COPY NO.

LEAse Ly NAR1SD Ol RWWM“MM@FM@@M

CLASSIFICATION CANCELLED st A

= =t

WW%W e
FS

By M Sea. 0218 /0~
(Frr 30

Pl S
RESEARCH MEMORANDUM

FLIGHT COMPARISON OF PERFORMANCE AND COOLING

CHARACTERISTICS OF EXHAUST-EJECTOR INSTALLATION WITH
EXHAUST-COLLECTOR-RING INSTALLATION
By Loren W. Acker and Kenneth 8. Kleinknecht

Aircraft Engine Research Laboratory

Cleveland, Ohio
! . A '
{ , 5 : iR

5 e mtcd
ment-conpains Classified information affec—
ing "Ohe! National efense of the United States within
the mepiin®¥ of the Espionage Act, USC 50:3! and 32.
Its transmission or the revelation of its contents in
any manner to an unauthorized person is proh1b1ted by
i law. Information so classified m € _impa
o to persons in the military and naval Services of the WAIVED
United States, appropriate civilian officers and em-
loyees of the Federal Government who have a legit- . W/
Test therein, and to United States cltlzeni l t { C“f pY
of known logralty and dlscretlon who of necessity mus | . ‘
rned to

NATIONAL ADVISORY COMMITTEE .o
FOR AERONAUTICS , - rommiee

WASHINGTON U gl Cnautics
February 14, 1947 washington, D. C.

CLASSESTRICTEDELLED



Classification Cancelled

11/8/1949
NACA RM No. E6L13a LULOLOLU LY

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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FLIGHT COMPARISON OF PERFORMANCE AND COOLING CHARACTERISTICS
OF EXHAUST-EJECTOR INSTALLATION WITH
EXHAUST ~COLLECTOR-RING INSTALLATION

By Loren W. Acker and Kenneth S. Kleinknecht

SUMMARY

Flight and ground investigations have been made to compare
an exhaust-ejector instellation with a standard exhaust-collector=
ring installation on air-cooled aircraft engines in a twin-engine
airplane. The grourd investigation showed that, whereas the
standard engine would have overheated above 600 horsepower, the
engine with exhaust ejectors cooled at take-off operating condi-
tions at zero ram. The exhaust ejectors provided as much cooling
with cowl flaps closed as the conventional cowl flaps induced when
full open at low airspeeds. The propulgive thrust of the exhaust-
ejector installation was calculated to be slightly less than the
thrust of the collector-ring installation.

INTRODUCTION

As part of a program requested by the Bureau of Aeronautics,
Navy Department, flight and ground investigations have been made
on an exhaugt-ejJector installation in a twin-engine airplane. The
exhaust ejectors were designed to increase the cooling-air flow
through the engine and were installed in the left nacelle. The
right engine was left in its standard configuration with an exhaust
collector ring. The cooling-air pressure drop across the engine
and the cylinder temperatures were measured in each installation
to determine the improvement in engine cooling obtained with the
exhaust ejectors. Brake horsepower and exhaust back pressure were
measured for each installation to compare the over-all performance.
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APRARATUS

A JM-1l airplane (serial No. 41-35541) (fig. 1) sauivnpsd with two
R-2800-43 engines was ugsd in the invegtigabion. The R-2800-43 engine
has & norwel power rebting of 1600 horsepower at a speed of 2400 rpm
and a manifold pressurec of 41 inches of mercury absolute; it has a
military taks-off roting of 2000 horsepower at 2700 rpm ané 52 inches
of mercury absolute., The left naceslle was modified by replacing the
conventional exhavst-collsctor-ring installation with an exhaust-
ejector ingtellation (figs. 2 and 3). No modifications were mads on

-

the right nacelle (figs. 4 and 5).

The exhaust-ejector installation consigted of four two-stags
ejectors on each side of ths nacelle. Design data for exhaust nozzles
and ejectors were obtained from referencss 1 to 4. The ejectors wers
designed with two stages in oxder that removal of the first stage would
provide access to tihe engine accegsories. Space limitations prevented
‘the use of wrove then four ejectors on each side of the nacelle. Indi-
vidual cylinder exhausts were thersfore grouped in triple and twin
stacks as follows:

Cylinder exraugtg
Outhoard Inboard
i e b7 a5} Llpe D gyt

15} S 5y 6
13, 14 Ty 8
i el et b2 iy 10

This grouvping was selected because of space limitations and simplicity
of construction at the expense of minimum valve overlap., Nozzles with
an outlet diameter of 2 inches were welded to the end of each group of
stacks. ‘

The first-stage ejectors, shown mounted on the accessory skin panel
in figure 6, are 14% square inches in cross-sectional area and 16~ inches

long (fig. 7). Flush with the outlets of the first stages are the

gecond -stage ducts, which ars 35 square inches in cross-sectional ares
and 20 inches long. Diffusera Y inches long with an expangion ratio of
1.2 are welded to the ends of the second stages. Pivoted at the diffuser
exits are controllable exit flaps 15 inches long that open approximately
20°, These flaps provide an outlet area of 210 square inches when
closed and 350 square inches when fully open.
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TUSTRUMENTATION

¥ngine cylinder-baffle total pressures at the forward lip of
the front-row cylinder baffles, engine cylinder-baffle static pres-
sures in the rear curl of the rear-row cylinder baffles, and total
and wall static pressures in the ejector ducts about 4 inches in
front of the diffuser section (fig. 7) were measured with liquid
manometers. The exhaust back pressures were obtained with flush
orifices in the exhaust pipes at stations 13 and Z% inches from the

exhaust ports of the Tront-row end rear-row cylinders, respectively.
Exhaust back press:res were recorded from differential-pressure
gages for the modified engine and frow a liquid manometer for the
gtandard engine.

Temperatures of the rear-gpark-plug gasket, the ¢ jectors, the
carburetor screen, and the cylinders were measured by thermocouples
and recorded by a flight-test recoirder. The ejector thermocouples
were located on the s=ime rakes as ths total-pressure tubes. A
registance-bulb thermometer was installed under the nose of the air-
plane for measuring free-atream alr temperature.

Pressures for measuring altitude and indicated airspeed were
nrovided by swiveling static-pressure end shrouded total-pressure
tubes, located 1 chord length ahead of the right-wing tip. Engine
charge-air flow was dstermined by carburetor metering pressure data
and air-box calibrations. Carburetor lmpact total-pressure and
carburetor uncompensated metering-nressure differentials were cobtained
from sensitive absolute-presoure gages and differential-pressure gages,
respechively. Tngine manifold pressures were measured by sensitive
abgsolute-pressure gages.

A position transmitter was used to measure cowl-flap openings.
A deflecting-vane-type fuel flowmeter was installed in the fusl line
between the carburetor and injection nozzle to measure fuel Tlow.
Brake horsepower was determined from Pratt & Waitney torquemeters
and sengitive tachometcrs.

All instruments werse calibrated before installation in the air-
plane. With the excephtion of torque r»ressure, cowl-flap opening,
and engine temperature, all data were recorded on photographic film.

SYMBOLS

The following symbols are used in the presentation of results.
The numerical subscripts refer to stations on figure 7.



NACA RM No. EBL13a

exhaust-nozzle or exhaust tail-pipe area, (sq ft)
specific heat at constant pressure, (Btu/{1b)(°F))
net thrust, (1b)

acceleration of gravity, (ft/sec?)

total pressure in front of engine, (in. water gage)

total pressurs n sscond-stage ejectors, (lb/sq ft absolute or
in. water gage

mechanical eguivalent of heat, (778), (ft-1b/Btu)
mass of engine cooling-gir flow, (slUﬂs/sec)
mass of engine charge-air flow, (slvgs/sec)

mass of engine exhaust-gas flow, (slugs / ec)
free-stream sgtatic pressure, (]b/sq 't absolute)

gtatic pressure at cylinder-baffle exit, (1b/sq ft absolute or
in. water gage)

engine exhaust back pressure, (in. Hg absolute)
engine manifcld oregsure, (in. Hg absolute)

average of engine cylinder-head and cylinder-barrel pressure drop
(in. water)

gine cylinder-head pressure drop, (in. water)
free-streanm dynamic pregsur (1ﬁ. water)
gas constant for exhaust, (ft-ib)/(slag)(°F)
total temperature behind engine, (°R)
total temperature in ejectors, (°R)
exhanst-gas temperature, (°R)

cylinder-head temperature, (°F)
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V, true airspeed, (ft/sec)

Va,e velocity at flap exit, ejector engine, (ft/sec)
Vé,s velocity at flap exit, standard engine, (ft/sec)
Vg mean effective eihamst—gas velocity, (ft/sec)

¥ ratio of specific heats of air, 1.4

1 propeller efficiency

0g ratio of free-stream air density to NACA standard sea-level
air density

02 ratio of air density at cylinder-barffle exit to NACA standard
gea-level alr density
METHOD OF CALCULATION

In order to determine the over-all performance of each instal-
lation, the net thrusts of the cooling alir and the exhaust gas were
calculated by the following compresgible-flow equations. The net
thrust is the change in momentum of the cooling air and the exhaust
gases from true airspeed to their respective exit velocities.

For the modified engine,

Fp = (Mg + M) Va6 ~ (M, + M;) V, (1)

where

O

o

! 9\7
-
N

i

In equation (1) the assuwption was mede that the fluid changed
igsentropically from the total pressure (fig. 8) and the total temper-
ature in the ducts to free-stream static pressure and temperature.
Any losses that might have occurred in the diffusers and through the
closed cowl flaps were neglected.

V4,e =§f2chpT5
i

jas)

For the standard engine,

Fpy = MglVy o + MV - (M + M) Vg (2)
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where : :
{ j )
! ; /P \ b !
W, ' = Bege. e 1 U
4,8 H pPra \
PR s il | \Pz) |
and
. MegRTe
e POA

In equation (2) the total pressure was assumed equal to the static
pressure behind the engine; therefore, in the calculation of cooling-air
thrust an isentropic change of the fluid was assumed from the static
pressure (fig. 9) and temperature behind the engine to free-stream static
pressure and temperature. The losgses through the closed cowl Ilaps were
again neglected. The exhavst velocity was merely a function of exhaust-
gas tempersabture, free-stream static pressure, and mass of engine exhaust-
gas flow.

In order to determine the thrust that might be expected from jet
exhaust stacks on a standard engine, calculations were based on the assump-
tion that the exhaust stacks uwsed with the ejectors were installed on the
standard engine in place of the collector ring. The following equation
was used:

By =MV + MW= (Mg, + Mg) ¥, (3)
where
= Bgh\
V, = f{—=—)
e s Me/ /

(See reference 4.)

With an assumed propeller efficiency of 0.85, the total net thrust
horgepower available was calculated for each installation by

FY
SN .
B =regget PR 1 (4)
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PROCEDURE AND DISCUSSION
Cooling-Blower Investigation

In order to determine the relation between cooling-air flow and
engine pressure drop, a porbable enginc-cooling blower was used. This
blower was set up in front of each engine (fig. 10); the blower outlet
was gealed to the cowling inlet by a rubber casing and the blower was
operated at various alr flows. ZEngine pressure drop was multinlied
by the density ratio at the cylinder-baffle exit to include the effect
of altitude and engine tempersture on ccoling-air flow, Engine cooling-
air pressure drop and temperalures behind the engines were measvred in
flight end used in conjunction with the data of figure 1l to obtain
cooling-air flow under Tlight-test conditions.

CGround Investigeation

\ ground investigation was made to determine the cooling charac-
teristics of each installation at e condition of zero ram. The results
of this investigation at a free-air temperature of 359 F with cowl
flaps open are shown in figure 12 where the available cylinder-head
pressure drop ObAph, fuel-air ratio for both enginss, and the maximum

cylinder-head temperature T, for ths exhaust-ejector engine are
plotted against brake horsepower. If permitted to stabilize, the
cylinder-head temperatures on the standard engine would have exceeded
the menufacturer's maximum limit of 500° F at test conditions using
about 600 brake horsepower or more; therefore, no cylinder-head tem-
perature dats for this engine were obtained. As shown in figure 12,
an increage in brake horsepower nroduces a greater increase in head
pressure drop in the modified engine than in the standard enginc.
Despite slightly leaner fuel-air ratios, the modified engine cooled
far better than the standard cngine for all powers., For example, at
take-off conditions (maximum power) with cowl flaps full oven, the
modified-engine installation provided a cylinder-head pressure drop
of 5.5 inches of water; whereas the cowl flaps on the standard engine
induced a pressure drop of only 2.5 inches of water. With a cylinder-
head »ressure drop of 5.5 inches of water, the meximum cylinder tem-
perature for take-off conditions was 430° F,

Flight Investigation

The available cooling-air cylinder-head pressure-drop ratios
Aph/q in flight for standard and modified engines are shown in
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figure 13 at altitudes of 5,000, 10,000, and 15,000 feet. In order to
compare the ingtellaticns, the curves for the stendard installation
were superimposed, without test points, over those for the ejector
installaticn.

The standard engine had a constant pressure-drop ratio of approxi-
mately 0.42 with cowl flaps full open and about 0.23 with cowl flaps
closed, This pressure-drop ratio appeared to be constant for all aliti-
tudes. he pressure drop available on the modified engine was a function
of brake horsepower. The ejector pumping action fell off slightly with
altitvde because of the increased specific volume of cooling air at
higher gltitudes. For a given horsepower the wvregsure-drop ratio was
higher at low airspeeds, such ag those encountered during climb or take-
off, At normal rated conditions, an altitude of 5000 feet and an indi-
cated airspeed of approximately 165 miles per hour, (g = 12.0 in. of
water) the pressure-drop ratio was 0.62 with flaps open and 0.40 with
flaps closed., Thus at 85000 feet and a low airapeed, the ejectors induced
nearly as mich pressure drop scross the engine with exit flaps closed as
conventiongl cowl flaps that are full open.

The average cylinder-head temperatures are plotted against free-
gtrean dynamic pressure ¢ for normal rated and maximum cruise powers
at an altitude of 5000 feet in figuwre 1l4. These curves show that, at
1460 brake horsepower and at a low cirspeed corresponding to a dynamic
pressure q of about 12.0 inches of water, the modified engine with
cowl flaps cloged runs about 15° F cooler than the standard engine with
cowl flaps full open.

The exhaust back pressures measured on cach engine at 5000 feet are
ghowvn in figure 15. Because of the restricted exhaust nozzles, the back
presgurs is considerably higher in the modified engine than in the stand-
ard engine. Separate curves are shown with cowl flaps open and closed
for the modified engine becauge the exhaust gas is discharged through the
exit flaps, which affect the static pressure at the exhaust-stack outlet.
Engine calibration curves at an altitude of 5000 feet are given for the
standard and modified engines in figure 16 from which the effect of back
pressure on engine performance may be seen. A losga of 100 brake horse-
nower existed for the modified engine at 2400 rpm. The results of thrust
calculations at each altitude are shown in figures 17 and 18. These
curvee show the drag, or thrust, of the cooling air and exhaust gases for
each type of installation.

The following table shows the total net thrust horsepower for both
ingtallations with cowl flaps closed at an altitude of 5000 feet and a
true airspsed of 265 miles per hour, with cach engine operating at the
game speed and manifold pressure:
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- e
Engine bhp | “n | thp
[{1b)
Standard 1560 [ =31 [13C0
Modified 1450 65 11286
Standard with | 1460 | 162 |1355
Jat olacke

The data show that the loss of 100 brake horsepower due to high
exhsust back pressure is almost all regoined by the momentum increase
of the cooling air on the modified engine and also that more thrust
may be obtaincd from a standard engine with jet exhaust stacks than
from the erhaust-ejector ingtallation. At low airspeeds the cowl
flaps on the standard engine must be open to nrovide sufficient engine
cooling and thus they increase the form drag. TInasmuch ag no form-
drag measurements were maCe in flight, a quantitative thrust analysis
atv low airspeeds could not be macs.

Revresentative temperature and pressure patterns for the two
installations under similar operating conditions are shown in fig-
ures 19 and 20. MNo sexrious effect on temperature and pressure distri-
butions resulted from the uge of the exhaust-ejector installation.

SUMMARY OF RESULT

From comparative flight and ground investigations of an exhaust-
eJector installation and & standard exnhaust-collector-ring installa-
ticn on air-cooled engines in a twin-engine airplane, the following
results wers obltained:

1. At take-off operating conditionsg at zero ram on the ground,
the ejectors provided a pressure drop acrogs the engine of 5.5 inches
of water with the exit Ilaps full open, which was sufficient to cocl
the engine 20° ¥ below the manufacturer's limit of SO0° F at a free-
air temperaturc of 35° F; whereas the standard engine would have over-
heated at above 600 brake horsepower. '

2. At low airspeeds, such as encountered during take-off and
climb, the ejectors pumped approximately as much cooling air across
the engine with the exit flaps closed as conventional cowl flaps
pumped when full open.

3. The propulsive thrust of the exhaust-ejector ingtallation was
calculated to be slightly less than the thrust of the collector-ring
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installation because the thrust obtained from the ejectors was slightly
less than the loss in brake Lorsepower cdue to high exhaust back pressure
caused by the restricted ocutlet area of the exhaust stacks.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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Figure 6. - First—-stage ejectors mounted removable acces-
sory skin panel.
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Pressure-drop ratio, Aph/q
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Figure 16. - Engine calibrations at altitude of 5000 feet.
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