
'/!

' i.
JJ

O
O

(8

November 1996

St. Louis has launched into the current
Program Year with lots of energy and plans

for informative, interesting, and useful programs
for all members. Already we have hosted presen-
tations dealing with Smart Structures, UFO's,
the JASSM program, and the affordability initia-
tives of JDAM. Donn Gruensfelder is once again
preparing for his annual Tour-de-force in the "Pi-
lots Super Safety Seminar"* to be held in January
1997.

The local members who are affiliated with the
AIAA Nation Technical Committee (TC's) have
been contacted and told to promote our Section
as host site for future conferences and seminars.
The St. Louis visitors and convention bureau
has been contacted and is assisting us in prepa-
ration of proposals to offer the TC's, showing
why St. Louis is an ideal place to host large,
annual meetings. Planning and executing these
meetings take a lot of time and effort, but the
payoff is worth it. More of our members will be
able to attend the conferences if held locally, and
many more will be able to deliver papers at the
conference. Our Student Chapters also benefit

from being able to attend a locally held National
Conference. These meetings are booked several
years in advance (Just like the Olympics), so the
advanced "Marketing" the Council is doing now
begins to payoff in 1999 and later years. If you are
interested in helping land and plan for one or more
of these please feel free to contact me at 314/
234.6483 or e-mail at wreschke@mdc.com.

Once again your Section is underwriting Pam
Luetkemeyer's effort in decorating a Christmas
Tree to be auctioned off at a charity gala benefiting
autistic children. This is one activity of providing
service to our community stemming from Dianne
Cheng's service projects committee.

Our hats are off to Bill Bernzott and Dick
Pinkert for Leading last year's young member and
public policy committees to Third and Second place
Awards in the AIAA large section category Nation-
ally. Each of the committee chairs put in a lot of
effort representing our Section and it's great to see
that effort recognized. Please feel free to contact
any section chair and offer your services. With
YOU, we can sweep the awards table next time
around! •
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Supersonic Propellers

by John M. Leonard

upersonic propellers interest developed in have a tip Mach number as high as 1.89 due to
the high rotational speed. Flying at Mach 0.8
with a supersonic prop would produce a tip
Mach number slightly in excess of Mach 2. A
correlation of aircraft maximum velocity ver-
sus the engine horsepower for 150 propeller
driven fighters, mostly of WWII vintage, is
shown in Figure 1. Flight velocity increases
with horsepower up to about 1500 hp; thereaf-
ter, more power does not result in additional
speed. Shock waves on the transonic and
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the early 50's with the advent of turbo-
prop engines coupled with speed limitations of
traditional propellers. Several aircraft had
pushed their propeller tips through the sound
barrier during dives. For example, in August
of 1943 an instrumented P-47C reached a
Mach number of 0.86 in a dive from about
33,000 feet (Ref. 1). Assuming a 13 foot diam-
eter conventional prop turning at 1260 rpm,
the tip Mach number would be approximately
1.15. However, a static supersonic prop would



continued from page

Maximum 600-
Velocity
-mph _—

400-

300-

200-

100-

0 1000 2000 3000 4000 5000 6000 7000
Horsepower

Figure 1 - Speed Limit of Propeller Driven Aircraft

supersonic sections of the propeller blade
ncrease the local drag and reduce efficiency.

Studies conducted by NACA and U.S. pro-
peller companies identified propeller designs
;hat could operate more efficiently at super-
sonic speeds. These propellers were character-
.zed by: (1) thin blade sections and (2) high
rotational speeds. Supersonic propellers
;ypically have a rotational Mach number of 1.0
at the hub and 1.7 at the tip. Thin blade
sections are a requirement for supersonic
operation; however, high rotational speeds
induce large centrifugal stresses. Conse-
quently, supersonic propellers require blades
constructed of high strength steel. Efficiency
ifthese supersonic propellers designs vs.
traditional World War II fighters can be seen
in figure 2.
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Figure 2 - Comparison of Propeller Efficiency

Two research aircraft, XF-88B and XF-84H,
were developed to investigate the validity of
supersonic propeller concepts. The McDonnell
XF-88, predecessor to the F-101 Voodoo, was
the prime testbed for NACA development. Air
Force investigations used the prolific F-84
airframe, with engines provided by the U.S.
Navy. Characteristics of these two unique test
aircraft are summarized in Table 1 and illus-
trated in Figures 3 and 4.

The XF-88 was modified by McDonnell to
incorporate an Allison XT-38 turboprop en-
gine, while retaining the two main turbojet
engines. An offset nose landing gear was
required to provide necessary turboprop room.
An engine inlet was added on the left and a
smaller oil cooler inlet on the right side of the
nose. Gearbox ratios could be altered to pro-
vide 1700, 3600, and 6000 propeller rpm's.
Propeller flight characteristics were gathered
by blade strain gages, a nose mounted pres-
sure rake, and fuselage microphones (Figure
5). To accommodate the instrumentation, one
fuel cell was removed.

Table 1 - Aircraft with Supersonic Propellers

Parent Airframe
Number Suit/ Flown
Length /Span -Ft
Wing Sweep Q C/4 - deg
Engine for Propeller
Engine Horsepower
Number of Blades
Prop Diameter - ft
Propeller RPM
Auxiliary Engines
Test Organization
First Flight Date

Last Flight
Number of Flights

Number of Flight Hours

Max Speed Achieved

XF-88B
McDonnell XF-68A
1/1
58.0/39.67
35
Allison XT-38- A- 5
2650
4or3
10.0, 7.2, and 6.85
1700 or 3500
2xJ-34'swithA/B
NACA
Jets only -April 14, 1953
Prop also- April 24, 1953
1956
16 (8 with prop turning)
by McDonnell. T? by
NACA
9.25 (2.07 with prop
turning) by McDonnell. 77
by NACA
M=0.94(Q,97 with prop
feathered) by McDonnell,
M=1.1inadivebyNACA

XF-64H
Republic RF-84F
2/1
51.5/33.5
40
Allison XT-40-A-1
5850
3
12.0
3000
none
USAF
July 22. 1955

FTotetty 1955
11

7.5

about 600 mph
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Figure 5 - XF-88B Instrumentation

When the XF-88, S/N 1, returned to St.
Louis for modification it had flown 126 hours
and 49 minutes. After modification,
McDonnell performed acceptance flight evalu-
ations to check its suitability as a high speed
turboprop research aircraft. Each of the 16
flights lasted between 23 and 48 minutes, due
to reduced fuel tankage. Inflight turboprop
operation took place on 8 flights, with 24
minutes being the longest inflight operation of
the propeller. The XF-88 sister aircraft, S/N 2,
became the NACA parts support vehicle for
the research program.

Low speed testing, with the XT-38 turbo-

prop running, required about 3/4 rudder and
some aileron to counteract the engine torque.
Flight tests conducted in St. Louis discovered
that the modification had reduced the longitu-
dinal and directional stability. Thus, it was
concluded that the turboprop should not be
operated during takeoff. Typical takeoffs and
landings were made with the propeller feath-
ered and clocked in the X position to provide
the maximum propeller blade ground clear-
ance. This unique configuration was one day
reported to the Lambert tower: saying an
aircraft had taken off without the engine
running. Since fuel tank volume was reduced


