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SZRIAL NO. ASL-753

SBJECT

1, The object of thie test was to determine the performance
characteristics of the Pratt and Whitney R-1830-86 engine equipped with
a PDI2E2-=2 carburetor. It was also desired that eufficient data be
obtained to evaluate operation when using fuel having sn aroustic content
of approximately 20 percent.

. , SMCLUSI XIS
2. Calibration results indicate that the engine is cdpadle of
the followine ratings with 2ero main 3coop and auxiliary stage scoop ran,

with main etage inlet valve losses of approximately .70 In. lig, and with
auxiliary stage duct and intercooler losses of approximately ..5 In. kg:

Keutral = take-off -~ 1200 BHP at 46 In, Hg abds.
. (std. alt. CaT)
- military - 1200 BHP at 1800 feet alt.

- normal « 1100 BHP at 3300 feet alt.
Auxiliary low - eilitary - 115 BHP at 11,500 fest alt.
(SO°F CAT)

= normal - 1050 BHP at 12,500 feet alt.
Auxiliary high = military < 1100 BHP at 12,500 feet alt.
(90°F CAT)

- noraal - 1000 BHP at 19,500 feet alt,

NXE: Ratings are with autovatic rich ‘carturetor zmixturee ajproximately
2.5 percent leaner than Pratt and #hitney Aircraft guarantee for
csontinuous operation.

Take->ff and military epeed - 2700 RPK.

Norzal epeed . - 2550 RPN,

¥hen the norzal rated reeulte are corrected to zero preseure losses and
to best power mixturee, the baeis used for the contract guarantees, the
altitude ratings are increased by approximately 1500 feet. When the
rilitary reeulte are corrected to sero preeseure losses only, the basis
used for the contract guarantees, the altitude ratinge are inereased by
approximately 700 feet. The corrected results all cosply with the
guaranteed values of Pratt and Whitney Specification No. MN-5121 (Revision
1) of 11 October 1940. The engine ratings in neutral, low, and high
gears are comparable when based oa air flow, p

3. All the normal altitude ratings are approximately 500 feet
hisher than those obtained with an experimental 1830-76 engine .calibrated
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at the Naval Aipcraft Factory and reported in reterence (c). The
differences are probabl; due to the changes 1n distribution effected PY
the location of the fuel injection, diffuser modifications, and by the
differences in the fuel-air mixture ratios.

b It is impossible to obtain both the normsl and pilitary
ratings with ono setting gulator (See Plate 2). It
18 suggested that the regulator be set to obta nditions and
the throttle be used to liamit the normal speed BHP to normale

iIn cozrliance with reference (b)) comparstive mixture control
r the complete cruise renge and including normal and
with regular specification AN=VV-F-781-4 and
aromatic 100 octane fuels indicated the followins:

(a) No appreciable consistent difference in power ws
noted. .

(v} In the cruise range, best economy mixture results

averaged one percent richer when using aromatic fuel.

(c) Vihen using the aromatic type the Bendix PDA2F2
curburetor metered approximately 2-1/2 percent richer
at the air flows near and above rated but & negligivle
amount at air flows in the crulsing range.

(4) The mixture temperatures, when using the aromatic type
fuel, were found toO be slightly lese than those obtained
with regular 100 octane fuele g

(e) Yo consistent differences in cylinder temperatures were
indicated.

(£) Generslly, Ro difference in engine operation, including
szoothness and acceleration, was noticeable, No signs
of detonation were present when using either fuel.

In view of the unimportant differences resulting vhen using the two fuels,
it was believed unnecessary to uake the basic calibration with both fuela.

6. In view of the fact that the lsanest practicable eruising
ristics are desired for present service PLF airplanes, the standard
tor setting is considered unsuitable. An investigation should be
rmine the possibility of using & none position" best econory
o that pictured on Plate 20. As a temporary measure it is
t the pressnt automatic lean setting be used for all operating
conditions. The suitability of this peasure has proven satisfactory on
flight tests conducted under Project 4,225 (See reference (e)).

7.  The genersl perforuance of ths engine was satisfactory.
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8. The operation of the Bendix 659 spark plugs was satisfactory.
\

* BECOMENDATIONS
9. The engine ratings tabulated in pirlgroph 2 are reconmended e
satisfactory.

10, It is recommended that a 28,5 In. lg absoluté supercharger
regulator eetting be used and thet the throttle be employed to restrict
the BHP at speeds lese than military.

1. One hundred octane regular (Azendment—i) and aromatic (16%)
type fuels are recoucended as being satisfactory for use with the subject
type engine and carburetor.

12, To increase the range of the FLF service airplanes, it is
recoxzended that the autouatic lean control position be used throughout

the operating range.

DESCRIFTIN OF SUBJECT

The characteristics of the subject type engine are as £>lows:

Manufacturer:

Nane 3 - Pratt end Whitney Aircraft.
Location - East Hartford, Connecticut.

fodel, Nusbers, end Ratings:

dodel = R=1830-86,

Type = Alr-codled, li-cylinder,
dsuble~-row radial, two-
etage, two-speed auxiliary
supercharger,

Engine numbers ~ Bureau YNo. 14228,

= lanufacturer’s No, 9309,

Ratings = Overspeed dive - 3050 RPY,
Por power retings see
paragraph 2,

QMNL m'ui .

Bore and stroke = 55 % 5.5, inches,

Cylinder arrangement = Two radiul banks of seven
cylinders euch.

laster rod locations - Nos. 5 and 12,

Total.displaceuent = 1830 cubic inches.

Compression volume ratio - 6,7¢t01,




deuct.io;l gear ratio

Reduction gear propeller

shaft
Crankshaft dampers
Overall dimensions

Dry weight of engine -

including carburetor, spark
plugs, and mpcrchu-gon

regulator

Maxinwa specific outputs

Grade iuel xoquind
Grade oil required

Superchargers:

Number of stages and speeds

Type
Izpeller gear ratiss

Inpeller diameters

Carburetor:

iake and Serial Nlunber
Lode] and Setting
Parts List Number
Injector location
Fuel pressure required

Zgnitdon:

kagnetos (tws)
wounting

Ignition timing (No, 1
cylinder)

Spark plug t)pe -
Firing order

Harness

Yalve Timins::

STRIAL N9 AEL-753

— 0667 to 1,
= SAE No. 50.

= Two 3=1/2 order.
- 48-1/2 inches diameter.

67-1/2 mch‘. 1“‘8-

1560 psunds.

+66 BHP per cubic inch.
.77 BH? per pound,

100 octane.

Syabol 1100.

= Two-stage, two-speed

auxiliary supercharger.
-~ Cear-driven centrifugal

with vaned diffugers.
- Kain stage: 8.08 to 1.
- Auxiliary stage low: 6.43 to 1.
= Auxiliary stage high: 8,48 t5 1.
= Main: 9-1/2 inches.
= Auxiliary: 11 inchss.

Bondix. No. 29135.
- PD12E2
- 392006-4.
- Crab bar nozzle in adapter,
= 15 pounds per square inch.

= Bendix Seintilla SFILXN-8,
- Pront (nose)

- 25° BTC, fixed, both.

- Bendix 659, ;

-1, 10, 5. 1‘0’ 9, 4, 13, 8
3,12, 7, 2,1, 6.

- Bendix cut mnlfold type.

The tappet clearances and valve timing are as follows;
Clearances (hot), timing = ,060 inch, both,

Clearances (cold), running - .010 inch, both,
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Starter (starting
torque) 2500 at 70°* F.

Generator 600

250
150
20

Vacuun Pump

Fuel Pump
Tachometer

ee %8 66 00 00 0o 00 00 o 00 OO
o ©
©

g

Eagneto
Governor

125
100
Gun Synchronizer

Auxiliary Drive -

125
125

:
1
1
1
:
:
:
:
1
:
3
:
:
:
T
:
3
$
3
1
1
:
:
1
3

00 58 00 08 %0 00 S0 5o o0 o8 o

# Direction of rotation indicated by C = Clockwise

CC = Countsrclockwise
when looking at the accessory drive shaft in the sngine.

(1) o Tws {on:

For a generel description of this eysten, see Aeronautical
Engine laborstory Report, Serial No. AEL-71L, parsgraph
9(3)s A diagre:matic sketch of the ducts, intercaslers,
ete,., used during the calibration appears on Plate 24,

(3)  Isportant basic lnprovemsnte:
The two magnetos are now mounted on the reduction gear

nose of the engine thus allowing a more compact ignition

installation. A cast type ignition manifold is installed
forward of the cylinder banks.
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Fuel 1s injected from a "crab" bar at the carburetor
adaptor. The 1830-76 engine previously calibrated
and .reported under Report AEL-71L employed spinner
type injection at the main stage impeller.

The cylinders have been strengthened and the cooling
fin area increased measuradbly. .

AETH® F TEST

U. For all the calibration running. the engine was installed in
No. 9 dynarometer roca with a U. S, Rubber Company type flexible coupling
and a flywheel mounted on the engine propeller shaft, The engine carburetor
air supply, exhaust, and fuel systens were maintained at the recuired altitudes.
“The oil and breathing systems were operated at or near sea-level conditions.
A standard couplement of instruments as is normally used at this laboratory
was connected to the engine to measure air, fuel and oil flows, teuperatures,
and pressures, A carburstor scoop and intercoolers, as used on the FLF air-
planes, were adapted to the dynamometer stand by a spacial duct systen.

15. Fuels of 100 octane rating, recular (Specification AN-VV-F-T8l1-i)
or 16 percent aromatic (made with "Two-pass” Houdry and Alkylate Blending
Agent - Requisition No. Aero 3873-Bu-42), and grade 1100 oil were used during
all teste. The oil=-in temperature and oil-out pressures were raintained at
approximately 1€5°F and 10 pounds per square inch, respectively. :

RESULYS AND DISCUSSIN

16, The location of the various calibretion curves and charts in
this report is as follows:

Plate Numbers

Optimum performance at rated and

take-off apeeds 1l
Performance at rated and T,9). as limited

by supercharger regulator . 2
Operating cliarts
Sea level und altitude basic

characteristics ’
Mixture control characteristics
Minimum Specific Fuel Cons.

characteristics
Average F/A characteristics
Corrections

HP vs. carburetor air and nixture temp,

HP vs. carburetor scoop ram

HP vs. exhaust back pressure
Diagrarmatic arrangement of ducts,

intercoolers, fittings, etc.




SERIAL KO. AEL-753

17. A curve of optimum performance is shown on Plate 1. These
results were obtained with mixtures guaranteed for continuous operetion
and with valve, intercooler, and duct lasses comparable to F4F airplane
installation but without carburetor scoop pressure regulation. These
results comply essentially with the contract guarsntees when they are
corrected to conditions under which the guarantess were made in Pratt and
Whitney Speeification No. N-5121 (Revision 1) of 11 Jctober 1940.

18, The curves shown on Flate 2 give results for two different
settinge of the supercharger regulator - one restricting the low=high rated
speed power to normal and the other restricting the low-high military speed
power to military. The second setting of 28.5 In. Heg sbsolute is recomsended

~ (reference (d)) in order to attain the military pawer conditions of which the
engine ie capable, The exceseive powers then obtainable at reted speed have
to be restricted by the carburetor throttle. Carburetor entrance pressure,
transmitted through an extermal line to the regulstor, is used for the
supercharger regulator sstting, thus the sstting is not affected by the
intercooler and duct loas,

19. Platas 3 to 8, inclusive, show the basic calibration in an
operating chart forx. These curves show the operating power and manifold
pressure lizits and the specific fuel consumption values representative of
what is expected when using a PD12R2-2 carburetor setting. Assuming that
the supercharger regulator will be set to obtain cilitary powers as supgested
in paragraph 18, the limiting power-pressure line norually drawn thrwgh the
speed range is omitted as the powers resulting in each case would be ;reater
than the preeent maximm BUEP and propeller load limiting power curves.
Thersfore, the primary purpose of the regulator is tn limit the manifold
pressure to thst required at military speed - at any lower speed the resulting
regulator pressures would allow excessive powers which must be restricted t;
carburetor throttle, 3

20, Plates 9 to 17, inclusive, show the basic calibration plotted in
a more comprehensive form to include several part-~throttle sea-level and
altitude runs, air and fuel flows, and mixture tempeoratures. A representative
27 In. Hg absolute supercharger regulator setting line is shown crawn through
rated conditions,

‘21. The mixture control characteristics shawn on Plates 18 and 19 o
indicate little choice betwsen the regular and 16 percent arozatic' fucls
othsr than elight differences in beat eccnomy, carburetor metering, and
mixture temperatures. Thess differences have been found to bte gencrally
true with other type engines and injection carburetors. The difference in
ths "lower heat value" of the two fuels (300 Btu per pound) justifies the
differencs in best economy. Approximately 2.5 percent richer metering of
the carburetor itself was noticeable at the higher air flows when using
aromatic fuel. This condition is apparently due to stiffening of the fuel
diaphragns and consecuent basic change in adjustuent. Apparently the diaphray
returns to its original set when regular fuel is arain used as is evidenced o
by similar resulte using regular fuel before and after conduct of a complste
neutral calibration using 16 percent aromatic fusl. No detrimentsl .ri'ec'. on
ths carburetor nechanism was noted as a result of using 16 percent aronautic .z'uel

Puge 9
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22, Plate 19 shows lines of minimus specific fusl consumption within
the allowable cruise range in neutral and hizh gears. These values were
obtained without wmakins actual mixture control runs but by leaning to a
point Just slightly richer than cut-out or rough running. Therefore, the
curve values in sone instances may be somewhat richer than optimum best
economy. However, the curves are generally representative of what may be
expected by manually leaning for maximun econonmy.

23. Plate 20 gives average engine fuel-air resulte supplied by the

standard PDI12E2-2 settinr. Jt is apparent that the automatic lean curve
shown is relatively rich in comparison to the best econsay of .000 possible
with this type engine. For.present service FLF airplanes it iz desired that
the longest practicatle cruising range be incorporated. An investigation is
now being made under Project 4312 to deteraine the feasibility of using a
"one position™ best economy setting similar to that pictured on Plate 20.
As a temporary measure it is suggested that the present automatic lean
setting be used for all operating conditionz. The suitability of this
measure has proven sutisfactory oa flight tests conducted under Project
4225, (See reference (e)).

2, The engine operated satisfactorily in regard to starting,
acceleration, and smosthness. “peration of the Bendix 659 spark plugs was
also satisfactory. vhen the engine was received at the Naval Aircraft
Factory, afte: overhaul at Cuantics, it recuired considerable additional
running-in to properly seat the piston rings and the auxiliary stage impeller
shaft 21l seal rings. The excessive azount of 0il pulled through bty the
auxiliary stage indicated that the auxiliary shaft seal rings had not been
lapped-in. 7This condition also indicated that the engine operatida had not
been properly inspected during its run after overhaul. It is urged that
particular care be exercised to insure that during overhaul, all auxiliary
shaft oil seal rings be lapped-in and that during the operation runs after
overhsul, checks in low and high gears ‘be made to6 determine the effectiveness
of the seal. ‘hen the engifne was received, the attached supercharger
regulator was found to be set at approximatel; 25.5 In. Hg absolute (insteud

of 78) thus indicating that a bench check at overhaul had not been made or
had been made improperly.

25. The exhaust back pressure characteristics as plotted on Flate
23 are average for the conditions shown and can bs used as a general
correction for this engine. Dataa being coupiled and analyzed relative
to all the back pressure runs obtained on various engine calibrations made
at the Naval Aircraft Factory during the past several years. A peneral
correction based on intake and exhaust pressure ratio is being investigatec.

[ 4
v
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ABSTRACT

Tests were conducted on a P and W R-1830-86 engine equipped with a PD12E2 2 carburetor to deter-
mine the performance characteristics and to evaluate operation when using fuel having an aromatic
content of approximately 20%. Comparative mixture control runs extending over the complete cruise
range and including normal and take-off conditions indicated that best economy mixture results aver-
aged 1% richer when using aromatic fuel. The mixture temperatures, when using aromatic type fuei,
were found to be slightly less, and the Bendix PD12E2 carburetor metered approximately 2-1/2%
richer at the air flows near and above rated, but a negligible amount at air flows in the cruising range.

Generally, no difference in engine operation, including smoothness and acceleration, was notxceable

No signs of detonation were present when using either fuel.
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