
BETZ Optimum Prop Logic, Goldstein, Theodorsen Genius 3D Math, B G T !!!

GRASP THIS EASY CORE UNDERSTANDING o f PROPS!

# 1. EVERYONE KNOWS PROP TIPS ARE RIDICULOUSLY FA ST !
y y

Dynamic Pressure is a V2 Phenomena, So Prop Tip Loading is Ridiculously2 H igh!

/ .
That Creates Ridiculously High Tip D rag, and Huge Torque Load on the E ngine!

But FAR W ORSE, Tip Lift or Thrust M ust Fall To ZERO . into a TIP V O RTEX !!! 
Thus BIG COST AND LOSS. WITH -  THRUST LOSS. ZERO  Right at the T IP !

SO W hat Does The 3D BGT Genius Math Do???

#1. It Just Tapers The Blade Tip, finally to ZERO BLADE CHORD 6  
and Creates Optimum Half Teardrop Radial Blade Loading -  a BGT Prop!!!

0

Simply LOOK AT THE BOOK COVER, The PICTURES!
SEE The H a lf Teardrop Radial Loading;, The Families o f Tapered Blade Shapes!

Defined vs. Advance Ratio . The A ctual Angle O f Advance O f The Prop Tip! 
____________ (See Inside Front Cover for a Picture Definition o f that!)____________

#2. Newton Teaches us Thrust in Pounds= M Dot x Delta V, T# = M  A V. SIM PLE  
(pros learn M ass M is weight divided by the acceleration o f Gravity, wildly called J 
slugs and M is Flow rate in slugs per second. (Novices, See the Concept is E A SY!) /

#3. We Learn that Propellers like High Pitch, or High Advance R atio , because that u doK
correlates with FAST, Big Mass FLOW  RATES, small AV speedups which takes ^  r T  |T 

less energy cost, thus better efficiency. Novices: See Low Advance . p.4 8 II Terrible! /**(_?T

That is the SIMPLE CORE OF GENIUS OPTIM UM  PROP D ESIG N !!! Grasp the 
Simple Horse Sense o f  that and you've Grasped The Simple Core O f Optimum Prop 
Design Logic, Betz, Prandtl's sidekick, 1919 + Genius Goldstein, Theodorsen Math!

This is a Proper, M ost Simple First Page Explanation o f CORE Propeller Theory! ^  v \

& \
Now we'll Teach M ore than that in starting, but, That's The SIMPLE C O R E !

INSIGHT: A Broad Tip can dig a big heavy Seaplane out onto the Step well, but costs big tip loss $$$ for the hours
o f  Flight! A perfectly designed BGT Reno Formula 1 race prop immediately proved that it took o ff better than the . A /
old broad tip standard, and increased it's race speed, then consistently beat all the other sim ilar Cassett type racers.
All these Formula 1 props are right at their .9 Mach limit, unless helped by often warmer race day temperature! a  \

r  /
It took 25 years to create a Sinple Pape This COM PREHF.NSIVE. This SIM PLE, G E T  IT . G ENIUS Insight! ( 0 ^ ' " "





2015, A Little Insight O n The A uthor, and W here W e're Going!

W hen you w rite  a Book, you 're teaching the Subject, not about yourself! I've had a life m ost could only dream  
about, have a lot I can “G ive B ack” as tim e allow s. This Prop Explanation can be valuable, never understood! 
T he G ood N ew s is that you actually  can be a Young 88! I got there Aug. 16, 2015. I’ve alw ays been physically 
active, full m entally  active, in good shape, diving into th ings, like props that needed to be nailed! A lw ays an 
A irplane Kid, I got very good at it, was a quite know ledgeable  airplane designer, w on the N ational Senior Age 
model C ham pionships tw ice in 1946 and 48 at the N ationals, 1947 was a laughable fiasco, luck in opposition!

G oing through about 300 props, I actually  had found these perfect shaped props by 1948. w ay north of 100 
trophies etc. I still have the props, so no bunk, I have them , and won! I w aited for a H alf C entury  for som eone 
else to adequately  explain props technically, at the professional level, B U T U N D ER STA N D A B LE, AS LOGIC. 
I finally  had to do all this w ith  my pal, Dr. A ndy Bauer, to add his Doctoral Insight and C heck, great!!!

Young, I kept right on going, got a G reat engineering  education  at Ohio State, a 5 year, 3 quarter system 

B achelor and M asters program , 3 x 5 ,  w as 15 sets o f subjects, not the usual 2 x 4  = 8. 1 think m uch more 

broadly across History, Econom ics, Psychology, even m ore, and by 88 that can teach a lot! It's really frustrating, 

politicians, Pow er Seekers, not learners, never understand that it was Science that created  the productive m iddle 

class jobs, em ployed  everyone, the $17 Trillion econom y that m ade the US Econom y, M ade it all w ork, that full 

stupid we gave it all away, still don't understand we gave aw ay the leading edge to o , because it's the 

m anufactures that hire the engineers that create and take over. DU M B AS A STUM P, and “Zero A bility to 

Learn”, the troops and the pols blind to easy econom ic insight! Jobs the core, you ju st don 't give them  away.

I've had m ore fun and satisfaction  than anyone, set the leading edge 17 tim es across m ultip le fields, financially 
independent, 3 1/2 B illion passengers have SAFELY Flow n M y B oeing Jet H ydraulically  Pow ered Flight 
Controls, A ll the early  A stronauts, because I C reated  the C om pany that D esigned and M anufactured the very 
dangerous H ypergolic Fuel, O xidizer, and 5000 psi P ressurization  Gas Valves, for the M aneuvering R ockets on 
the M ercury G em ini and A pollo, 107 of m y products w ere central to those birds in the M ilestones of F light 
Gallery, T he C entral H all o f the Sm ithsonian N ational A ir and Space M useum , N uclear plant Seism ic Isolation, 
teaching the N uclear Sub N avy w hy their Prop s n a tt  beats L eakea A) GFM,1 w ild, how  to easily  fix it all, with 
Insightful D esign! No, I'm  not one of those pom pous guys w ho thinks he's sm arter than everyone!!! A ctually 
understanding, being  deeply  carefu l, being a guy people  can like is the real key, everyone helping creates success!

TH E CO R E K EY  H ER E IS G R A SPIN G  THAT O V ER A LL PR O PU LSIV E E FFIC IE N C Y  IS T E R R IB L E . 
except on the S lick B E ST  PLA N ES THAT C A N  G O  200 M P H + . the RV’s and UP! C atch on Right N OW . Gus 
Raspet taught us in the 50's that the nice B ellanca Cruisair, glided G reat, but U nder Power, at 58%  Propulsive ; 
Efficiency, that took the reciprocal, 178 %  M O R E PO W ER  to do the sam e speed!!!!! TERRIBLE,! 
D ISA ST E R O U S, and TH E  PRO S N E V E R  W O K E  UP, C A U G H T  ON -  That T hat is The M ost Im portant; 
Factual Insight in A erodynam ics -  and the Pros N ever C aught O n -  N ever Did A nything!!! N ever W O K E j  
UP!!! G us needed to g ive us m ore of his data and num bers, for everyone to understand better, not just singlej 
point insight, but that's ours to nail! Look at p. 109 and 113II R IG H T N O W  AND START TO CATCH ON TO 
TH E FIR ST R EA L FACTS A N D  T R U T H !!! I w anted to do m ore for this year, but a fam ily health  problem | 
stopped me! I’ll do m ore as I can get m ore facts for us all, som e real insight on present planes, nailing facts!

U nderstand a key core that w e didn't fully understand until the Book w as finished and Published. In hindsight; 
T heodore T heodoreson , N A C A 's W W  II M ath G enius, assum ed a particular solution for H eavy Loading, thatj 
assum ed and covered essentially  an old inefficient plane w ith  too m uch P itch , and loss, throw ing extra a ir ! But 
w ith essen tially  Perfect, H eavily  Loaded 3 D M ath, he got essentially^exact Solutions, c o u l^ t e a c lm i^ r u l^ o w  
e v e r ^ th in g jv ^ ^  The G rea fP lan es can sim ply  fly w ith  less Pitch. le s s ^ o s s . We H ave a w ay to teach
you truly correctly , BIG Radial Losses Feeding H uge Tip Loss, The Real Truth E veryone H as M issed for 
Decades, because no one had used 3D M ath, as B G T do, pages of 3D Partial D ifferential Equations, Genius 
Work!!! M other N ature, O rderly and Logical. w e^can ^ teach ^ h tU S ^P J^  INSIGHT. .w U earl^v rm  rq rjp n lu !!!





M A fT g '?
Dense Summary Notes on Propeller Logic

Reference Ihc Book, The Logic of Flight, The Thinking Man’s IFay to Fly *
Propellers, The First and Final Explanation

Eleven Basic Insights that allow us to Understand the Secret Logic o f  Propellers!!!
( A V Delta V )

1. Propellers Pull in and Throw Back A ir to Make Thrust, a Reaction foicc, Newton’s 3d Law 
Throwing Air to make Lift, or Thrust is what creates Induced Loss, minimize it. low av.
T# = MaV A big M, big Diameter, or hist Fast, allows a small AV, for any required Thrust. m = Mass now Rate 

v 1 Fast is better, a twice smaller AV/2V, axial em deacr loss, a smaller AV/2, divided by a bigV,.
3D LOSS, a bigger %! Axial teaches the tricky logic, Rotational, bigger inboard, Radial feeding tip vortices.

Props are seen as kind o f  a Rotating Wing. bat nobody ever tells you the next step!!! |

2. High Vector Tip Speeds, Much Higher Tip Dynamic Pressure, q:V2, greaiir overloads tip?.
^  P r o p s  work Inside Out. Very Wrong vs. wing Logic, Max Drag and Thrust at Tip, where Thrust must fail to Zero!

P r o p s  beg for  the good Horse Sense to h i g h l y  t a p e r  T ip S .  counteract, pull back excess tip loading, reduce loss,

^  * *TaPered Tips prevents making excess tip induced loss, excess drag at max lever arm, less RPM, thus HP, loss of Tf.
Wide Tips Lose 4 Wavs. Beg for Intelligent Correction with Tapered Tips!

3. Props n iU S t be Understood as Airscrews, not just producing Thrust, but need to screw home efficiently.

Only High Pitch, High P/D. High Advance per Revolution, can be most efficient. S
• High Pitch Simply, the Shortest Spiral Path to the destination, uast ero/iu Drag Energy Loss./

&  * High Pitch, Faster, big M. lower AV/2V. lower Anal and total 3D induced Loss also. /
It is the Perfect Screw Insight and Math that Validates, proves Steep Inboard Blades have constant dT/dQ.

4. Betz Constant Helical Pitch A ir Inflow, stretched outflow gives Constant slip. Min Induced.
A\> Ideal Loading of Blade vs. Radius, controlled by Ideal Shape, with matchingHjusl

•' 'v 4'  Constant dT/dQ, Thrust to Torque Ratio, constant efficiency, ail radii - if initially drag free.

/  Actually achieving constant Ideal ac and Ct  gets Min Pmnie. Induced. Torque. /
* Min Area Precisely Placed, min Profile, Torque. 'Can also get Pure Helical Inflow, Outflow, mi a. Induced. V

5. Coldstein-Theodorsen gives essentially Exact 3D Matu Solution for a Betz Propeller.
^  All accomplished from a SlU JJllC  L l l t i r t  O f K x  Blade I ^ J i l d i l l i ! .  Circulation, vs. Radius. Advance Ratio.

Heavy Loading, High Advance Ratio Solution nails what other math does not, correct Pitch, T hrust.

O '  Solution gives precise Shaping. T w ist  Loading. Pitch to i% , better than required .1 degree.
Accuracy Required: If i degree error is .IC j, a 20% error on i q  Prop, .1 degree required for +/- 2%.

6. Low Reynolds number Drag and E arly Stoll — added concurrently b y Com puter 
Low R n  Drag Private Plane Props have the Speed o f Jets, but the Chords of Model pianes, r u 20o k , i  Meg+.

Super Airfoils cannot create super props with poorer Low Rn Drag.
Metal props allow Thin Airfoils, maximizing L/D, especially fast, at tips, especially near .9 Mach.

7. P rO D  Calculations: 3 Spec Items: Speed, RPM, Alt. p , 3 Choice Items: C, , C„, AR, 3 Calcs: Size. Twist. C ildl = 9.

Design Calcs Diameter, Area, Shape cannot be separated with highly variable q , but AKScales eachuv or down!
Must Know how to pick required Thrust, (# 10), if a poor Interference Efficiency is Involved.

8. Gearing Down Slow, High RPM, Low Pitch, low p Props, Gives High Pitch. Big Dia. tughJEiL /
G € a n n g  Gearing Down Easl Prop can hold Tip Speed Below .9 Mach, Restrain p. More Blades, Hurts n-

Slowdown 9 . *Must Correct Ideal Theoretical Prop for Nose Velocity Profile, slowdown, source, sink 

Off Spec.
IQ.wMust Understand Program of how to calculate “O ff Spec Conditions7’, Speed, r p m , ah.

800# Gorillas of Prop Design: Speed V, RPM — C, vs. Daimeter — Pitch, A.K — Shape vs. Twist = Ideal Loading.

H .oMust Understand a wealth o f important basic insights on Variables.Conditions.Condusions.

Insights I deal Cl, .5 to .5S, (Higher, Lower vs. Diameter. The Interchange of Induced vs. Profile loss) — also Weight vs. D3.
Variation of CD and Stall vs. Reynolds Number. High Drag Cp and early stall at low Rn. Hi V, but narrow chords. 
Advance Ratio Curve of Mai Potential Efficiency of Any Prop, usually 85% to 91%, but also afTected by Aspect Ratio. 
Super Magic Graph, variation of all Parameters vs. Speed — a feel for how everything varies vs. Speed.

 -------*- The variation of the Characteristic Ptanform Shape of Ideal. Constant C. BjJ^Prog^v^Advanc^Ratio. ref Book p. 147.
The Location of the Max Chord vs. Advance Ratio, also the location of the Ideal 45* Blade Angle vs. Advance Ratio, p i  46. 
Vibration very complex. Desirable Hi Aspect Ratio lo wers Natural Frequencies, more vulnerable to Engine frequencies.

■ £ r/L ' CL. f  ' l / /7 /o 3
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If you come to understand all the incisive insights here, you have a very good grasp o f prop basics-






