MAE 4230/5230 Homework 9 Solutions
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(a)
Pressure Coefficient Distrubution at 10° ¢,
6 -
e  Unrefined Mesh
+  Refined Mesh
ffffff Experiment
x/c
(b)
Mesh/a C. (FLUENT) Cp (FLUENT)
10 degrees 8713 .0281
unrefined
10 degrees refined 1.0822 .01584
6 degrees unrefined .6430 01225
o C. (Experiment) Cp (Experiment)
10 degrees 1.089* .0138
6 degrees .663 .0090

*Typo in HW handout; this value referenced from Caughey pdf file.



|[FLUENT Result — Experimental Result| y

100
Experimental Result

% dif ference =

10 degrees, unrefined mesh:

|.8713 — 1.089|
% AC, = 1089 X 100 = 19.99%
|.0281 —.0138|
% ACp = 0138 x 100 = 103.6%
10 degrees, refined mesh:
|1.0822 — 1.089|
% AC;, = 1089 X 100 = .624%
|.01584 —.0138|
% ACp = 0138 X 100 = 14.78%
6 degrees, unrefined mesh:
|. 6430 — .663|
% AC, = 63 X 100 = 4.55%
|.01225 —.0090|
% ACp = 0090 X 100 = 36.11%

One mesh refinement for the 10 degree case clearly yielded lift and drag coefficients that agreed
better with the experimental data than when experimental results were compared with data using
the unrefined mesh. Drag coefficients overall did not line up well with experimental results.
Because of the inviscid assumption used in FLUENT, the drag coefficients obtained from the
simulation neglect the component of drag due to viscosity which makes up a larger component of
the total drag than does the pressure drag, at least for low angles of attack (which we studied in
these two cases). Note however that FLUENT does yield drag coefficients that are the correct
order of magnitude even with the inviscid assumption.
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Pressure Coefficient Distrubution at 6° ¢,
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(d)
(Prof. Caughey’s results)
Airfoil Surface Pressure Distributions
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We notice the pressure coefficient distribution looks qualitatively similar between the 6 and 10
degree angle of attack cases, with the magnitude of Cp for the 10 degree case being somewhat
larger than the 6 degree case. The FLUENT simulation results look qualitatively similar to Prof.
Caughey’s results. We notice that the pressure coefficient curve becomes steep at the trailing
edge of the airfoil. Potential theory predicts an infinite pressure gradient at the trailing edge of an
airfoil at non-zero angle of attack as the fluid leaving the trailing edge must instantaneously
change direction to match the free stream vectors. Prof. Caughey’s mesh was likely more fine
than either of the meshes used in FLUENT, thereby allowing Prof. Caughey’s code to construct a
more “realistic” potential flow solution.



MATLAB code:

clear all
close all
clc

Cpl0 unref = dlmread('Cp 10deg unref','\t',[4 0 203 11);
Cpl0_ref dlmread('Cp 10deg ref','\t',[4 0 203 11);
Cp6 unref = dlmread('Cp 6deg unref',6 '\t',[4 0 203 1]);
(
(

Cpb6_exp = dlmread('cp O6degExperimentl.txt');
Cpl0_exp = dlmread('cp l0degExperimentl.txt');
hold on

plot (Cpl0 unref(:,1),Cpl0 unref(:,2),'b.")

plot (Cpl0 _ref(:,1),Cpl0 ref(:,2),"'r*")

plot (Cpl0 exp(:,1),Cpl0 exp(:,2),"k:")

set(gca, 'YDir', 'reverse')

title('Pressure Coefficient Distrubution at 10\circ \alpha')
xlabel ('x/c")

ylabel ('C p')

legend ('Unrefined Mesh', 'Refined Mesh', 'Experiment')

figure

hold off

hold on

plot (Cp6 _unref(:,1),Cp6 unref(:,2), 'm.")

plot (Cp6_exp(:,1),Cpb _exp(:,2),"'k:")

set(gca, 'YDir', 'reverse')

title('Pressure Coefficient Distrubution at 6\circ \alpha')
xlabel ('x/c")

ylabel ('C p')

legend ('Unrefined Mesh', 'Experiment')



