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EFFECT IN FLIGET OF THE PROPELLER CUFFS AND SPINNER ON PRESSURE
RECOVERY IN FRONT OF A DOUBLE-ROW RADIAL ATRCRAFT
ENGINE IN A TWIN-ENGINE ATRPLANE

By Carl Elllsman

INTRODUCTION

As part of a general program to study the cooling of recipro-
cating aircraft englnes, an Investigation was conducted with the
proneller cuffs and splnner removed to determine thelr effect in
flight on the pressure recovery of the cooling-air flow.

Preliminary data obtalned from previous flight tests indlcated
that the inlet-preesure recovery of the cooling air was not so high
as might be expected. The data from .these previous flights with
the cuffs and spinner installed are compared herein with the data
obtained with the cuffs and spimner removed. Curves are presented
to compare the pressure and temperature distribution over the front
row of cylinders for flights with and without cuffs and splnner.

These tests were conducted at the request of the Army Alr
Forces, Materiel Command, at the Alrcraft Engine Research Laboratory
of the NACA at Cleveland, Ohlo, durlng the summer and fall of 1943,

APPARATUS AND TEST PROCEDURE

The flight tests were conducted on the right engine of a twin-
engine alrplane powered by two 2800-cublc-inch displacement englnes
having & normal rating of 1500 horsepower at 2400 rpm.

The four hollow-steel blades on a 13l-foot propeller were fitted
with shank cuffs and a large diameter spifiner. Figures 1 and 2 show
the propeller installatlon with and without cuffs and spinner. The
apparatus used in the study of cuff performance was the same used for
the cooling-correlation tests re¢ported in reference 1.




The pressures measured In these tests were recorded by standard
NACA pressure recorders, a recording multiple manometer of 30 cells,
and a 100-tube liquld manometer photographed in flight. The preassures
congldered were the shielded total-head pressures ln front of cyl-
inders 2, 6, and 16 eand the baffle entrance total pressures for the
front bank of cylinders at the head and barrel. These pressures
provide a survey of the cvoling-alr flow over the front of the engine.

The cooling-alr temperature rise across the cylinder was measured
by thermocouples such as Tgy, Tgy, &nd T, located on rakes in

front of the engine and at the rear of each cylinder. (See figs., 3
and 4.) Thermocouples such as T 13 and T 6 were imbedded 1/16 inch
in the rear middle of the cylinder wall between the flrst and second
circumferential fins of the head end at the rear-middle circumferential
Tin of the barrel, regpectively. (See fig. 4.) The results of a
preliminary investigation indicated that the temperatures recorded by
thermocouples T 13 and T 6 had a constant relationshlp to the
average cylirder-head and cylinder-barrel temperatures, respectlvely.
These thermocouple reedings were thersfore selected as a measure of

the cylinder temperatures during flight.

In addition to the Instruments for measuring pressures end tem-
peratures and the usual englne operating conditions, a torquemeter
and en inclinometer were lncluded.

One flight without cuffs and spinner was made at a brake horse-
power of approximately 1000 and an indicated alrspeed of 200 miles
por hour at a density altitude of 5000 feet. The englne was operated
at speeds of 1800, 2100, 2400, and 2600 rpm with cowl flaps closed.
One run wes made with cowl flaps open at an engine speed of 2400 rpm.
These runs were compared with similear runs made during the regular
cooling-test progrem with the propeller cuffs and splnner installed.
(See table I.) Ko ground tests were made with the cuffs and spinner
removed.

RESULTS AND DISCUSSION

The comparison of test data was based on the average velues of
pressure recovery, cylinder temperature, and cooling-alr temperature
rige that were determined for the front of the engine (table I) , end
the temperature and pressure dlstribution over the front bank of
oylinders (figs. 5 to 9).



The preasures P are given In terme of free-stream impact
pressure q, and were the difference between the total pressure

at the mesasuring point and the static pressure of the free alr.
Pressures for individual cylinders were averaged. The baffle
entrance pressure at the cylinder head was taken as the average
of the pressures recorded at Hgn5l, Hgu52, HgypSS, HgpS54; for
cylinders 2, 6, and 16, the pressure at Hyyl was Included. The

baffle entrance pressure at the cylinder barrel was taken as the
average of the pressures recorded at Hgu,S5l, Hgyp52, Hg,S3,

inoluding Hy42 for cylinders 2, 6, ‘and 16.

The cooling-alr temperature rise across the head was equal to
the difference between T, end Tg4 and the cooling-air temper-
ature rise across the barrel was egqual to the difference between
Tap &d Tgzy. Cylinder temperatures for the head and the barrel

were corrected ln each cagse to the same cooling-air temperature
observed with the cuffs and spinner off. This correctlon was made
according to the cooling equation developed for this engine.

Because a number of thermocouples and pressure tubes were
demaged or broken, only those belleved to be reliable are indicated
on the tempsrature and preasure distribution charts. (See
figs. 5 to 9.)

The pressure recovery in front of the indlvlidurl cylinders and
the head and barrel temperatures are shown in figures 5 to 9. These
figures also show the conling-alr temperature rise across the head
and the barrel for camparable conditlons with and without cuffs and
spinner.

With the cowl flaps closed, a general increase 1ln the pressure
recovery at the bottdm of the englne was obtalned when the cuffs
and s>inner were removed. At the top of the engine, no marked
difference was observed, except for a slight decrease in the recovery
in front of cylinder 2. (Ses figs. 5 to 8.)

When the cooling-alr flow was increased by openling the cowl
flaps, the pressure recovery on the cylinder heads was not appre-
clably affected by removel of the cw’fs and spinner. The cuffs and
spinnor were stlll definitely detrimental to front pressure recovery
over the barrel for all cylinders except the two top cylinders 2
and 18.




The cooling-alr temperature rise and cyllnder-temperature pat-
terns generally followed the pressure-recovery patterne. Cylinder 10
did not follow this trend because the cooling-air temperature rise and
flow may have been affected by the proximlty of the oll sump, which
alego served as a head baffle.

A serles of motion-plicture studies of the air-flow character-
lstics of the cowling, although limited in exteni, lndiceted that
some cf the alr .srilled out of the top of the cowling enirence. More
turbunlence was evident at the top then at tho bottom of the cewling.
This epillage and turbulence may partly accocunt for the low pressure
recovery of the top cylinders and the comparatively higher recovery
at the bottom. Plgures 5 to 9 lndicated that the cuffs dld lncrease
the pressnire recovery for a fow of the top cylinders. This increese
In prossure probahly was due to the fact that the cuffs helped prevent
a gplllage of the alr from the top of the cowl.

With the cowl flaps closed and the cuffs and spinner removed,
the increases in the average preasure recovery for the front cylinder
heads varled from 0.01 to 0.04 Q. for the dlfferent englne speeds
tested. At the barrol, the increases In pressure recovery were fram
0.03 to 0.04 - (See tablie I.)

With the cowl flaps open, no eppreciable difference in the aver-
age pressure recovery was observed at the cylindor head; the increased
presgure recovery at the barrel was the sanwe as with the cowl flaps
cloged. .

The average pressure recovery for both the head and the barrel
was greater wlthout the cuffs end spinner for most of the conditions
tested., This increased pressure reccvery resulted in a higher
cooling-alr flow, as sinown by the amaller temperature rise of the
cooling air across the cylinders and by the lower average cylinder
temperatures.

Although the average pressure recovery at the cylinder head was
lower for the flight without cuffe and splnner, the average pressure
drop across the cylinder head was higher when the ocowl fleps were
open. The increased pressure drop across the cylinder substantiates
the lower cylinder temperatures recorded as compared with those deter-
mined for the fllight with cuffs and spinner.

The maximum galn in pressure recovery obtained by removing the
cuffs and spinner was small. The pressure recovery over the front
of the englne was never greater thamn 0,75 Q-
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Ro logical variation of the pressure recovery with engine speed
was Indicated by the results.

- F—- e = - .

SUMMARY OF RESULTS

From 1imited fllght tests, tho effect of the ouffs and spinner
on pressure recovery in front of a double-row radial engine in a
twin-engine alrplene indlcates tkat:

1. The removal of the cuffs and spinner caused a slight gain In
the over-all cooling-air pressure recovery obtained with the ocuffs
and spinner.

2. Better engine cooling in flight was obtained by removal of
the cuffs and spinner.

Alroraft Engine Ressarch Laboratory,
National Advisory Committee for Aerconautics,
Cleveland, Ohlo, March 29, 1944.
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Figure 1. — Propeller equipped with shank cuffs and spinner.
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Figure 2. - Propeller mounted with shank cuffs and spinner
removed.
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Figure.3.‘- Front view of front and rear cylinders showing preSsDre tube and
thermocouple installation on front cylinder.
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Figure 4. - Rear view of front and rear cylinders showing pressure tube and
thermocouple installotion on front cylinder.
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Figure 8. - Pressure and temperature distribution for front cylinders with and without
propeller cuffs and spinner. Indicated airspeed, 200 miles per hour; engine speed,
2600 rpm; 1000 brake horsepower; cowl flaps closed, Cylinder temperatures with cuffs
and spinner corrected to flight conditions without cuffs and spinner.
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Figure 9. - Pressure and temperature distribution for front cylinders with and without
propeller cuffs and spinner. Indicated airspeed, 200 miles per hour; engine speed,
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and spinner corrected to flight conditions without cuffs and spinner. _
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