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Fig. 4.15: Photo images of the case 4 (supersonic, 2.0/15%) tests showing a) the unvectored
plasma and b) the plasma vectored up slightly.

Fig. 4.16: Photo images of the case 5 (supersonic, 5.25/30%) test showing a) the unvectored
plasma and b) the plasma vectored to approximately 45°.

in the subsonic cases. As a result, the flow could be vectored to 45°, but not to angles less
than 45°. Tt is likely that the supersonic flow at the exit of the gun entrains ambient air
more readily, leading to full attachment. This could be countered by having a larger gap

between the plasma and the control slot or using a smaller collar radius.
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Chapter 5
Conclusions and Future Work

A flow control method called Coanda-Assisted Spray Manipulation is further investi-
gated. Isothermal compressed air tests were performed for four geometric permutations
and seven momentum flux ratios to determine the behavior of vectoring a jet to small an-
gles. Additional data points for the case of a/D = 2.0 and 30% were taken for the three
Reynolds numbers. This indicated that precision uncertainty may not be used to predict the
repeatability of the vector angle. The repeatability uncertainty is larger than the precision
uncertainty for the case tested. Rotational tests were performed for three different Reynolds
numbers and three different rotation rates. The rotation rate appears to have no effect on
the vector angle or variation of the vector angle. It did become apparent from the rotation
test that Reynolds number plays a large role in the vector angle that can be expected for
the same momentum ratio.

The optimum parameters for small angle vectoring were determined to be a/D = 2.0
and 15% control slot size. This case yielded vectoring results that were linear with a small
slope with little change in the spread of the instantaneous vector angle data with increasing
vector angle. These parameters were used to design a CSM device suitable for plasma spray
application to vector to small angles. The results from the study by Allen and Smith [3]
were used to design a CSM device to vector plasma spray to large angles, up to 45°. The
devices were manufactured and retrofitted to a commercially available plasma spray gun.
This retrofit requires new O-rings, new mounting screws, a cooling water source and sink,
and a metered control flow. The CSM devices were able to manipulate the trajectory of the
plasma in the same way that was found with isothermal compressed air and the designed
CSM device was able to withstand the harsh plasma temperatures and environment. The

two CSM devices were used to determine the effect of vectoring on the plasma, particles,
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and coating produced.

The plasma spray test results showed less dense powders vector more than denser pow-
ders, as expected. The CSM collar can be designed and operated under conditions in which
the control flow can be used to manipulate the temperature and velocity of the powder
particles, in addition to the spray or vector angle.

The control flow can be used to vector the direction of the particles, thus maintaining a
normal impingement angle during coating deposition without moving the plasma gun. This
vectoring does not significantly cool or spread the particle stream and has essentially zero
impact (negative or positive) on the coating properties. The magnitude of the vectoring can
be influenced by the powder particle size and density in addition to the amount of control
flow and the physical design of the CSM collar.

The control flow can be used to vector the plasina jet to large angles. Under appropriate
conditions, the plasma plume can be vectored to the full extent of the collar; however the
particles will vector less due to their low drag in the plasma. This allows for coatings to be
deposited with less direct heat transfer from the plasma to the substrate.

CSM technology offers new process control parameters for the thermal spray industry.
Specific CSM parameters can be customized for the plasma spray application and the desired
manipulation. Particle temperature, velocity, substrate temperature, and impingement an-
gle could be finely tuned with CSM technology. This technology has been shown to address
substrate thermal management and particle impingement angle, however it did not appear
to effect the coating properties when the powder and plasma jet were realigned, neither
positively nor negatively.

Future work to further understand the behavior of the CSM is needed in determining the
relationship between Reynolds number and vector angle. The parameter J* does not appear
to collapse all the results to a single trend. Also, the ability to manage the temperature of

the substrate was not investigated, therefore further research in that area is needed.
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A.1 Vector Angle Data
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Table A.1: Vector angle data for the a/D = 2.0 case with slot size of 15% circumference

and a Reynolds number of 45300.

J* Oavg Skewness | Kurtosis | Standard Deviation
0.01 | 2.3678 | 0.5094 3.3047 2.2438
0.0178 | 3.1985 | -0.2998 2.7285 2.4417
0.0274 | 5.6917 | 0.1197 3.0891 2.1958
0.0392 | 6.0701 | -0.00027 | 3.2637 2.1246
0.0530 | 7.0490 | 0.0609 2.8517 1.9425
0.0689 | 8.6504 | -0.0579 3.2407 1.9571
0.089 | 9.3262 | 0.2345 3.1920 1.8591

Table A.2: Vector angle data for the a/D = 5.25 case with slot size of 15% circumference

and a Reynolds number of 45300.

J* Oavg Skewness | Kurtosis | Standard Deviation
0.01 | 2.3080 | -0.0598 3.3939 2.9658
0.0178 | 3.1280 | 0.0167 3.1178 3.1956
0.0274 | 4.1113 | -0.0909 3.3846 3.6830
0.0392 | 9.0509 | -0.2698 3.0468 3.0599
0.0530 | 8.9414 | 0.0794 3.3401 3.5961
0.0689 | 8.4960 | 0.2332 3.9576 3.8725

0.089 | 8.8068 | 0.1628 3.4923 3.8525
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Table A.3: Vector angle data for the a/D = 2.0 case with slot size of 30% circumference

and a Reynolds number of 45300.

J* Oavg Skewness | Kurtosis | Standard Deviation
0.01 0.2642 | -0.2197 3.1746 1.7220
0.01 | -0.5697 | -0.0321 3.0142 1.9698

0.0178 | -0.8930 | -0.1073 3.2752 2.0865
0.0178 | -1.2952 | -0.1162 2.6960 2.3997
0.0274 | -0.7945 | -0.3144 3.5410 2.2802
0.0274 | -0.6926 | -0.0772 3.0435 2.4055
0.0392 | -0.4511 | -0.1050 2.8490 2.5180
0.0392 | -0.6361 | -0.0088 3.0847 2.2211
0.0530 | 2.4569 0.1068 3.0603 2.3143
0.0530 | 1.1705 | -0.1365 2.5764 2.3086
0.0689 | 6.4949 | -0.1823 2.0365 3.9532
0.0689 | 4.3284 0.0360 2.6976 2.4745
0.089 | 5.9058 0.1158 2.6512 3.0600
0.089 | 6.5867 | -0.0211 2.7040 3.2472
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Table A.4: Vector angle data for the a/D = 5.25 case with slot size of 30% circumference

and and a Reynolds number of 45300.

J* Oavg Skewness | Kurtosis | Standard Deviation

0.01 6.1107 0.0147 2.7472 2.4761
0.0178 | 7.7876 | -0.0731 3.2200 2.3779
0.0274 | 9.0229 | -0.1196 2.7669 2.5878
0.0392 | 10.5141 | -0.1437 3.5150 2.9214
0.0530 | 13.5023 | -0.0855 3.2332 2.5527
0.0689 | 13.5023 | -0.2074 3.1639 2.7746

0.089 | 9.8560 | -0.1837 3.0149 3.8233

Table A.5: Vector angle data for the a/D = 2.0 case with slot size of 30% circumference

and a Reynolds number of 22600.

J* Oavg Skewness | Kurtosis | Standard Deviation

0.01 | 0.6566 | -0.3469 2.9585 2.0377
0.0178 | -0.3288 | -0.3067 3.4141 2.4489
0.0274 | -0.6642 | -0.3120 2.8799 2.6158
0.0392 | -1.1305 | -0.1783 2.6460 2.9396
0.0530 | 0.1653 | -0.0118 2.6987 3.0253
0.0689 | 3.7383 0.0319 2.7969 3.2420

0.089 | 9.8148 | -0.1400 2.9514 2.6402
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Table A.6: Vector angle data for the a/D = 2.0 case with slot size of 30% circumference

and a Reynolds number of 67900.

J* Oavg Skewness | Kurtosis | Standard Deviation

0.01 | 3.8426 | 0.2916 3.0135 2.8714
0.0178 | 3.4225 | 0.3063 3.2897 3.4381
0.0274 | 2.8005 | 0.2812 3.1969 3.8408
0.0392 | 7.7241 | 0.3472 2.8140 4.4900
0.0530 | 9.2649 | 0.4004 2.7319 4.4804
0.0689 | 9.4390 | 1.0896 4.0020 3.8272
0.089 | 7.8949 | 1.4900 8.2181 3.6355

A.2 Design Drawings

Drawings of the two plasma spray devices are shown below.
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A.3 Matlab Code

A.3.1 Rotation Study Code

The following code computes the center of velocity for all 1024 velocity fields for each
rotation study case, the mean radius of the circle traced out by rotating the vectored jet for
every circumferential location, and the RMS of the data about that mean at each circum-

ferential location. It also computes a mean circle for all data points.

%This code reads in Davis .vc7 vector fields and computes a center of

%velocity similar to the computation of a center of mass

%A Clean Matlab is a Happy Matlab

clc, clear all, close all

%% Read the average files and find thier center of velocity
%Preallocate

mean_loc_bar(1:50,1:2) = NaN;

%Point to the location of the images (selecet any file within the folder to

Y%read from).

f = ’BO0001_Avg V.VC7’;
[s,t] = uigetfile;

for k

1:50

%File name of the .VC7 vector file (following the default B00001.VC7
%naming scheme) .

num = sprintf(’%02g’,k);

p = [t,’average_’,num, ’\’];



%0pen the file with readimx

A = readimx([p,f]1);

if A.ScaleI(1l) ==

A.ScaleI(1) = 13.8525;

end

% ** This section of code is from showimx.m from Lavision *x*

%Check image type and data format

size(A.Data,1);

nx
nz = A.Nz;
ny = A.Ny;

%set data range

drng_x = 1l:nx;

drng_y = 1:ny;
drng_z = 1:nz;
%initialize left handside values

1lhsi

(drng_x-0.5)*A.Grid*A.ScaleX(1)+A.ScaleX(2); % x-range

1lhs2

(drng_y-0.5)*A.Grid*A.ScaleY(1)+A.ScaleY(2); % y-range
% Calculate vector position and components

if A.IType<=0, % grayvalue image format

% Calculate frame range

if frame>0 & frame<A.Nf,

drng_y = drng_y + frame*ny;

o8
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end
1hs3 = A.Data(:,drng_y)’;
% Display image
imagesc(lhsl,1hs2,1hs3);

elseif A.IType==2, ’, simple 2D vector format: (vx,vy)
% Calculate vector position and components
[1hsi,1hs2] = ndgrid(lhsl,1lhs2);

1hs3 = A.Data(:,drng_y  )*A.ScaleI(1)+A.Scalel(2);

lhs4 = A.Data(:,drng_y+ny)*A.ScaleI(1)+A.ScaleI(2);
if A.ScaleY(1)<0.0,
lhs4 = -lhs4;

end

elseif (A.IType==3 | A.IType==1) , % normal 2D vector format + peak: sel+4x(vx,vy) (+peak.
% Calculate vector position and components

[1hs1,1hs2] = ndgrid(lhsi,1lhs2);

1hs3 lhs1x*0;

lhs4 1hs2%0;
% Get choice
lhsb5 = A.Data(:,drng_y);
% Build best vectors from choice field
for i = 0:5,
mask=(1lhs5==(i+1));
if (i<4) % get best vectors
dat = A.Data(:,drng_y+(2*i+1)*ny);
lhs3(mask) = dat(mask);
dat = A.Data(:,drng_y+(2%i+2)*ny) ;

lhs4(mask) = dat(mask);



else % get interpolated vectors
dat = A.Data(:,drng_y+7*ny) ;
1hs3(mask) = dat(mask);
dat = A.Data(:,drng_y+8*ny);
lhs4(mask) = dat(mask);
end
end

1hs3 lhs3*A.ScaleI(1)+A.Scalel(2);

lhs4 = 1lhs4#*A.ScaleI(1)+A.Scalel(2);
%#Display vector field
if A.ScaleY(1)<0.0,

lhs4 = -1hsé4;

end

elseif A.IType==4,

% Calculate vector position and components

1hs3 = (drng_z-0.5)*A.Grid*A.ScaleY(1)+A.ScaleY(2);

lhs4 = A.Data(:,drng_y )Y*A.ScaleI(1)+A.ScaleI(2);
lhs5 = A.Data(:,drng_y+ ny)*A.ScaleI(1)+A.ScaleI(2);
lhs6 = A.Data(:,drng_y+2*ny)*A.ScaleI(1)+A.ScaleI(2);

[1hs1,1hs2,1hs3] = ndgrid(lhsl,1lhs2,1hs3);
elseif A.IType==5,

% Calculate vector position and components

1hs3 = (drng_z-0.5)*A.Grid*A.ScaleZ(1)+A.ScaleZ(2);
lhs4 = zeros([nx ny nzl);

1hs5 = lhs4;

1hs6 = 1lhsé4;

for iz=1:nz,
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px = zeros([nx nyl);
py = zeros([nx nyl);
pz = zeros([nx nyl);

prange = drng_y + ((iz-1)*14#ny);
% Build best vectors from best choice field
1hs7 = A.Data(:,prange);
for i = 0:5,
if (i<4) % get best vectors
mask = (lhs7==(i+1));
dat = A.Data(:,prange+(3*i+1)*ny);
px(mask) = dat(mask);
dat = A.Data(:,prange+(3*i+2)*ny);
py (mask) = dat(mask) ;
dat = A.Data(:,prange+(3*i+3)*ny);
pz (mask)=dat (mask) ;
else % get interpolated vectors
mask = (lhs7==(i+1));
dat = A.Data(:,prange+10*ny);
px(mask) = dat(mask);
dat = A.Data(:,prange+ll*ny);
py (mask) = dat(mask) ;
dat = A.Data(:,prange+12xny);
pz(mask) = dat(mask);
end
end
lhs4(:,:,iz)=px;
1lhsb(:,:,iz)=py;

1hs6(:,:,iz)=pz;
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end
[1hs1,1hs2,1lhs3] = ndgrid(lhsl,lhs2,1lhs3);
lhs4 = lhs4#*A.ScaleI(1)+A.Scalel(2);

1hsb

lhsb*A.ScaleI(1)+A.ScaleI(2);

1hs6

lhs6*A.ScaleI(1)+A.Scalel(2);

end

%scale the davis coordinate system by the diameter of the jet (.5in)
lhsl = 1lhs1/12.7;

1hs2

1hs2/12.7;

%Compute the ’center of velocity’

m = 0;
xm = 0;
ym = 0;

%compute the magnitue of each velocity vector
dimensions = size(lhs6);

mean_mag(:,:) = sqrt(lhs4."2+1hs5."2+1hs6.72);

% Find the bulk flow rate

mean_sum_vel = O;

c = 0;

mean_half_max = (1/3)*max(max(mean_mag));

for n = 1:dimensions(1)

for o = 1l:dimensions(2)

if mean_mag(n,o) > mean_half_max
mean_sum_vel = mean_sum_vel + mean_mag(n,o);

c = ctl;



end
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end
end
end
mean_bulk_vel = mean_sum_vel/c;
mean_threshold = mean_bulk_vel/2.;
%compute the sums used in the centroid calculation
for j = 1:ny
for i = 1:nx
if mean_mag(i,j) <= mean_threshold
mean_mag(i,j) = 0;
end
m = m + mean_mag(i,j);

xm = xm + mean_mag(i,j)*1lhsi(i,j);

ym = ym + mean_mag(i,j)*1hs2(i,j);
end

end

%compute the centroid

mean_loc_bar(k,1) = xm/m;

mean_loc_bar(k,2) ym/m;
if abs(mean_loc_bar(k,1)) > 75
mean_loc_bar(k,1) = 0;

end

if abs(mean_loc_bar(k,2)) > 75
mean_loc_bar(k,2) = 0;

end



%% Read in the actual vector fields and find thier center of velocity
#Number of Vector fields to be read

npics = 1024; A mmmmmmm - CHAMGE ME!

n(1l:npics) = 0;

%Preallocate

loc_bar(l:npics,1:2) = Nal;

for k = 1:npics
%File name of the .VC7 vector file (following the default B0O0001.VC7
Jnaming scheme) .
num = sprintf(’%05g’,k);

f = [’B?,num,’.VC7°];

%0pen the file with readimx

A = readimx([t,f]);
if A.ScaleI(l) ==
A.ScaleI(1) = 13.8525;

end

% ** This section of code is from showimx.m from Lavision **

%Check image type and data format

size(A.Data,1);

nx

nz = A.Nz;
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ny = A.Ny;

%set data range

drng_x 1:nx;

drng_y = 1l:ny;

drng_z 1:nz;

Y%initialize left handside values

lhsl = (drng_x-0.5)*A.Grid*A.ScaleX(1)+A.ScaleX(2); 7 x-range

1lhs2

(drng_y-0.5)*A.Grid*A.ScaleY(1)+A.ScaleY(2); % y-range
% Calculate vector position and components
if A.IType<=0, % grayvalue image format
% Calculate frame range
if frame>0 & frame<A.Nf,
drng_y = drng_y + frame*ny;
end
1lhs3 = A.Data(:,drng_y)’;
% Display image
imagesc(lhsl,1lhs2,1hs3);
elseif A.IType==2, ¥ simple 2D vector format: (vx,vy)
% Calculate vector position and components
[1hs1,1hs2] = ndgrid(lhsl,lhs2);

1hs3

A.Data(:,drng_y )*A.ScaleI(1)+A.ScaleI(2);

lhs4 = A.Data(:,drng_y+ny)*A.ScaleI(1)+A.ScaleI(2);
if A.ScaleY(1)<0.0,
lhs4 = -1hs4;

end

elseif (A.IType==3 | A.IType==1) , % normal 2D vector format + peak: sel+dx(vx,vy) (+peak.

% Calculate vector position and components



[1hs1,1hs2] = ndgrid(lhsi,1lhs2);
1hs3 = 1hs1%0;

lhs4

1hs2x%0;
% Get choice
lhsb = A.Data(:,drng_y);
% Build best vectors from choice field
for i = 0:5,
mask=(1lhsb==(i+1));
if (i<4) % get best vectors
dat = A.Data(:,drng_y+(2%i+1)*ny) ;
lhs3(mask) = dat(mask);
dat = A.Data(:,drng_y+(2%i+2)*ny) ;
lhs4(mask) = dat(mask);
else % get interpolated vectors
dat = A.Data(:,drng_y+7*ny);
1lhs3(mask) = dat(mask);
dat = A.Data(:,drng_y+8*ny) ;

lhs4(mask) = dat(mask);

end
end
1hs3 = 1hs3#*A.Scalel(1)+A.Scalel(2);
lhs4 = 1lhs4#A.ScaleI(1)+A.ScalelI(2);

%Display vector field
if A.ScaleY(1)<0.0,
lhs4ab = -1hs4;

end

elseif A.IType==4,
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% Calculate vector position and components

1hs3 = (drng_z-0.5)*A.Grid*A.ScaleY(1)+A.ScaleY(2);

lhs4 = A.Data(:,drng_y )*A.ScaleI(1)+A.Scalel(2);
lhsb5 = A.Data(:,drng_y+ ny)*A.ScaleI(1)+A.ScaleI(2);
lhs6 = A.Data(:,drng_y+2*ny)=*A.ScaleI(1)+A.ScaleI(2);

[1hs1,1hs2,1hs3] = ndgrid(lhsl,1lhs2,1hs3);
elseif A.IType==5,
% Calculate vector position and components

1hs3 = (drng_z-0.5)*A.Grid*A.ScaleZ(1)+A.ScaleZ(2);

lhs4 = zeros([nx ny nz]);
1hs5 = lhs4;
1hs6 = 1lhsé4;

for iz=1:nz,
px = zeros([nx nyl);
py = zeros([nx nyl);
pz = zeros([nx nyl);
prange = drng_y + ((iz-1)*14#ny);
% Build best vectors from best choice field
lhs7 = A.Data(:,prange);
for i = 0:5,
if (i<4) % get best vectors
mask = (lhs7==(i+1));
dat = A.Data(:,prange+(3*i+1)*ny);
px(mask) = dat(mask);
dat = A.Data(:,prange+(3*i+2)*ny);
py(mask) = dat(mask);
dat = A.Data(:,prange+(3*i+3)*ny);

pz(mask)=dat (mask) ;



end

else % get interpolated vectors
mask = (lhs7==(i+1));
dat = A.Data(:,prange+10*ny);
px(mask) = dat(mask);
dat = A.Data(:,prange+ll*ny);
py(mask) = dat(mask);
dat = A.Data(:,prange+12xny);
pz(mask) = dat(mask);
end
end
lhs4(:,:,iz)=px;
lhsb(:,:,iz)=py;
1hs6(:,:,iz)=pz;
end
[1hs1,1hs2,1hs3] = ndgrid(lhsl,1lhs2,1hs3);
lhs4 = 1lhs4#A.ScaleI(1)+A.ScalelI(2);

1lhsb

lhs5*A.ScaleI(1)+A.Scalel(2);

1hs6

lhs6*A.ScaleI(1)+A.ScaleI(2);

%scale the davis coordinate system by the diameter of the jet (.5in)
lhsl = 1hsl1/12.7;

1lhs2

1hs2/12.7;

%Compute the ’center of velocity’

xm = 0;
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%compute the magnitue of each velocity vector

mag(:,:) = sqrt(lhs4."2+1hs5."2+1hs6.72);

% Find the bulk flow rate
sum_vel = 0;
c = 0;
half_max = (1/3)*max(max{mag));
for q = 1l:dimensions(1)
for o = 1:dimensions(2)
if mag(qg,0) > half_max
sum_vel = sum_vel + mag(q,o0);
c = ct+l;
end
end
end
bulk_vel(k) = sum_vel/c;

threshold = bulk_vel(k)/2.;

%compute the sums used in the centroid calculation

for j = 1l:ny

for i = 1:nx

if mag(i,j) <= threshold
mag(i,j) = 0;
end

m=m + mag(i,j);

xm = xm + mag(i,j)*lhsi(i,j);

ym + mag(i,j)*1hs2(i,j);

ym

end

69



end

%compute the centroid

loc_bar(k,1) = xm/m;

loc_bar(k,2) = ym/m;

if abs(loc_bar(k,1)) > 75
loc_bar(k,1) = 0;

end

if abs(loc_bar(k,2)) > 75
loc_bar(k,2) = 0;

end

maximumvel= max(max(1lhs6));
halfmaxvel = (max(max(1lhs6)))/4.0;
for i = 1:dimensions(1)
for j = 1:dimensions(2)
if (1hs6(i,j) >= halfmaxvel)
n(k) = n(k)+1;
end
end
end

end

%h calculate the RMS of the data set

x_center = mean(mean(loc_bar(:,1)));

y_center = mean(mean(loc_bar(:,2)));
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loc_bar(:,1)-x_center;

loc_bar_new(:,1)

loc_bar_new(:,2) loc_bar(:,2)-y_center;

mean_loc_bar_new(:,1) mean_loc_bar(:,1)-x_center;

mean_loc_bar_new(:,2) = mean_loc_bar(:,2)-y_center;

% R = sqrt(mean_loc_bar_new(:,1)."2 + mean_loc_bar_new(:,2).72);
r = sqrt(loc_bar_new(:,1).72 + loc_bar_new(:,2).72);
% squared_sum(1:50) = 0.0;

% for 1 = 1:20

% for j = 1:50

% squared_sum(j) = squared_sum(j) + (R(j)-r((i-1)*50+3))"2;
% end

% end

h
% rms = sqrt(squared_sum(:))/sqrt(20);
diameter(1:25) = NaN;
for j = 1:25
diameter(j) = sqrt((mean_loc_bar_new(j,1)-mean_loc_bar_new(j+24,1)) "2+(mean_loc_bar_ne
end
mean_diameter = mean(diameter);

mean_sum = O;

s = 0;
for 1=1:25
if diameter(1)<1.1*mean_diameter || diameter(1)>0.9*mean_diameter

mean_sum = mean_sum + diameter(l);
s =8+ 1;

end



end

mean_radius = mean_sum/(s*2);
%need to put in circumferential position
for 1 = 1:50
circ_position(i) = atan(mean_loc_bar_new(i,2)/mean_loc_bar_new(i,1));
if mean_loc_bar_new(i,1)<0.0 && mean_loc_bar_new(i,2)>0.0
circ_position_new(i) = -circ_position(i);
elseif mean_loc_bar_new(i,1)>=0.0
circ_position_new(i) = pi-circ_position(i);
elseif mean_loc_bar_new(i,1)<0.0 && mean_loc_bar_new(i,2)<0.0
circ_position_new(i) = 2#pi-circ_position(i);
end
end
squared_sum_2(1:50) = 0.0;
for i=1:20
for j=1:50
squared_sum_2(j) = squared_sum_2(j)+(mean_radius-r((i-1)*50+j))"2;
end

end

rms_2(:,2) = (sqrt(squared_sum_2(:))/sqrt(20))/mean_radius;

rms_2(1:50,1) = circ_position_new(1:50);

theta = transpose(0:360/50:352.8);
theta_2(1:1000) = NaN;
for k = 1:20

theta_2((k-1)*50+1: (k)*50) = transpose(0:360/50:352.8);
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end

r_mean(1:50) = mean_radius;

x = [-mean_radius:mean_radius/100:mean_radius,-mean_radius:mean_radius/100:mean_radius];

for in = 1:201
y(in) = -sqrt(mean_radius”2-x(in)"2);

end

for in = 202:402
y(in) = sqrt(mean_radius”2-x(in)"2);

end

x_new(1:801,1:2) = NaN;
for in = 1:402

x_new(in,1) = real(x(in));

x_new(in,?2) real(y(in));

x_new(in+402,1) = real(y(in));

x_new(in+402,2) real(x(in));

end

filename = input(’Enter the file name you would like to output to: ’, ’s’);
for u = 1:npics

num = sprintf(’%05g’,u);

bottom = (floor(u/50))*50+1;

f = [filename,num,’.txt’];

%esvurite(f,loc_bar_new(bottom:u,:))
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end

x_circle(1:ab51) = (-mean_radius:(mean_radius/25) :mean_radius);

y_circle(1:51) = sqrt(mean_radius”2-x_circle.”"2);

y_circle(52:102) -sqrt (mean_radius”2-x_circle."2);

x_circle(52:102)

x_circle(b1:-1:1);
circle(:,1) = x_circle;

circle(:,2) = y_circle;

csvwrite([filename,’avg.txt’],rms_2)

%% calculate the average area of the jet

dx=.0002078;
area(l:npics) = n(l:npics)*dx"2;

mean(area)

A.3.2 Angle Calculation Code
The following code computes the vector angle for all 300 velocity fields for each small
angle study case as well as the standard deviation, skewness, and kurtosis and produces a

plot of the resulting distribution.

%This code reads in .dat (Tecplot) files and computes a weighted mean

Jvector angle

%A Clean Matlab is a Happy Matlab
clc, clear all, close all

fclose(’all?);



%% Read the velocity feild files
#Number of Vector fields to be read
npics = 300; % Cemmmmmm - CHAMGE ME!
%Preallocate
theta_avg(l:npics) = 0.0;
for k = 1:npics
%File name of the .dat vector file (following the default B000O1l.dat
%naming scheme) .
num = sprintf(’%03g’,k);
f = [num,’.txt’];
i=2;
fid = fopen(f);
format = repmat(’%f ’, 1, i);
A = textscan(fid, format);
vel = cell2mat(A);
[h,w] = size(vel);
product(l:h) = 0.0;
mag(1l:h) = 0.0;
theta(1l:h) = 0.0;
for j = 1:h
mag(j) = sqrt(vel(j,1) " 2+vel(j,2)"2);
theta(j) = atan(vel(j,2)/vel(j,1));
if (vel(j,1)==0)
theta(j) = 0;
end
end

avg_mag = mean(mag(:));
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for j = 1:h
product (j) = mag(j)*theta(j);

end

theta_avg(k) = sum(product(:));

theta_avg(k) = theta_avg(k)/(avg_mag+h);

theta_avg(k) = 180*theta_avg(k)/pi;
end

figure(1);

x = -20:.5:10.0;

Jhist (theta_avg,x);

hold on

total_avg_theta = mean(theta_avg);

st_dev_theta = std(theta_avg);

skew_ness = skewness(theta_avg);

kurt_osis = kurtosis(theta_avg);
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