str2double(dir((k(1)-digits):(k(1)-1))); 

                    %Ending of the time 

                    data_ending=str2double(dir((k(end)-digits):(k(end)-1))); 

                    %Time step between cases 

                    data_step=(data_ending-data_start)/(length(k)-1); 

                     

                    %File_prefix 

                    temp=dir(caselocation-25:caselocation); 

                    space=strfind(temp,' ')+1; 

                    filename_prefix=[temp(space:end-1),'-']; 

                    %Write  

                    for i=1:N 

                        filename_change = num2str(data_start+(i-1)*data_step,'%1.6f'); 

                        cse_filename = [filename_prefix,filename_change,'.cse']; 

                        fileID = fopen(cse_filename,'w'); 

                        str = strrep(str_ori,'case_file',[data_location,filename_prefix,filename_change]); 

                        str = strrep(str,'output_file',[data_location,filename_prefix,filename_change]); 

                        fprintf(fileID,str); 

                        fclose(fileID);     

                    end 

                    %Change dir and being CFD-POST 

                    for i=1:N 

                        filename_change = num2str(data_start+(i-1)*data_step,'%1.6f'); 
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                        cd 'C:\Program Files\ANSYS Inc\v171\CFD-Post\bin'   

                        cse_filename = [filename_prefix,filename_change,'.cse'];     

                        command=['cfdpost -batch "',data_location,cse_filename,'"']; 

                        [status,cmdout] = system(command,'-echo'); 

                        fprintf('Ratio = %2.1f, angle=%2.0f M = %1.2f is unsteady. Total of %1.0f 

cases, %1.0f cases to go.\n',ratio_name(r),angle(a),M(m),N,N-i+1); 

                    end 

                    %Clear temp data 

                    cd (data_location) 

                    for i=1:N 

                        filename_change = num2str(data_start+(i-1)*data_step,'%1.6f'); 

                        cse_filename = [filename_prefix,filename_change,'.cse']; 

                        delete (cse_filename) 

                    end 

                elseif N <= 10 && N >= 1 

                    %Judge how well the convergence is achieved by reading 

                    %either cl or cm 

                    cd (data_location) 

                    [status,dir] = system('dir /ON'); 

                    clornot=length(strfind(dir,'cl-1-history')); 

                    %No cl-1-history, then cm-1-history 

                    if clornot == 0 

                        filename = [data_location,'cm-1-history.txt']; 
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                        delimiter = ' '; 

                        startRow = 3; 

                        formatSpec = '%f%f%[^\n\r]'; 

                        fileID = fopen(filename,'r'); 

                        dataArray = textscan(fileID, formatSpec, 'Delimiter', delimiter, 

'MultipleDelimsAsOne', true, 'EmptyValue' ,NaN,'HeaderLines' ,startRow-1, 'ReturnOnError', 

false); 

                        fclose(fileID); 

                        convergence_varible = dataArray{:, 2}; 

                        clearvars filename delimiter startRow formatSpec fileID dataArray ans; 

                    else 

                        %cl-1-history exists, then use cl data 

                        filename = [data_location,'cl-1-history.txt']; 

                        delimiter = ' '; 

                        startRow = 3; 

                        formatSpec = '%f%f%[^\n\r]'; 

                        fileID = fopen(filename,'r'); 

                        dataArray = textscan(fileID, formatSpec, 'Delimiter', delimiter, 

'MultipleDelimsAsOne', true, 'EmptyValue' ,NaN,'HeaderLines' ,startRow-1, 'ReturnOnError', 

false); 

                        fclose(fileID); 

                        convergence_varible = dataArray{:, 2}; 

                        clearvars filename delimiter startRow formatSpec fileID dataArray ans; 
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                    end 

                    %Judged by the last 200 iterations or timesteps 

                    convergence_varible=convergence_varible(end-200:end); 

                    %Percentage of the convergence 

                    convergence=(max(convergence_varible)-

min(convergence_varible))/mean(convergence_varible)*100; 

                    clearvars convergence_varible 

                     

                    if abs(convergence) < 1 

                        %Steady 

                        cse_filename = [filename_all,'.cse']; 

                        fileID = fopen(cse_filename,'w'); 

                        str = strrep(str_ori,'case_file',[data_location,filename_all]); 

                        str = strrep(str,'output_file',[data_location,filename_all]); 

                        fprintf(fileID,str); 

                        fclose(fileID); 

                        cd 'C:\Program Files\ANSYS Inc\v171\CFD-Post\bin' 

                        command=['cfdpost -batch "',data_location,cse_filename,'"']; 

                        [status,cmdout] = system(command,'-echo'); 

                        fprintf('Ratio = %2.1f, angle=%2.0f M = %1.2f is done. Convergence is %1.5f 

percent.\n',ratio_name(r),angle(a),M(m),convergence); 

                        %Clear temp data 

                        delete ([data_location,cse_filename]) 
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                    else 

                        %Unsteady and need more data 

                        fprintf('Ratio = %2.1f, angle=%2.0f M = %1.2f is unsteady and need more data. 

Oscillation is %1.5f percent.\n',ratio_name(r),angle(a),M(m),convergence); 

                    end 

                elseif N == 0 

                    %Folder exists, no data file 

                    fprintf('Ratio = %2.1f, angle=%2.0f M = %1.2f does NOT 

exist.\n',ratio_name(r),angle(a),M(m)); 

                end 

                clearvars k space temp caselocation cse_filename data_location dir filename_all i N str 

                clearvars status cmdout command fileID 

            else 

                %Folder does NOT exist 

                fprintf('Ratio = %2.1f, angle=%2.0f M = %1.2f does NOT 

exist.\n',ratio_name(r),angle(a),M(m)); 

            end 

        end 

    end 

end 

clearvars a angle clornot convergence m M r ratio_name str_ori 

cd ('C:\Users\Boshun\Desktop\Boshun\RAE2882\Ground Effect\Post-processing') 
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State file: 

COMMAND FILE: 

  CFX Post Version = 17.1 

END 

 

DATA READER: 

 

  Clear All Objects = false 

  Append Results = false 

  Edit Case Names = false 

  Multi Configuration File Load Option = Separate Cases 

  Open in New View = true 

  Keep Camera Position = true 

  Load Particle Tracks = true 

  Construct Variables From Fourier Coefficients = True 

  Open to Compare = false 

  Files to Compare = 

END 

> load filename=case_file.dat, force_reload=true 

 

 

VIEW:View 1 

  Camera Mode = User Specified 

  CAMERA: 

    Option = Pivot Point and Quaternion 
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    Pivot Point = 10, 29.5295, 0 

    Scale = 0.0169909 

    Pan = 0, 0 

    Rotation Quaternion = 0.279848, -0.364705, -0.115917, 0.880476 

  END 

 

END 

 

> update 

CONTOUR:Contour 1 

  Apply Instancing Transform = On 

  Clip Contour = On 

  Colour Map = Default Colour Map 

  Colour Scale = Linear 

  Colour Variable = Mach Number 

  Colour Variable Boundary Values = Conservative 

  Constant Contour Colour = On 

  Contour Range = User Specified 

  Culling Mode = No Culling 

  Domain List = /DOMAIN GROUP:All Domains 

  Draw Contours = On 

  Font = Sans Serif 

  Fringe Fill = On 

  Instancing Transform = /DEFAULT INSTANCE TRANSFORM:Default Transform 

  Lighting = On 
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  Line Colour = 1, 0, 0 

  Line Colour Mode = User Specified 

  Line Width = 4 

  Location List = symmetry 1 

  Max = 1 

  Min = 1 

  Number of Contours = 2 

  Show Numbers = Off 

  Specular Lighting = On 

  Surface Drawing = Smooth Shading 

  Text Colour = 0, 0, 0 

  Text Colour Mode = Default 

  Text Height = 0.024 

  Transparency = 0.0 

  Use Face Values = Off 

  Value List = 0,1 

  OBJECT VIEW TRANSFORM: 

    Apply Reflection = Off 

    Apply Rotation = Off 

    Apply Scale = Off 

    Apply Translation = Off 

    Principal Axis = Z 

    Reflection Plane Option = XY Plane 

    Rotation Angle = 0.0 [degree] 

    Rotation Axis From = 0 [m], 0 [m], 0 [m] 
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    Rotation Axis To = 0 [m], 0 [m], 0 [m] 

    Rotation Axis Type = Principal Axis 

    Scale Vector = 1 , 1 , 1 

    Translation Vector = 0 [m], 0 [m], 0 [m] 

    X = 0.0 [m] 

    Y = 0.0 [m] 

    Z = 0.0 [m] 

  END 

END 

 

# Sending visibility action from ViewUtilities 

>show /CONTOUR:Contour 1, view=/VIEW:View 1 

 

# Sending visibility action from ViewUtilities 

>hide /DEFAULT LEGEND:Default Legend View 1, view=/VIEW:View 1 

 

 

WIREFRAME:Wireframe 

  Apply Instancing Transform = On 

  Colour = 0, 0, 0 

  Domain List = /DOMAIN GROUP:All Domains 

  Edge Angle = 30 [degree] 

  Instancing Transform = /DEFAULT INSTANCE TRANSFORM:Default Transform 

  Line Colour Mode = Default 

  Line Width = 4 
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  Show Surface Mesh = Off 

  OBJECT VIEW TRANSFORM: 

    Apply Reflection = Off 

    Apply Rotation = Off 

    Apply Scale = Off 

    Apply Translation = Off 

    Principal Axis = Z 

    Reflection Plane Option = XY Plane 

    Rotation Angle = 0.0 [degree] 

    Rotation Axis From = 0 [m], 0 [m], 0 [m] 

    Rotation Axis To = 0 [m], 0 [m], 0 [m] 

    Rotation Axis Type = Principal Axis 

    Scale Vector = 1 , 1 , 1 

    Translation Vector = 0 [m], 0 [m], 0 [m] 

    X = 0.0 [m] 

    Y = 0.0 [m] 

    Z = 0.0 [m] 

  END 

END 

 

>setcamera viewport=1, camera=+Z 

 

VIEW:View 1 

  Camera Mode = User Specified 

  CAMERA: 
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    Option = Pivot Point and Quaternion 

    Pivot Point = 0.2, 0.2, 0 

    Scale = 0.7 

    Pan = -0.4, 0 

    Rotation Quaternion = 0, 0, 0, 1 

  END 

 

END 

 

> update 

HARDCOPY: 

  Antialiasing = On 

  Hardcopy Filename = output_file.png 

  Hardcopy Format = png 

  Hardcopy Tolerance = 0.0001 

  Image Height = 1080 

  Image Scale = 100 

  Image Width = 1920 

  JPEG Image Quality = 90 

  Screen Capture = Off 

  Use Screen Size = Off 

  White Background = On 

END 

>print 
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