F.1 Rectangular valley results

F.1.1 Rectangular valley9,, = 60°,0, = 0°




Figure 1: Schlieren images for rectangular valley$,, = 60°,0, = 0°, at time delay 164ps, 165ms,
1669us, 167qs, 168qs, 169qs, 170qs, 171qms, 172ms and 173fs respectively.



Figure 2: Time sequential density contour plots for rectangwr valley, Bw = 60°,0, = 0°.



Figure 3: Density contour plots for rectangular valley 9,, = 60°,0, = 0°, taken in the y-z plane at x =
Omm, 18.75mm, 37.5mm, 42.5mm, 47.5mm, 52.5mm, 57r&n62.5mm, 68.75mm, 75mm

respectively.

%
!
A /
A
l " P

;

]

|

|
E
4

E

Viam

H |
)

Figure 4: Enlarged density contour plots for rectangular valey, 0,, = 60°,0, = 0°, taken in the y-z

plane at x = 40mm, 42.5mm, 47.5mm, 52.5mm, 57.5mn2.5mm respectively.
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Figure 5: Pressure contour plots (single level) of secondargflected wave for rectangular valley 9,,
= 60°,0, = 0°, taken in the y-z plane at x = Omm, 18.75mm, mm, 42.5mm, 47.5mm, 52.5mm,

57.5mm, 62.5mm, 68.75mm, 75mm respectively.

Figure 6: Overlaid pressure contour plots (single level) ofexondary reflected wave for rectangular
valley, 0,, = 60°,0, = 0°.
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Figure 7: Overlaid pressure contour plots (multiple levels) bsecondary reflected wave for

rectangular valley, 6,, = 60°,0, = 0°.



Figure 8: Isometric views of sequential density contour plotfor rectangular valley, 6,, = 60°,0, = 0°,

taken in the x-y in steps of 5mm along the z axis.



Figure 9: Enlarged isometric views of sequential density abour plots for rectangular valley, 0,, =

60°,0, = 0°, taken in the x-y in steps of 5mm along the z isx
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Figure 10: Isometric view of overlaid density contour plotsdr rectangular valley, 6,, = 60°,0, = 0°,

taken in the x-y plane.
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Figure 11: Sequential density contour plots for rectangulawralley, 0,, = 60°,0, = 0°, taken in the x-y

plane in steps of 5mm along the z axis.

Figure 12: Enlarged sequential density contour plots forectangular valley, 6,, = 60°,08, = 0°, taken

in the x-y in steps of 5mm along the z axis.



Figure 13: Overlaid density contour plots for rectangular valey, 6,, = 60°,08, = 0°, taken in the x-y

plane.

Figure 14: Filled density contour plot of plane in y-z plae for rectangular valley, 6,, = 60°,0, = 0°,

illustrating shear layer.
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Figure 15: Isometric view of overlaid planes for rectangular vdgy, 0,, = 60°,0, = 0°.

a) Entire flow field b) Secondary reflected wave
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Figure 16: Three-dimensional NURBS model of rectangular valley,, = 60°,0, = Q°.

F.1.2 Rectangular valley9,, = 60°,0, = 15°







Figure 17: Schlieren images for rectangular valley9,, = 60°,0, = 15°, at time delay 164fs, 165ps,
1665us, 167ms, 168ms, 169ms, 170ms, 171ms, 172ws and 173%qs respectively.




Figure 18: Sequential density contour plots for rectangularalley, 0w = 60°,0, = 15°.

Figure 19: Density contour plots for rectangular valley9,, = 60°,0, = 15°, taken in the y-z plane at x
= 0mm, 18.75mm, 37.5mm, 42.5mm, 47.5mm, 52.5mm,%Am, 62.5mm, 68.75mm, 75mm

respectively.



Figure 20: Enlarged density contour plots for rectangular vaky, 0,, = 60°,0, = 15°, taken in the y-z

plane at x = 40mm, 42.5mm, 47.5mm, 52.5mm, 57.5mn2.5mm respectively.

Figure 21: Overlaid pressure contour plots (single level) of sendary reflected wave for rectangular
valley, 6,, = 60°,0, = 15°,

Figure 22: Overlaid pressure contour plots (multiple levels) o§econdary reflected wave for

rectangular valley, 6,, = 60°,0, = 15°.



Figure 23: Isometric views of sequential density contour plstfor rectangular valley, 6,, = 60°,0, =

159, taken in the x-y in steps of 5mm along the z axis



Figure 24: Enlarged isometric views of sequential density atour plots for rectangular valley, 0,, =

60°,0, = 15°, taken in the x-y in steps of 5mm along the z a&xi

Figure 25: Isometric view of overlaid density contour plotsdr rectangular valley, 6,, = 60°,0, = 15°,

taken in the x-y plane.
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Figure 26: Sequential density contour plots for rectangulawalley, 8,, = 60°,0, = 15°, taken in the x-y

plane in steps of 5mm along the z axis.
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Figure 27: Enlarged sequential density contour plots for reengular valley, 0,, = 60°,0, = 15°, taken

in the x-y in steps of 5mm along the z axis.



Figure 28: Overlaid density contour plots for rectangular valey, 6,, = 60°,0, = 15°, taken in the x-y

plane.

Figure 29: Filled density contour plot of plane in y-z plae for rectangular valley, 0,, = 60°,0, = 15°,

illustrating shear layer.
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Figure 30: Isometric view of overlaid planes for rectangular vdey, 0,, = 60°,0, = 15°.

a) Entire flow field b) Secondary reflected wave



F.1.3 Rectangular valley9,, = 60°,0, = 30°




Figure 31: Schlieren images for rectangular valley9,, = 60°,0, = 30°, at time delay 163fs, 164pus,
1655us, 166Ms, 167qs, 168ms, 169ws, 170ms, 171qs, and 172hs respectively.




Figure 32: Sequential density contour plots for rectangulavalley, 6,, = 60°,0, = 30°.

Figure 33: Density contour plots for rectangular valley9,, = 60°,0, = 30°, taken in the y-z plane at x
=0mm, 18.75mm, 37.5mm, 42.5mm, 47.5mm, 52.5mm,&dm, 62.5mm, 68.75mm, 75mm

respectively.



Figure 34: Enlarged density contour plots for rectangular vaky, 0,, = 60°,0, = 30°, taken in the y-z

plane at x = 40mm, 42.5mm, 47.5mm, 52.5mm, 57.5mn2.5mm respectively.

Figure 35: Overlaid pressure contour plots (multiple levels) o§econdary reflected wave for

rectangular valley, 6,, = 60°,0, = 30°.

Figure 36: Overlaid pressure contour plots (multiple levels) o§econdary reflected wave for

rectangular valley, 6,, = 60°,0, = 30°.



Figure 37: Isometric views of sequential density contour plstfor rectangular valley, 6,, = 60°,0, =

30°, taken in the x-y in steps of 5mm along the z axis



Figure 38: Enlarged isometric views of sequential density atour plots for rectangular valley, 0,, =
60°,0, = 300, taken in the x-y in steps of 5mm along the z axi

Figure 39: Isometric view of overlaid density contour plotsdr rectangular valley, 6,, = 60°,0, = 30°,

taken in the x-y plane.
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Figure 40: Sequential density contour plots for rectangulawalley, 8,, = 60°,0, = 30°, taken in the x-y

plane in steps of 5mm along the z axis.

Figure 41: Enlarged sequential density contour plots for rectagular valley, 6,, = 60°,0, = 30°, taken

in the x-y in steps of 5mm along the z axis.



Figure 42: Overlaid density contour plots for rectangular valey, 6,, = 60°,0, = 30°, taken in the x-y

plane.

Figure 43: Filled density contour plot of plane in y-z plae for rectangular valley, 0,, = 60°,0, = 30°,

illustrating shear layer.
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Figure 44: Isometric view of overlaid planes for rectangular vdey, 0,, = 60°,0, = 30°.

a) Entire flow field b) Secondary reflected wave



F.1.4 Rectangular valley9,, = 60°,0, = 45°




Figure 45: Schlieren images for rectangular valleyd,, = 60°,0, = 45°, at time delay 163fs, 164ps,
1655us, 166Ms, 167qs, 168ms, 169ws, 170ms, 171qs, and 172hs respectively.




Figure 46: Sequential density contour plots for rectangularalley, 0w = 60°,0, = 45°,
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Figure 47: Density contour plots for rectangular valley9,, = 60°,0, = 45°, taken in the y-z plane at x
= 0mm, 18.75mm, 37.5mm, 42.5mm, 47.5mm, 52.5mm,%&vm, 62.5mm, 68.75mm, 75mm

respectively.



Figure 48: Enlarged density contour plots for rectangular vaky, 6,, = 60°,0, = 45°, taken in the y-z

plane at x = 40mm, 42.5mm, 47.5mm, 52.5mm, 57.5mn2.5mm respectively.

Figure 49: Overlaid pressure contour plots (multiple levels) o§econdary reflected wave for

rectangular valley, 0,, = 60°,0, = 45°.

Figure 50: Overlaid pressure contour plots (multiple levels) o§econdary reflected wave for

rectangular valley, 6,, = 60°,0, = 45°.



Figure 51: Isometric views of sequential density contour plstfor rectangular valley, 6,, = 60°,0, =

45°, taken in the x-y in steps of 5mm along the z axis



Figure 52: Enlarged isometric views of sequential density atour plots for rectangular valley, 0,, =

60°,0, = 45°, taken in the x-y in steps of 5mm along the z axi

Figure 53: Isometric view of overlaid density contour plotsdr rectangular valley, 6,, = 60°,0, = 45°,

taken in the x-y plane.



Figure 54: Sequential density contour plots for rectangulawalley, 8,, = 60°,0, = 45°, taken in the x-y

plane in steps of 5mm along the z axis.

Figure 55: Enlarged sequential density contour plots for rectagular valley, 0,, = 60°,0, = 45°, taken

in the x-y in steps of 5mm along the z axis.



Figure 56: Overlaid density contour plots for rectangular valey, 6,, = 60°,0, = 45°, taken in the x-y

plane.

i

Figure 57: Filled density contour plot of plane in y-z plae for rectangular valley, 0,, = 60°,0, = 45°,

illustrating shear layer.
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Figure 58: Isometric view of overlaid planes for rectangular vdey, 0,, = 60°,0, = 45°.

a) Entire flow field b) Secondary reflected wave
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Figure 59: Three-dimensional NURBS model of rectangular valle,, = 60°,0, = 45°,

F.1.5 Rectangular valley9,, = 70°,0, = 0°







Figure 60: Schlieren images for rectangular valley9,, = 70°,0, = 0°, at time delay 161ps, 162%qs,
1635us, 164s, 165qs, 166ms, 167ws, 168ms, 169qs, and 170ms respectively.




Figure 61: Sequential density contour plots for rectangularalley, 6w = 70°,0, = 0°.

Figure 62: Density contour plots for rectangular valley9,, = 70°,0, = Q°, taken in the y-z plane at x =
Omm, 18.75mm, 37.5mm, 42.5mm, 47.5mm, 52.5mm, 57Br62.5mm, 68.75mm, 75mm

respectively.



Figure 63: Enlarged density contour plots for rectangular vaky, 0,, = 70°,0, = 0°, taken in the y-z

plane at x = 40mm, 42.5mm, 47.5mm, 52.5mm, 57.5mn2.Bmm respectively.

Figure 64: Overlaid pressure contour plots (single level) olegondary reflected wave for rectangular
valley, 0,, = 70°,0, = 0°.

Figure 65: Overlaid pressure contour plots (multiple levels) o§econdary reflected wave for

rectangular valley, 6,, = 70°,0, = 0°.



Figure 66: Isometric views of sequential density contour plstfor rectangular valley, 6,, = 70°,0, = Q°,

taken in the x-y in steps of 2.5mm along the z axis.



Figure 67: Enlarged isometric views of sequential density atour plots for rectangular valley, 0,, =
70°,0, = 0°, taken in the x-y in steps of 2.5mm along theaxis.

Figure 68: Isometric view of overlaid density contour plotsdr rectangular valley, 6,, = 70°,06, = 0°,

taken in the x-y plane.
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Figure 69: Sequential density contour plots for rectangulawralley, 0,, = 70°,0, = 0°, taken in the x-y
plane in steps of 2.5mm along the z axis.
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Figure 70: Enlarged sequential density contour plots for rectagular valley, 0,, = 70°,0, = 0°, taken in
the x-y in steps of 2.5mm along the z axis.



Figure 71: Overlaid density contour plots for rectangular valey, 8,, = 70°,0, = 0°, taken in the x-y

plane.

Figure 72: Filled density contour plot of plane in y-z plae for rectangular valley,6,, = 70°,0, = 0°,

illustrating shear layer.

Figure 73: Isometric view of overlaid planes for rectangular vdgy, 0,, = 70°,6, = 0°.

a) Entire flow field b) Secondary reflected wave
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Figure 74: Three-dimensional NURBS model of rectangular valle,, = 70°,0, = Q°.

F.1.6 Rectangular valley9,, = 70°,0, = 15°







Figure 75: Schlieren images for rectangular valley9,, = 70°,0, = 15°, at time delay 161fs, 162ps,
1635us, 164ms, 165ms, 166ms, 167ws, 168ms, 169ms, and 170¢s respectively.




Figure 76: Sequential density contour plots for rectangularalley, 0w = 70°,0, = 15°.

Figure 77: Density contour plots for rectangular valley8,, = 70°,0, = 15°, taken in the y-z plane at x
=0mm, 18.75mm, 37.5mm, 42.5mm, 47.5mm, 52.5mm,&Mm, 62.5mm, 68.75mm, 75mm

respectively.



Figure 78: Enlarged density contour plots for rectangular vaky, 0,, = 70°,0, = 15°, taken in the y-z

plane at x = 40mm, 42.5mm, 47.5mm, 52.5mm, 57.5mn2.5mm respectively.

Figure 79: Overlaid pressure contour plots (single level) olegondary reflected wave for rectangular
valley, 0,, = 70°,0, = 15°,

Figure 80: Overlaid pressure contour plots (multiple levels) o§econdary reflected wave for

rectangular valley, 0,, = 70°,0, = 15°.



Figure 81: Isometric views of sequential density contour plstfor rectangular valley, 6,, = 70°,0, =

159, taken in the x-y in steps of 2.5mm along the z axi



Figure 82: Enlarged isometric views of sequential density atour plots for rectangular valley, 0,, =

70°,0, = 15°, taken in the x-y in steps of 2.5mm along the xia.

Figure 83: Isometric view of overlaid density contour plotsdr rectangular valley, 6,, = 70°,0, = 15°,

taken in the x-y plane.



Figure 84: Sequential density contour plots for rectangularalley, 6,, = 70°,0, = 15°, taken in the x-y

plane in steps of 2.5mm along the z axis.

Figure 85: Enlarged sequential density contour plots for rectagular valley, 0,, = 70°,0, = 15°, taken

in the x-y in steps of 2.5mm along the z axis.



Figure 86: Overlaid density contour plots for rectangular valey, 6,, = 70°,0, = 15°, taken in the x-y

plane.

Figure 87: Filled density contour plot of plane in y-z plae for rectangular valley, 6,, = 70°,0, = 15°,

illustrating shear layer.

Figure 88: Isometric view of overlaid planes for rectangular vhey, 0,, = 70°,0, = 15°.

a) Entire flow field b) Secondary reflected wave



F.1.7 Rectangular valley9,, = 70°,0, = 30°
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Figure 89: Schlieren images for rectangular valley9,, = 70°,0, = 30°, at time delay 161zs, 162%ps,
1635us, 164qs, 1655s, 166qs, 167qs, 168qs, 169qs, and 170ms respectively.




Figure 90: Sequential density contour plots for rectangularalley, 0w = 70°,0, = 30°.

Figure 91: Density contour plots for rectangular valley#,, = 70°,0, = 30°, taken in the y-z plane at x
=0mm, 18.75mm, 37.5mm, 42.5mm, 47.5mm, 52.5mm, &vm, 62.5mm, 68.75mm, 75mm

respectively.



Figure 92: Enlarged density contour plots for rectangular vaky, 0,, = 70°,0, = 30°, taken in the y-z

plane at x = 40mm, 42.5mm, 47.5mm, 52.5mm, 57.5mn2.5mm respectively.

Figure 93: Overlaid pressure contour plots (single level) ofegondary reflected wave for rectangular
valley, 6,, = 70°,0, = 30°.

Figure 94: Overlaid pressure contour plots (multiple levels) o§econdary reflected wave for

rectangular valley, 0,, = 70°,0, = 30°.



Figure 95: Isometric views of sequential density contour plstfor rectangular valley, 6,, = 70°,0, =

30°, taken in the x-y in steps of 2.5mm along the z axi



Figure 96: Enlarged isometric views of sequential density atour plots for rectangular valley, 0,, =

70°,0, = 30°, taken in the x-y in steps of 2.5mm along the xia.
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Figure 97: Isometric view of overlaid density contour plotsdr rectangular valley, 6,, = 70°,0, = 30°,
taken in the x-y plane.
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Figure 98: Sequential density contour plots for rectangularalley, 6,, = 70°,0, = 30°, taken in the x-y

plane in steps of 2.5mm along the z axis.

Figure 99: Enlarged sequential density contour plots for rectagular valley, 0,, = 70°,0, = 30°, taken

in the x-y in steps of 2.5mm along the z axis.



Figure 100: Overlaid density contour plots for rectangular vdley, 6,, = 70°,0, = 30°, taken in the x-y

plane.

Figure 101: Filled density contour plot of plane in y-z fane for rectangular valley, 6,, = 70°,0, = 30°,

illustrating shear layer.

Figure 102: Isometric view of overlaid planes for rectangular véey, 6,, = 70°,6, = 30°.

a) Entire flow field b) Secondary reflected wave



F.1.8 Rectangular valley9,, = 70°,0, = 45°




Figure 103: Schlieren images for rectangular valleyg,, = 70°,0, = 45°, at time delay 161fs, 162%s,
1635us, 164ms, 165ms, 166ms, 167ws, 168ms, 169qs, and 170@s respectively.




Figure 104: Sequential density contour plots for rectangulavalley, 6w = 70°,0, = 45°.

Figure 105: Density contour plots for rectangular valley9,, = 70°,0, = 45°, taken in the y-z plane at x
= 0mm, 18.75mm, 37.5mm, 42.5mm, 47.5mm, 52.5mm,%&Wm, 62.5mm, 68.75mm, 75mm

respectively.



Figure 106: Enlarged density contour plots for rectangulawalley, 6,, = 70°,0, = 45°, taken in the y-z

plane at x = 40mm, 42.5mm, 47.5mm, 52.5mm, 57.5mn2.Bmm respectively.
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Figure 107: Overlaid pressure contour plots (single level) oksondary reflected wave for rectangular
valley, 0,, = 70°,0, = 45°,

Figure 108: Overlaid pressure contour plots (multiple levels)fssecondary reflected wave for

rectangular valley, 6,, = 70°,0, = 45°.



Figure 109: Isometric views of sequential density contour pts for rectangular valley, 0,, = 70°,0, =

45°, taken in the x-y in steps of 2.5mm along the z axi



Figure 110: Enlarged isometric views of sequential densityontour plots for rectangular valley, 0,, =

70°,0, = 45°, taken in the x-y in steps of 2.5mm along the xia.

Figure 111: Isometric view of overlaid density contour plotsor rectangular valley, 6,, = 70°,0, = 45°,

taken in the x-y plane.
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Figure 112: Sequential density contour plots for rectangulavalley, 6,, = 70°,0, = 45°, taken in the x-y

plane in steps of 2.5mm along the z axis.

Figure 113: Enlarged sequential density contour plotso rectangular valley, 6,, = 70°,0, = 45°, taken

in the x-y in steps of 2.5mm along the z axis.



Figure 114: Overlaid density contour plots for rectangular véley, 6,, = 70°,0, = 45°, taken in the x-y

plane.

Figure 115: Filled density contour plot of plane in y-z fane for rectangular valley,6,, = 70°,0, = 45°,

illustrating shear layer.
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Figure 116: Isometric view of overlaid planes for rectangular viey, 6,, = 70°,0, = 45°.

a) Entire flow field b) Secondary reflected wave
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Primary reflected wave ---
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Figure 117: Three-dimensional NURBS model of rectangular vidy, 0,, = 70°,0, = 45°.



F.2 Triangular valley results

F.2.1 Triangular valley, 6,, = 60°,0, = 0°
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Figure 118: Schlieren images for triangular valleyf,, = 60°,0, = 0°, at time delay 170@s, 172%s,
175Qus, 177ps, and 180@s respectively.
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Figure 119: Sequential density contour plots for triangulavalley, 0,, = 60°,0, = 0°.
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Figure 120: Density contour plots for triangular valley,8,, = 60°,0, = 0°, taken in the y-z plane at x =

Omm, 25mm, 35mm, 45mm, 50mm, 55mm, 60mm, 65mm, 70nmand 75mm respectively.

Figure 121: Enlarged density contour plots for triangularvalley, 6,, = 60°,0, = 0°, taken in the y-z

plane at x = 55mm, 60mm, 65mm, 70mm, and 75mm respedly.



Figure 122: Pressure contour plots (single level) of secondargflected wave for triangular valley, 6,
=60°,0, = 0°, taken in the y-z plane at x = Omm, 25mm, 35mm5mm, 50mm, 55mm, 60mm, 65mm,

70mm and 75mm respectively.

Figure 123: Overlaid pressure contour plots (single level) oesondary reflected wave for triangular
valley, 0,, = 60°,0, = 0°.

Figure 124: Overlaid pressure contour plots (multiple levels)fesecondary reflected wave for

triangular valley, 6,, = 60°,0, = 0°.



Figure 125: Isometric views of sequential density contour pts for triangular valley, 6,, = 60°,0, = 0°,

taken in the x-y in steps of 5mm along the z axis.



Figure 126: Enlarged isometric views of sequential densityontour plots for triangular valley, 0,, =

60°,0, = 0°, taken in the x-y in steps of 5mm along the z iax

Figure 127: Isometric view of overlaid density contour plotdor triangular valley, 6, = 60°,0, = 0°,

taken in the x-y plane.



Figure 128: Sequential density contour plots for triangulavalley, 0,, = 60°,0, = 0°, taken in the x-y

plane in steps of 5mm along the z axis.
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Figure 129: Enlarged sequential density contour plotsoi triangular valley, 0,, = 60°,0, = 0°, taken in

the x-y in steps of 5mm along the z axis.

Figure 130: Overlaid density contour plots for triangular valey, 6,, = 60°,0, = 0°, taken in the x-y

plane.



Figure 131: Filled density contour plot of plane in y-z fane for triangular valley, 6,, = 60°,0, = 0°,

illustrating shear layer.

Figure 132: Isometric view of overlaid planes for triangular \alley, 0,, = 60°,0, = 0°.

a) Entire flow field b) Secondary reflected wave
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Figure 133: Three-dimensional NURBS model of triangular vagy, 6,, = 60°,0, = 0°.

F.2.2 Triangular valley, 0,, = 60°,0, = 15°
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Figure 134: Schlieren images for triangular valleyf,, = 60°,0, = 15°, at time delay 170@s, 172%ps,
175Qus, 1773s, and 180@s respectively.
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Figure 135: Sequential density contour plots for triangulavalley, 6,, = 60°,0, = 15°.

Figure 136: Density contour plots for triangular valley,8,, = 60°,0, = 15°, taken in the y-z plane at x =

Omm, 25mm, 35mm, 45mm, 50mm, 55mm, 60mm, 65mm, 70nmand 75mm respectively.



Figure 137: Enlarged density contour plots for triangularvalley, 0,, = 60°,0, = 15°, taken in the y-z

plane at x = 55mm, 60mm, 65mm, 70mm, and 75mm respedaly.
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Figure 138: Overlaid pressure contour plots (single level) oksondary reflected wave for triangular
valley, 0,, = 60°,0, = 15°,

Figure 139: Overlaid pressure contour plots (multiple levels)fssecondary reflected wave for

triangular valley, 6,, = 60°,0, = 15°.



Figure 140: Isometric views of sequential density contour pts for triangular valley, 0,, = 60°,0, =

159, taken in the x-y in steps of 5mm along the z axis



Figure 141: Enlarged isometric views of sequential densigontour plots for triangular valley, 6,, =

60°,0, = 15°, taken in the x-y in steps of 5mm along the z axi

Figure 142: Isometric view of overlaid density contour plotdor triangular valley, 6,, = 60°,0, = 15°,

taken in the x-y plane.



Figure 143: Sequential density contour plots for triangulavalley, 0,, = 60°,0, = 15°, taken in the x-y

plane in steps of 5mm along the z axis.

Figure 144: Enlarged sequential density contour plotsor triangular valley, 0,, = 60°,0, = 15°, taken

in the x-y in steps of 5mm along the z axis.

Figure 145: Overlaid density contour plots for triangular vdley, 6, = 60°,0, = 15°, taken in the x-y

plane.



Figure 146: Filled density contour plot of plane in y-z fane for triangular valley, 6,, = 60°,0, = 15°,

illustrating shear layer.

Figure 147: Isometric view of overlaid planes for triangular \alley, 0,, = 60°,0, = 15°.

a) Entire flow field b) Secondary reflected wave



F.2.3 Triangular valley, 6,, = 60°,0, = 30°
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Figure 148: Schlieren images for triangular valleyg,, = 60°,0, = 30°, at time delay 170fs, 172%ps,
175Qus, 177ps, and 180@s respectively.



Figure 149: Sequential density contour plots for triangulavalley, 6,, = 60°,0, = 30°.



Figure 150: Density contour plots for triangular valley,8,, = 60°,0, = 30°, taken in the y-z plane at x =

Omm, 25mm, 35mm, 45mm, 50mm, 55mm, 60mm, 65mm, 70nmand 75mm respectively.
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Figure 151: Enlarged density contour plots for triangularvalley, 0,, = 60°,0, = 30°, taken in the y-z

plane at x = 55mm, 60mm, 65mm, 70mm, and 75mm respedly.

Figure 152: Overlaid pressure contour plots (single level) oksondary reflected wave for triangular
valley, 6,, = 60°,0, = 30°.



Figure 153: Overlaid pressure contour plots (multiple levels)fcsecondary reflected wave for

triangular valley, 6,, = 60°,0, = 30°.

Figure 154: Isometric views of sequential density contour pts for triangular valley, 6,, = 60°,0, =

30°, taken in the x-y in steps of 5mm along the z axis



Figure 155: Enlarged isometric views of sequential densigontour plots for triangular valley, 6,, =

60°,0, = 300, taken in the x-y in steps of 5mm along the ziax

Figure 156: Isometric view of overlaid density contour plotdor triangular valley, 6,, = 60°,0, = 30°,

taken in the x-y plane.
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Figure 157: Sequential density contour plots for triangulavalley, 0,, = 60°,0, = 30°, taken in the x-y

plane in steps of 5mm along the z axis.
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Figure 158: Enlarged sequential density contour plotsoir triangular valley, 6,, = 60°,0, = 30°, taken

in the x-y in steps of 5mm along the z axis.

Figure 159: Overlaid density contour plots for triangular vdley, 6,, = 60°,0, = 30°, taken in the x-y

plane.



Figure 160: Filled density contour plot of plane in y-z fane for triangular valley, 6,, = 60°,0, = 30°,

illustrating shear layer.
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Figure 161: Isometric view of overlaid planes for triangular \alley, 0,, = 60°,0, = 30°.

a) Entire flow field b) Secondary reflected wave



F.2.4 Triangular valley, 6,, = 60°,0, = 45°

Figure 162: Schlieren images for triangular valleyg,, = 60°,0, = 45°, at time delay 170@s, 172%ps,
175Qus, 177ps, and 180@s respectively.




Figure 163: Sequential density contour plots for triangulavalley, 6,, = 60°,0, = 45°.



Figure 164: Density contour plots for triangular valley,0,, = 60°,0, = 45°, taken in the y-z plane at x =

Omm, 25mm, 35mm, 45mm, 50mm, 55mm, 60mm, 65mm, 70nand 75mm respectively.
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Figure 165: Enlarged density contour plots for triangularvalley, 0,, = 60°,0, = 45°, taken in the y-z

plane at x = 55mm, 60mm, 65mm, 70mm, and 75mm respedly.

Figure 166: Overlaid pressure contour plots (single level) oksondary reflected wave for triangular
valley, 0,, = 60°,0, = 45°,



Figure 167: Overlaid pressure contour plots (multiple levels)fesecondary reflected wave for

triangular valley, 6,, = 60°,0, = 45°.
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Figure 168: Isometric views of sequential density contour pts for triangular valley, 6,, = 60°,0, =

L L

45°, taken in the x-y in steps of 5mm along the z axis



Figure 169: Enlarged isometric views of sequential densitgontour plots for triangular valley, 0,, =

60°,0, = 45°, taken in the x-y in steps of 5mm along the z axi

Figure 170: Isometric view of overlaid density contour plotgor triangular valley, 6,, = 60°,0, = 45°,

taken in the x-y plane.



Figure 171: Sequential density contour plots for triangulavalley, 0,, = 60°,0, = 45°, taken in the x-y

plane in steps of 5mm along the z axis.
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Figure 172: Enlarged sequential density contour plotsor triangular valley, 0,, = 60°,0, = 45°, taken

in the x-y in steps of 5mm along the z axis.

Figure 173: Overlaid density contour plots for triangular vdley, 6, = 60°,0, = 45°, taken in the x-y

plane.



Figure 174: Filled density contour plot of plane in y-z fane for triangular valley, 6,, = 60°,0, = 45°,

illustrating shear layer.

Figure 175: Isometric view of overlaid planes for triangular \alley, 0,, = 60°,0, = 45°,

a) Entire flow field b) Secondary reflected wave



Incident wave ---
Primary reflected wave ---

Mach stem ---
Secondary reflected wave ---

Slip stream

Shear layer ---

Figure 176: Three-dimensional NURBS model of triangular vagy, 6,, = 60°,0, = 45°.

F.2.5 Triangular valley, 6,, = 70°,0, = 0°




Figure 177: Schlieren images for triangular valleyf,, = 70°,0, = 0°, at time delay 160fs, 162%ps,
165Qus, 167qs, and 170@s respectively.




Figure 178: Sequential density contour plots for triangulavalley, 6,, = 70°,0, = 0°.
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Figure 179: Density contour plots for triangular valley,8,, = 70°,0, = 0°, taken in the y-z plane at x =

Omm, 25mm, 35mm, 45mm, 50mm, 55mm, 60mm, 65mm, 70mand 75mm respectively.



Figure 180: Enlarged density contour plots for triangularvalley, 6,, = 70°,0, = 0°, taken in the y-z

plane at x = 55mm, 60mm, 65mm, 70mm, and 75mm respedly.

Figure 181: Overlaid pressure contour plots (single level) oesondary reflected wave for triangular
valley, 0,, = 70°,0, = 0°.

Figure 182: Overlaid pressure contour plots (multiple levels)fssecondary reflected wave for

triangular valley, 6, = 70°,0, = 0°.



Figure 183: Isometric views of sequential density contour pts for triangular valley, 6,, = 70°,0, = 0°,
taken in the x-y in steps of 5mm along the z axis.



Figure 184: Enlarged isometric views of sequential densitgontour plots for triangular valley, 6,, =

700°,0, = 0°, taken in the x-y in steps of 5mm along the z iax

Figure 185: Isometric view of overlaid density contour plotdor triangular valley, 6,, = 70°,0, = 0°,

taken in the x-y plane.



Figure 186: Sequential density contour plots for triangulavalley, 0,, = 70°,0, = 0°, taken in the x-y
plane in steps of 5mm along the z axis

Figure 187: Enlarged sequential density contour plotsoi triangular valley, 0,, = 70°,0, = 0°, taken in
the x-y in steps of 5mm along the z axis.

Figure 188: Overlaid density contour plots for triangular valey, 6,, = 70°,0, = 0°, taken in the x-y
plane.



Figure 189: Filled density contour plot of plane in y-zplane for triangular valley, 0,, = 70°,6, = 0°,

illustrating shear layer.
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Figure 190: Isometric view of overlaid planes for triangular \alley, 0,, = 70°,0, = 0°.

a) Entire flow field b) Secondary reflected wave



Incident wave ---
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Figure 191: Three-dimensional NURBS model of triangular vagy, 6,, = 70°,0, = Q°.

F.2.6 Triangular valley, 0,, = 70°,0, = 15°




Figure 192: Schlieren images for triangular valleyg,, = 70°,0, = 15°, at time delay 160@s, 162%ps,
1675us, and 170@s respectively.



Figure 193: Sequential density contour plots for triangulavalley, 6w = 70°,0, = 15°.



Figure 194: Density contour plots for triangular valley,0,, = 70°,0, = 15°, taken in the y-z plane at x =

Omm, 25mm, 35mm, 45mm, 50mm, 55mm, 60mm, 65mm, 70mand 75mm respectively.

Figure 195: Enlarged density contour plots for triangularvalley, 0,, = 70°,0, = 15°, taken in the y-z

plane at x = 55mm, 60mm, 65mm, 70mm, and 75mm respedly.

Figure 196: Overlaid pressure contour plots (single level) oksondary reflected wave for triangular
valley, 0,, = 70°,0, = 15°,



Figure 197: Overlaid pressure contour plots (multiple levels)fssecondary reflected wave for

triangular valley, 6,, = 70°,0, = 15°.

Figure 198: Isometric views of sequential density contour pts for triangular valley, 6,, = 70°,0, =

150, taken in the x-y in steps of 5mm along the z axis



Figure 199: Enlarged isometric views of sequential densityontour plots for triangular valley, 0,, =

70°,0, = 15°, taken in the x-y in steps of 5mm along the z axi

Figure 200: Isometric view of overlaid density contour plotgor triangular valley, 0,, = 70°,0, = 15°,

taken in the x-y plane.



Figure 201: Sequential density contour plots for triangulavalley, 6,, = 70°,0, = 15°, taken in the x-y
plane in steps of 5mm along the z axis.

Figure 202: Enlarged sequential density contour plotsoir triangular valley, 0,, = 70°,0, = 15°, taken
in the x-y in steps of 5mm along the z axis.

Figure 203: Overlaid density contour plots for triangular vdley, 6,, = 70°,0, = 15°, taken in the x-y
plane.



Figure 204: Filled density contour plot of plane in y-z fane for triangular valley, 6,, = 70°,0, = 15°,
illustrating shear layer.

Figure 205: Isometric view of overlaid planes for triangular \alley, 0,, = 70°,0, = 15°.

a) Entire flow field b) Secondary reflected wave



F.2.7 Triangular valley, 0,, = 70°,0, = 30°

Figure 206: Schlieren images for triangular valleyg,, = 70°,0, = 30°, at time delay 160@s, 162%ps,
165Qus, 167qs, and 170@s respectively.



Figure 207: Sequential density contour plots for triangulavalley, 6w = 70°,08, = 30°.



Figure 208: Density contour plots for triangular valley,0,, = 70°,0, = 30°, taken in the y-z plane at x =

Omm, 25mm, 35mm, 45mm, 50mm, 55mm, 60mm, 65mm, 70mand 75mm respectively.

Figure 209: Enlarged density contour plots for triangularvalley, 0,, = 70°,0, = 30°, taken in the y-z

plane at x = 55mm, 60mm, 65mm, 70mm, and 75mm respedly.

Figure 210: Overlaid pressure contour plots (single level) oksondary reflected wave for triangular
valley, 6,, = 70°,0, = 30°.
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Figure 211: Overlaid pressure contour plots (multiple levels)fssecondary reflected wave for

triangular valley, 6,, = 70°,0, = 30°.

Figure 212: Isometric views of sequential density contour pts for triangular valley, 6,, = 70°,0, =

30°, taken in the x-y in steps of 5mm along the z axis



Figure 213: Enlarged isometric views of sequential densityontour plots for triangular valley, 0,, =

70°,0, = 30°, taken in the x-y in steps of 5mm along the z a&xi

Figure 214: Isometric view of overlaid density contour plas for triangular valley, 0,, = 70°,0, = 30°,

taken in the x-y plane.



Figure 215: Sequential density contour plots for triangulavalley, 6,, = 70°,0, = 30°, taken in the x-y
plane in steps of 5mm along the z axis.

Figure 216: Enlarged sequential density contour plotsoir triangular valley, 6,, = 70°,0, = 30°, taken

in the x-y in steps of 5mm along the z axis.

Figure 217: Overlaid density contour plots for triangular vdley, 6,, = 70°,0, = 30°, taken in the x-y

plane.



Figure 218: Filled density contour plot of plane in y-z fane for triangular valley, 6,, = 70°,0, = 30°,
illustrating shear layer.
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Figure 219: Isometric view of overlaid planes for triangular \alley, 0,, = 70°,0, = 45°,

a) Entire flow field b) Secondary reflected wave



F.2.8 Triangular valley, 6,, = 70°,0, = 45°

Figure 220: Schlieren images for triangular valleyf,, = 70°,0, = 45°, at time delay 160@s, 162%ps,
165Qus, 167s, and 170@s respectively.
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Figure 221: Sequential density contour plots for triangulavalley, 0w = 70°,0, = 45°.



Figure 222: Density contour plots for triangular valley,0,, = 70°,0, = 45°, taken in the y-z plane at x =

Omm, 25mm, 35mm, 45mm, 50mm, 55mm, 60mm, 65mm, 70mand 75mm respectively.

Figure 223: Enlarged density contour plots for triangularvalley, 0,, = 70°,0, = 45°, taken in the y-z

plane at x = 55mm, 60mm, 65mm, 70mm, and 75mm respedaly.

Figure 224: Overlaid pressure contour plots (single level) agfecondary reflected wave for triangular
valley, 0,, = 70°,0, = 45°,



Figure 225: Overlaid pressure contour plots (multiple levels)fssecondary reflected wave for

triangular valley, 6,, = 70°,0, = 45°.

Figure 226: Isometric views of sequential density contour pts for triangular valley, 6,, = 70°,0, =

45°, taken in the x-y in steps of 5mm along the z axis



Figure 227: Enlarged isometric views of sequential densityontour plots for triangular valley, 0,, =

70°,0, = 45°, taken in the x-y in steps of 5mm along the z axi

Figure 228: Isometric view of overlaid density contour plotdor triangular valley, 0,, = 70°,0, = 45°,

taken in the x-y plane.



Figure 229: Sequential density contour plots for triangulavalley, 6,, = 70°,0, = 45°, taken in the x-y

plane in steps of 5mm along the z axis.

Figure 230: Enlarged sequential density contour plotsoir triangular valley, 6,, = 70°,0, = 45°, taken
in the x-y in steps of 5mm along the z axis.

Figure 231: Overlaid density contour plots for triangular vdley, 0,, = 70°,0, = 45°, taken in the x-y
plane.



Figure 232: Filled density contour plot of plane in y-z fane for triangular valley, 0,, = 70°,0, = 45°,
illustrating shear layer.

Figure 233: Isometric view of overlaid planes for triangular \alley, 0,, = 70°,0, = 45°,

a) Entire flow field b) Secondary reflected wave
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Figure 234: Three-dimensional NURBS model of triangular vagy, 6,, = 70°,0, = 45°.



F.3.5 Parabolic valley results

F.3.1 Parabolic valley, a = 0.04

Figure 235: Schlieren images for parabolic valley, a = 0.04t time delay 165@s, 167ms, 170@s,
172%us, and 175@s respectively.



Figure 236: Sequential density contour plots for parabod valley, a = 0.04.



Figure 237: Density contour plots for parabolic valley, & 0.04, taken in the y-z plane at x = 0Omm,

15mm, 25mm, 35mm, 45mm, 55mm, 65mm, 75mm, respectively.

Figure 238: Enlarged density contour plots for parabolicvalley, a = 0.04, taken in the y-z plane at x =

35mm, 45mm, 55mm, 65mm respectively.

Figure 239: Pressure contour plots (single level) of secondargflected wave for parabolic valley, a =
0.04, taken in the y-z plane at x = 0Omm, 15mm, 25mm5@m, 45mm, 55mm, 65mm, 75mm,

respectively.



Figure 240: Overlaid pressure contour plots (single level) oesondary reflected wave for parabolic

valley, a = 0.04.

Figure 241: Overlaid pressure contour plots (multiple levels)fesecondary reflected wave for

parabolic valley, a = 0.04.

Figure 242: Isometric views of sequential density contour pts for parabolic valley, a = 0.04, taken in
the x-y in steps of 5mm along the z axis.



Figure 243: Isometric view of overlaid density contour plotdor parabolic valley, a = 0.04, taken in
the x-y plane.

Figure 244: Sequential density contour plots for paraboti valley, a = 0.04, taken in the x-y plane in

steps of 5mm along the z axis.

Figure 245: Enlarged sequential density contour plotsoir parabolic valley, a = 0.04, taken in the x-y
plane in steps of 5mm along the z axis.



Figure 246: Overlaid density contour plots for parabolic védley, a = 0.04, taken in the x-y plane.

Figure 247: Isometric view of overlaid planes for parabolic viey, a = 0.04.

F.3.2 Parabolic valley, a = 0.055




Figure 248: Schlieren images for parabolic valley, a = 0.05&t time delay 165@s, 167us, 170(s,
172%us, and 175@s respectively.
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Figure 249: Sequential density contour plots for paraboti valley, a = 0.055.

Figure 250: Density contour plots for parabolic valley, & 0.055, taken in the y-z plane at x = 0mm,

15mm, 25mm, 35mm, 45mm, 55mm, 65mm, 75mm, respectively.



Figure 251: Enlarged density contour plots for parabolicvalley, a = 0.055, taken in the y-z plane at x

= 35mm, 45mm, 55mm, 65mm respectively.

Figure 252: Overlaid pressure contour plots (single level) oksondary reflected wave for parabolic

valley, a = 0.055.

Figure 253: Overlaid pressure contour plots (multiple levels)fesecondary reflected wave for
parabolic valley, a = 0.055.



Figure 254: Isometric views of sequential density contour pts for parabolic valley, a = 0.055, taken

in the x-y in steps of 5mm along the z axis.

Figure 255: Isometric view of overlaid density contour plot$or parabolic valley, a = 0.055, taken in

the x-y plane.

Figure 256: Sequential density contour plots for paraboti valley, a = 0.055 taken in the x-y plane in

steps of 5mm along the z axis.



Figure 257: Enlarged sequential density contour plotsoir parabolic valley, a = 0.055 taken in the x-y
plane in steps of 5mm along the z axis.

Figure 259: Isometric view of overlaid planes for parabolic viey, a = 0.055.



F3.3 Parabolic valley, a = 0.075

Figure 260: Schlieren images for parabolic valley, a = 0.07&t time delay 165@s, 167qs, 170(s,
172%us, and 175@s respectively.



Figure 261: Sequential density contour plots for parabat valley, a = 0.075.



Figure 262: Density contour plots for parabolic valley, & 0.075, taken in the y-z plane at x = 0mm,

15mm, 25mm, 35mm, 45mm, 55mm, 65mm, 75mm, respectively.

Figure 263: Enlarged density contour plots for parabolicvalley, a = 0.075, taken in the y-z plane at x

= 35mm, 45mm, 55mm, 65mm respectively.

Figure 264: Overlaid pressure contour plots (single level) okesondary reflected wave for parabolic

valley, a = 0.075.



Figure 265: Overlaid pressure contour plots (multiple levels)fcsecondary reflected wave for

parabolic valley, a = 0.075.

Figure 266: Isometric views of sequential density contour pts for parabolic valley, a = 0.075, taken

in the x-y in steps of 5mm along the z axis.

Figure 267: Isometric view of overlaid density contour plot$or parabolic valley, a = 0.075, taken in

the x-y plane.



Figure 268: Sequential density contour plots for paraboti valley, a = 0.075, taken in the x-y plane in

steps of 5mm along the z axis.

Figure 269: Enlarged sequential density contour plotsoir parabolic valley, a = 0.075, taken in the x-y

plane in steps of 5mm along the z axis.

Figure 270: Overlaid density contour plots for parabolic vdley, a = 0.075, taken in the x-y plane.



Figure 271: Isometric view of overlaid planes for parabolic vley, a = 0.075.



F.4 Conical valley results

F.4.1 Conical valley, 10 degrees
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Figure 272: Schlieren images for conical valley, 10 degrees,tmbe delay 165@s, 167ns, 170@s,
172%us, and 175@s respectively.




Figure 273: Sequential density contour plots for conicalalley, 10 degrees.



Figure 274: Density contour plots for conical valley, 10elyree, taken in the y-z plane at x = 0mm,

45mm, 50mm, 55mm, 60mm, 65mm, 70mm, 75mm, respectively.

Figure 275: Enlarged density contour plots for conical &lley, 10 degree, taken in the y-z plane at x =

60mm, 65mm, 70mm, 75mm respectively.

Figure 276: Overlaid pressure contour plots (single level) oksondary reflected wave for conical
valley, 10 degree.



Figure 277: Overlaid pressure contour plots (multiple levels)fcsecondary reflected wave for conical

valley, 10 degrees.

Figure 278: Isometric views of sequential density contour pts for conical valley, 10 degree, taken in
the x-y in steps of 5mm along the z axis.

Figure 279: Isometric view of overlaid density contour plotonical valley, 10 degree, taken in the x-y

plane.
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Figure 280: Sequential density contour plots for conicalalley, 10 degrees, taken in the x-y plane in

steps of 5mm along the z axis.

Figure 281: Enlarged sequential density contour plotsor conical valley, 10 degrees, taken in the x-y

plane in steps of 5mm along the z axis.

Figure 282: Overlaid density contour plots for conical vaky, 10 degree, taken in the x-y plane.



Figure 283: Isometric view of overlaid planes for conical véy, 10 degree.

F.4.2 Conical valley, 20 degrees
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Figure 284: Schlieren images for conical valley, 20 degrees,teme delay 170@s, 172ps, 175@s,
177%us, and 180@s respectively.




Figure 285: Sequential density contour plots for conicalalley, 20 degrees.

Figure 286: Density contour plots for conical valley, 20 efyree, taken in the y-z plane at x = 0mm,

45mm, 50mm, 55mm, 60mm, 65mm, 70mm, 75mm, respectively.
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Figure 287: Enlarged density contour plots for conical vifey, 20 degree, taken in the y-z plane x =

60mm, 65mm, 70mm, 75mm respectively.
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Figure 288: Overlaid pressure contour plots (single level) oesondary reflected wave for conical
valley, 20 degrees.

Figure 289: Overlaid pressure contour plots (multiple levels)fesecondary reflected wave for conical
valley, 20 degrees.

Figure 290: Isometric views of sequential density contour pts for conical valley, 20 degree, taken in
the x-y in steps of 5mm along the z axis.



Figure 291: Isometric view of overlaid density contour plotgonical valley, 20 degree, taken in the x-y

plane.
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Figure 292: Sequential density contour plots for paraboti valley, 20 degree, taken in the x-y plane in

steps of 5mm along the z axis.
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Figure 293: Enlarged sequential density contour plotsof parabolic valley, 20 degree, taken in the x-y

plane in steps of 5mm along the z axis.



Figure 295: Isometric view of overlaid planes for conical végy, 20 degree.



F5 Hill results

E.5.1 Triangular hill

Figure 296: Schlieren images for triangular hill, at time delg 165Qus, 167ms, 170@s, 172ws, and
175Qus respectively.



Figure 297: Sequential density contour plots for triangula hill.
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Figure 298: Density contour plots for triangular hill, taken in the y-z plane at x = 0mm, 45mm,
50mm, 55mm, 60mm, 65mm,70mm, 75mm, respectively.

Figure 299: Enlarged density contour plots for triangularhill, taken in the y-z plane at x = 45mm,
55mm, 65mm and 75mm respectively.

s e,

————

=

i g
fiwe i
ey
S RN I

RO
ﬁlﬂﬂlﬁ'ﬁ%ﬁ!
IReRan gl

==

i

.IIIIIIIIIWIP

Figure 300: Overlaid pressure contour plots (single level) of fected wave structure for triangular
hill.



Figure 301: Overlaid pressure contour plots (multiple levels)faeflected wave structure for

triangular hill.

Figure 302: Isometric views of sequential density contour pts for triangular hill, taken in the x-y in

steps of 5mm along the z axis.

Figure 303: Isometric view of overlaid density contour plotgor triangular hill, taken in the x-y
plane.



Figure 304: Sequential density contour plots for triangula hill, taken in the x-y plane in steps of

5mm along the z axis.
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Figure 305: Enlarged sequential density contour plotsoir triangular hill, taken in the x-y plane in

steps of 5mm along the z axis.

Figure 306: Overlaid density contour plots for triangular hill, taken in the x-y plane.




Figure 307: Isometric view of overlaid planes for triangular hill.

F5.2 Parabolic hill




Figure 308: Schlieren images for parabolic hill, at time delay60Qus, 162ws, 165@s, 167ws, 170@s,
172%us, and 175@s respectively.




Figure 309: Sequential density contour plots for paraboi hill.
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Figure 310: Density contour plots for parabolic hill, t&en in the y-z plane at x = Omm, 45mm, 50mm,

55mm, 60mm, 65mm,70mm, 75mm, respectively.

Figure 311: Enlarged density contour plots for parabolichill, taken in the y-z plane at x = 45mm,

55mm, 65mm and 75mm respectively.
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Figure 312: Pressure contour plots (single level) of reflected wastructure for parabolic hill, taken

in the y-z plane at x = Omm, 15mm, 25mm, 35mm, 45mré5mm, 65mm, 75mm, respectively.



Figure 313: Overlaid pressure contour plots (multiple levelspf reflected wave structure for

parabolic hill.

Figure 314: Isometric views of sequential density contour pts for parabolic hill, taken in the x-y in

steps of 5mm along the z axis.

Figure 315: Isometric view of overlaid density contour plot$or parabolic hill, taken in the x-y plane.



Figure 316: Sequential density contour plots for paraboti hill, taken in the x-y plane in steps of 5mm
along the z axis.

Figure 317: Enlarged sequential density contour plotsor parabolic hill, taken in the x-y plane in

steps of 5mm along the z axis.

Figure 318: Overlaid density contour plots for parabolic fill, taken in the x-y plane.



Figure 319: Isometric view of overlaid planes for parabolic Hl.

F5.3 Conical hill




Figure 320: Schlieren images for conical hill, at time delag60Qus, 162ws, 165@s, 167ws, 170¢s,
172%us, and 175@s respectively.




Figure 321: Sequential density contour plots for conicdiill.
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Figure 322: Density contour plots for conical hill, takenin the y-z plane at x = Omm, 45mm, 50mm,

55mm, 60mm, 65mm,70mm, 75mm, respectively.

Figure 323: Enlarged density contour plots for conical Hi, taken in the y-z plane at x = 45mm,

55mm, 65mm and 75mm respectively.

Figure 324: Pressure contour plots (single level) of reflected wastructure for conical hill, taken in

the y-z plane at x = Omm, 15mm, 25mm, 35mm, 45mm, 55m65mm, 75mm, respectively.



SN K s
[T 7]
'-:z:f’”::ﬂ A

Figure 326: Isometric views of sequential density contour pts for conical hill, taken in the x-y in
steps of 5mm along the z axis.

Figure 327: Isometric view of overlaid density contour plotgor conical hill, taken in the x-y plane.
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Figure 328: Sequential density contour plots for conicdtill, taken in the x-y plane in steps of 5mm

along the z axis.

Figure 329: Enlarged sequential density contour plotsofr conical hill, taken in the x-y plane in steps

of 5mm along the z axis.

Figure 330: Overlaid density contour plots for conical hil] taken in the x-y plane.



Figure 331: Isometric view of overlaid planes for conical hil



