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Understanding Polars
Without Math

Part 2



  

● Determining the Lift to Drag Ratio (cl/cd)
and Finding the Optimum Lift Coefficient (cl,opt)

● Applying Section Characteristics
to a (planar) Wing

● Putting it All Together



  

● Determining the Lift to Drag Ratio (cl/cd)
and Finding the Optimum Lift Coefficient (cl,opt)



  



  



  



  



  



  

● Applying Section Characteristics 
to a (Planar) Wing

Non-planar wings include wings with end plates, winglets, or 
multi-element wing tips, C-wings, multi-wings (biplanes, 

triplanes, etc.), box-wings and joined wings. Turbine blades are 
also excluded as they operate within “cascade flow.” 



  



  

 



  

At L/D,max induced drag = profile drag



  

Charts and Tables



  

Charts 1 - 6



  

Chart 1 – Chord, V, and Re



  



  

Chart 2 – Wing loading, V, and CL



  



  

        Chart 3 – Span, chord, and area
                        Area, weight, and wing loading



  

Chart 4 - Chord, span, and aspect ratio



  

Chart 5 – Chord, area, and aspect ratio



  

Chart 6 – Sink rate



  

Tables 1, 2, and 3.3



  

Table 1 – DI vs. aspect ratio and CL



  

Table 2 – Cd, Cl, and Cl/Cd or
CD, CL, and CL/CD



  



  

Table 3.3 – AoA, CL, and AoAequiv at AR=10



  



  



  



  



  

Putting It All Together
● Exercise 1
● Exercise 2
● Exercise 3
● Exercise 4



  

● Exercise 1



  

Find the stalling speed of a sailplane 
and the angle of attack and Reynolds number at 

which it occurs. 
Then find the cd and actual angle of attack of the 

sailplane wing section at a CL of 0.5.



  

● Note the sailplane wing loading (using Chart 3 if necessary)



  

● Find the wing loading value on Chart 2 and draw a horizontal 
line across the chart



  

● Determine wing spect ratio (using Chart 4 if necessary)



  

● Using the appropriate Table (aspect ratio 10) to find the new CL 
curve. 

● Find the angle of attack for CL,max



  

● Find the curve on Chart 2 that matches the wing section CL,max

● Find the Velocity by dropping a vertical line



  

● Using Chart 1, draw a vertical 
line through the (average) chord 
axis note where it intersects 
stall speed.

● Draw a horizontal line through 
the intersection to determine Re 
at stall.



  

● Draw a horizontal line through cl=0.5
● As previously for stall, find Re at CL=0.5 (may have to 

interpolate). Does not account for DI.
● Now find angle of attack at CL=0.5



  

● Exercise 2



  

Find the moment coefficient (cm,c/4) of the wing 
section at best cl/cd for a specific Reynolds 

number of your choosing. 
Determine the velocity for that Re.

Then find the wing loading needed to achieve 
this performance.



  

● Find best cl/cd for chosen Re
● Draw horizontal line through point
● Draw vertical line through cm,c/4 curve
● Draw horizontal line through intersection



  

● On Chart 1 find V based on chosen Re and (average) wing 
chord

● From Chart 2, with V and CL known, find the wing loading 
required for this V.



  

● Exercise 3



  

First, find the velocity of your sailplane for each 
of the polar cd curves. 

Then construct a polar diagram for your model 
which relates the section cd to the sailplane CL 

at each of these velocities.
Finally, construct another polar diagram which 

simply relates cd to cl,opt.



  

● Determine the Re values for each cd curve 



  

● Determine the V for each of these Re by using Chart 1
● Find the wing loading from Chart 3
● From Chart 2, and knowing the wing loading, find the sailplane 

CL for each V



  

● Draw the CL curve based on wing aspect ratio
● Draw a horizontal line through each CL value and across the 

appropriate cd curve
● Connect cd intersections with a new curve



  

● Vertical lines from the intersections on the CL curve give AoA for 
each Reynolds number



  

● Draw lines from O’ tangent to each cd curve to determine l/d,max

● A curve through each intersection will provide cl,opt for a range of 
Reynolds number



  

● Exercise 4



  

Assume a tailless sailplane using the EH 2,0/10,0 
airfoil across the span. 

The span is 100" and the chord is a constant 10". 
The fuselage has a constant cd of 0.005. 

The glider weighs 75 ounces. 
Determine the aircraft maximum L/D.



  



  

Find the aspect ratio on Chart 4



  

Wing area (1000 in2) is found on the left side of Chart 3, the 
wing loading is determined by using the right side of Chart 3 



  

Use Chart 1 to find V for 
each of the cd curves.
Re = 105,     V = 13 mph
Re = 2x105, V = 26 mph
Re = 3x105, V = 52 mph

Use Chart 2 and 11 oz/ft2

to determine the CL for 
each of the Vs found.



  

Polar for EH 2.0/10.0 (2% camber, 10% thickness)
 * Cd curves are not real curves, but connected straight line segments
 * No clearly defined stall point on the cl curve
 * The cm curve is superimposed over the AoA axis, so cm = ~0.0 over entire range
 * Note the S.U., T.U., and T.L. curves on the right side of the polar



  

 * Horizontal lines through each of the cl values determined previously
 * Note: The cd curve for Re = 105 does not go past cl = ~0.7, but CL required for     
             11 oz/ft2 is over 1.4, so there’s no intersection with the Re = 105 cd curve
 * Construct a cd curve for Re = 1.5x105 through interpolation. V at Re = 1.5x105 is 
    19.5 mph and the required cl is 0.7 (within cd range depicted on polar)
 * Now connect the three intersection points



  

 * From Table and using aspect ratio = 10, find the CD,I for each CL value
 * Add these induced drag values to the newly constructed cd curve
 * This results in a CD curve because the effects of aspect ratio have been               
    incorporated



  

 * Now add the fuselage drag, cd = 0.005, to the last curve
 * This last curve represents total aircraft drag, including wing profile drag (cd,w), 
induced drag (cd,i), and fuselage drag (cd,f)



  

 * Draw a straight line from the Origin O’ tangent to the last curve to find L/Dmax

 * The best L/D occurs at CL = 0.53, CD = 0.026
 * From Table 2, determine the L/D represented by that point.



  

 * The best L/D for this sailplane is 20.4 (The best l/d at Re = 2x105 is 57.25 as       
    shown in the polar below)
 * Use Chart 6 to determine the sink rate



  

What performance improvements would you expect to find if
 * Span is increased to 120”?                   * Aircraft weight is lowered to 60 ounces?
 * The fuselage is eliminated?                 

Here’s the polar for the EH 1,0/9,0 (Camber = 1.0%, thickness = 9.0%). It has half 
the camber and is 1.0% thinner than the EH 2,0/10,0. Compute the best L/D.



  

The End
of Part 2
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