Another Look at Wing Volume Loading

In the last couple of issues of Prop Wash, our editor presented some interesting articles titled "Model Math". He pointed out that our models could be mathematically compared to predict the kind of performance that can be expected from their designs. He pointed out correctly that wing loading is an important design factor that markedly affects flight performance.

Usually, when we refer to wing loading, we are talking about wing area loading, which is model weight divided by wing area and usually expressed in ounces per square foot of wing area units. This is a relatively easy calculation to make and is widely used to predict flight performance.

Wing Area Loading does not take into consideration the fact that airfoil thickness is also a factor in determining wing loading. If airfoil thickness is taken into account, the calculation becomes more complex and it is referred to as Cubic Wing Loading or Wing Volume Loading. This type of wing loading is model weight divided by wing volume and is usually expressed in ounces per cubic foot of wing volume units. Not many people go to the trouble to determine Wing Volume Loading because wing volume determination is not very easy. To determine wing volume, you have to determine the cross sectional area of the airfoil at the average chord and then multiply that by the wingspan to arrive at the wing volume. Wingspan is easy, airfoil cross sectional area is not.

There is a shortcut method to approximate the airfoil cross sectional area, which is accurate enough for our use to determine Wing Volume Loading. It just so happens that most of the airfoils used by us for models have something in common. The average airfoil thickness is about 60% of the maximum thickness of the airfoils in common use. Therefore, if we multiply the maximum chord thickness by 0.6 and then multiply the result by the average chord length, we will have determined the average cross sectional area of the wing. This cross sectional area times wingspan will then determine wing volume.

For example, if we use the editor’s model dimensions described in Prop Wash, we can determine Wing Volume Loadings at various airfoil thicknesses. The model dimensions were:

Wingspan ------ 68 inches

Wing chord at Root ------14 inches

Wing Chord at Tip -------10 inches

Average Chord = (14 + 10) /2 = 12 inches.

Model Weight = 9.3 lbs. = 148.8 ounces

Maximum airfoil thickness can be measured if you have a rib pattern at the average chord length, or may be calculated if you know the percent thickness of the airfoil in use. For example, let us assume that the airfoil used is an NACA 2415 or NACA 0015 airfoil. Both airfoils have a maximum thickness of 15% of Chord. Therefore the maximum airfoil thickness is .15 X 12 = 1.8 Inches. Average airfoil thickness is then 0.6 X 1.8 = 1.08 inches. Cross sectional area of the airfoil at the average chord length is then 1.08 X 12 = 12.96 square inches.

Wing volume becomes 12.96 X 68 = 881 cubic inches = 0.51 cubic feet.

Wing volume loading then is calculated to be 148.8 / 0.51 = 292 ounces per cubic foot

You can then calculate wing volume loading at any airfoil thickness using the same procedure.

Airfoil Thickness Wing Volume Loading

10% 438 Ounces/Cubic Foot

12% 365 "

15% 292 "

18% 243 "

20% 219 "

As you can see, the wing volume loading numbers are large when expressed in the above units.

At first glance, you might guess that the thickest airfoil is the one to use, but that ain’t necessarily so.

Lift increases with increasing airfoil thickness, but so does drag.

Model Math ---------- Ain’t it wonderful?
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