Bullet Drag Findings for Long-range BPCR Bullets


Most of the exterior ballistics software produced in this country is derivative of the algorithms developed by the late Dr. Robert McCoy. Dr. McCoy was the chief ballistician at the US Army's Aberdeen Proving Grounds. He stated on numerous occasions that his algorithms were good for supersonic bullet flight, but produced substantial error in the transonic and sub-sonic ranges. After years of using software derived from his work, I'd agree that for the transonic and subsonic velocity ranges there are substantial errors that are not even discussed in the literature.  Long-range, BPCR bullet instability is one of the most egregious errors found as a result of my own long-range testing.

I have used Dr. McCoy’s software (FORTRAN algorithms) as implemented in a very good software package starting back in 1995.  It is no longer supported for the newer MS operating systems. It worked splendidly for supersonic bullets. We're talking about starting with just a 100-yd zero and chronograph data; and, from that data being able to get 800, 900 and 1,000 yard zeros for a Palma rifle that produced first sighter-shots at each distance that were center-X-ring elevation on the target in either the X-ring or 10-ring.

However, when first going down the BPCR primrose path, it was obvious that "fudge factors" needed to be developed for our transonic projectiles.  Judicious note-keeping and experimentation on the firing-line, and on the computer, allowed me to develop usable “fudge factors.”
The most important parameter to estimate reasonably well, when using said software, is the bullet's BC. Over typical supersonic velocity ranges, BC does not change that much, compared to our transonic velocity range; from 1,350 fps down to 900 fps. And, as I've said before, the software we use does not well reflect what actually happens as our cast bullets fly down range. Also, we need to account for a rifle's sight-radius and rear staff's graduations to modify the trajectory-estimation results produced by the trajectory software. I currently use the online JBM exterior ballistics software for sight-setting estimations as well as for bullet design purposes. But, as was said previously, modifications must be made (fudge factors added) to the input data as well as the results to better estimate the exterior ballistic performance for our transonic bullets.

As to bullet drag, we can think of bullet drag as being broken down into three basic components: nose, skin and base drag. There are other components depending on the projectiles design. For instance, artillery projectiles typically have driving bands. That necessitates the inclusion of band drag in the estimate of total drag. Our BPCR grease-groove bullets will produce grease-groove drag, though we don't see that accounted for in the exterior ballistics software we use. It is a substantial component of our bullets' drag. I have quantified that effect through live-fire testing from the 1,000-yd line. That effect, for standard grease-grooves, is about 12 MOA of elevation between a grease-groove bullet and a slick-sided bullet, both with the same nose and being of the same length.

Let’s get back to the 3 basic components of bullet drag. Base drag acts to stabilize bullets like arrow fletching. That is why a boattail bullet will require a faster barrel-twist for a given Stability Factor than a flat-base spitzer that has the same nose and bullet length due to reduced base drag. Skin drag is caused by the interaction between a bullet’s surface and the air flowing over it; from both its forward motion and its spin. Nose drag is the drag that causes our bullets to destabilize and thus require high rates of spin so they will fly down-range and track a trajectory.  It is the largest component of drag above the speed of sound. I know that the software we use shows nose drag does to zero under the speed of sound.  But, I do not believe that is the case. It is just an artifact of software developed for supersonic projectiles.

Here's why I think that. If nose drag went to zero, our long-range bullets would become more stable with range. That is not the case. For our typical long-range bullet, the bullet drops below the speed of sound in the first 1/4 of its 1,000-yd trajectory. So, if the nose drag goes to zero, there is no overturning force to destabilize the bullet. Therefore, holes produced by the bullet should be round at 1,000-yds if they are round at 300 yards. On many occasions I have witnessed just the opposite with both GG and PP bullets.

One rifle was particularly instructive in this regard. The 18-twist, 45-90 PP rifle launched a 1.5" long copy of the Sharps long-range PP bullet. At 100-yds, 500-meters and 600-yds, the holes through the targets were round. We would expect, since the bullet is traveling well below the speed of sound by the time it hits the 600-yrd target that the bullet should continue to punch round holes through targets at extended ranges. That was not the case. At 800-yds the bullet holes were slightly oblong. At 900-yds they were even more oblong; and, when fired from the 1,000-yd line the bullet holes were acutely oblong. These results fly in the face of the published literature as well as the software predictions concerning nose drag diminishing to zero below the speed of sound.

