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S2RIAL N3. AEL-753 

«J'CT 

1. The object of this tMt w«e to determine the performance 
characteristics of the irau and Whitney R-1830-84 engine equipped with 
a PD12£2-i carburetor.    It «us also desired that sufficient data be 
obtained to evaluate operation «hen using fuel having an arouatic content 
of approximately 20 percent. 

cowcmsiJis 

2. Calibration results indicate that the engine is capable of 
the following ratings with zero uain oco>p and auxiliary stage scoop rar., 
with aain «tage inlet valve loases of approximately .7U In. "e,  and with 
auxillar; stage duct and Intercooler losses of approxiaately M  In. Kg: 

Neutral 
(Std. alt. CAT) 

Auxiliary la« 
(VO»r CAT) 

Auxiliary high 
(90»F CAT) 

- take-off - 120C BHP at 4,6 In. Kg abs. 

- Military - 120u BHr at 1800 feet alt. 

- noraml - 1100 Blip at 3300 feet alt. 

- military - 11;   BHP at 11,*  ■ feet alt. 

- nonsal - 1050 Wir at 12,500 feet alt. 

- nllltary - 110b BHP at IK,500 feet alt. 

- noraml - 1000 BHP at 19,',00 feet alt. 

SJTE:    Ratings are with automatic rich 'carburetor mixtures approximately 
2.5 percent leaner than Pratt and Whitney Aircraft guarantee for 
cMtlnuMia operation. 

Take-off and Military «peed       - . 7JO RPk. 

Horaal speed - 255Ü RPm*. 

When the normal rated results ar# corrected to sero pressure losses and 
to beat power mixtures, the basis uaed for the contract guarantees, the 
altitude ratings are increased by approxiaately 1500 feet.   When the 
military results are corrected* to aero preaaura loses« only, the basis 
uaed for the contract guaranteea, the altitude ratings are increased t. • 
approximately 700 feet.    The corrected results all comply «ith the 
guaranteed values of Pratt and Whitney Spscificatlon No. H-51£l (Revision 
1) of 11 fetober 1940.    The engine ratings in neutral, lo«, and hi,-h 
geara are conparable when based on air flow. - 

3* All the normal altitude ratings are approxiaately 500 feet 
hither than thoue obtained «ith an experimental 1830-76 engine calibrated 
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at the Naval Aircraft Factory and reported in reference (c).   Tha 
differences ara probabl;   due to the change» in diatribution effected by 
the location of the fuel injection, diffuser nodificationa, and by tha 
difference» in the fuel-air mixture ratios. 

ft»       It is impossible to obtain both the normal tad military 
raUnga with ono set tine of tha supercharger regulator (See Plate 2).    It 
is su,-gest. ä that the regulator be »at to obtain nllltary conditions and 
the throttle be used to limit the normal speed BMP to normal. • 

5.       in compliance with reference (b), comparative mixture control 
runs extending over the complete cruise range and including normal end 
take-orf conditions cade with regular Specification AN-VV-F-7Ö1-4 and 
approximately lb percent aroaatic 100 ocUne fuels indicated the following: 

(a) Ho appreciable consistent  difference in powar «as 
noted. 

(b) In tha cruiae range, beat economy alxturr resulta 
averaged one percent richer whan using aromatic fuel. 

(c) When using the aroaatic type fuel, the Bendix PD12K2 
carburetor uietered approxlaately 2-1/2 percent richer 
at the air flow» near and above rated but a negligible 
aaount at air flowa in the crulain■• rang«. 

(d) The mixture temperatures, «hen using the aroaatic type 
fuel« were found to be alightly leaa than those obtained 
with .regular 1U0 octane fuel* 

(a) No consistent differences in cylinder temperatures were 
indicated. 

(f) Generally, no difference In engine operation, including 
smoothness and acceleration, was noticeable.   No sign* 
of detonation were present when using either fuel. 

In view of the unimportant difference« resulting when using the two fuel«, 
it was believed unnecessary to uake the basic calibration with both fuela. 

6.       In view of the fact that the laaneat practicable cruising 
characteristics are desired for present service FU airplanes, the standard 
-2 carburetor setting is considered unsuitable.   An investigation should be 
sjade to determine the possibility of using a "ons position" best economy 
setting similar to that pictured on Plate 20.    As a temporary measure it is 
suggested that the present autonatic lean setting be used for all operating 
conditions.   The suitability of this measure has »roven satisfactory on 
flight tests conducted under rroject 1*22$ (See reference (e)), 

—■**» «aa eatlafacl 
7. 

ft. general parformenc. of the engine 
tlsfactory. 
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8.   The operation of the Bmdix 639 spark plugs «as satisfactory. 

•   —Ml 
9«   The engine ratines tabulated In paragraph 2 are recoonended a 

satisfactory. 

10. Zt is recoBMnded that a 28.5 In. Hg absolut« supercharger 
regulator setting be used and that the throttle be employed to restrict 
the) BHP at speed» lass than military. 

11. One hundred octane regular (Amendment-a) and aromatic (16A) 
type fuels are recau. .ended as being satisfactory for use with the subject 
type engine and carburetor. 

12. To Increase the range of the ruf service airplanes, It la 
recaaeided that the automatic lean control position be used throughout 
the operating range. 

I 

sBscRiiTiat or SUBJSCT 

13.   The characteristic's of the subject type engine are as f-tllows: 

(a) Manufacturer» 

- Pratt and Whitney Aircraft. 
- Eaat Hartford, Connecticut. Location 

(b) j'odol. Muabora. and Ratings: 

Jodol 
Tan» 

Engine nunbera 

Ratings 

(c) General Daft . 

bore and atroke 
Cylinder arranges ent 

Usater rod locatiins 
Total■dlsplacauant 
Compression volume ratio 

- R-1830-46. 
- Air-cooled, la-cylinder, 

double-row radial, two- 
stage, two-speed auxiliary 
supareharger. 

- Bureau Mo. U228. 
- "anufacturer'e No, 9309. 
- >erapeed diva - 305U HP.'. 

For powar ratings ae« 
paragraph 2. 

- 5.5 x |*S, inches. 
- Two radial banks of aeven 
cylinders each. 

- Hos. 5 and 12. 
- 1830 cubic inches. 
- t.7 to 1. 

Pare J 
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Heduction gear ratio 
Reduction gear propeller 
shaft 
Crankshaft dampers 
Small dinenaiona 

Dry weipht of engine - 
including carburetor, apark 
pluge, and supercharger* 
regulator 

Uaximuui specific outputs 

Grade i'uel required 
Grade oil required 

(d)  Superchargers: 

Number of stages and speeds 

Typ« 

Impeller gaar ratios 

iBpsller diameters 

(•)  Carburetor: 

Uake and Serial .'lumber 
iädeJ and Sitting 
Parts List Number 
Injector Location 
Fuel pressure required 

(f)     Ignition» 

(g) 

Ugnetoa (two) 
Counting 
Ignition timing (No. 1 
cylinder) 

Spark plug tjpe 
Firinc order 

Harness 

Valve Tlmla»;: 

The tappet clearances and valve 

Clearances (hot), tlaing 

Clearances (cold), running 

.667 to 1. 
SAE No. 50. 

Two 3-1/2 order. 
48-1/2 inches diameter. 
67-1/2 inches long. 

1560 pounds. 
.66 BHP per cubic inch. 
.77 BHP per pound. 
100 octane. 
<3y.abol 11U0. 

Two-atage, two-speed 
auxiliary supercharger. 
Gear-driven centrifugal 
with vaned diffusere. 
Lain stage: 8.08 to 1. 
Auxiliary stage low: 6.43 to 1. 
Auxiliary stage high: 8.48 to 1. 
Hain: V-l/2 inches. 
Auxiliary: 11 Inches. 

Bendix, No. 29135. 
FD12E2-2 
3920O6-*. 
Crab bar no?.sle in adapter. 
15 pounds per square inch. 

Bendix Scintilla SF14KN-8. 
Front (nose) 

25* BTC, fixed, both. 
Bendix 6S9. 
1, 10, 5, 14, 9, t, 13, 8, 
3, 12, 7, 2, U, 6. 
Bendix cast manifold type. 

timing are as follows: 

- .060 inch, both. 

- .010 inch, both. 
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I.C., * ABC 
E. \, • BBC 
l.\, • BTC 
B.C., • ATC 

(h)    |M— Drives: 

- 76 
- 76 
- 20 
- 20 

: Permissible Torau«: 
Direction ->'■ 

t                    : 
t      Inch rounds : :patio to    : 
:Continuous: Static: Rotation .•Crankshaft: 

t Starter (starting 
t    torque) 2500 at 70* F. a» 24,600 c :' *.0J0t 1 : 

i Generator :     600       i 6,000 c t 1.400: 1 : 

t Vacuin Pump i     250 850 c I 1.400: 1 : 

: Fuel Puap :     150 450 CC t 0.875» 1 : 

t lacheawter :       20 60 H.H. 
« CC 

-C L.K. -t O.5OO1 1 : 

: Magneto i     125 i     600 c :   -."■>: 1 1 

i Governor i     100 :      600 c 1 0.9641 1 l 

i Gun Synchronizer i     125 600 c ! 0.667: 1 1 

: Auxiliary Drive :     125 

t 

>      500 c : 1.000: 1 : 

J                     : 

• Direction of rotation indicated by C - Clockwise 
CC - Counterclockwise 

«hen looking at the accessory drive «haft in the enrlne. 

(i)     Auxiliary 3ta*s IWo-Spsed Operation: 

For a general deaerlptlon of thia system, aee Aeronautical 
Engine laboratory Report, Serial lo. A5L- 14, paragraph 
9(i).    A dlagra»~atlc sketch if the ducts, lntarcoolers, 
ate., used during the calibration appear« on Plato 24. 

(J)     iKPortant Basic iaoro ints: 

The two oagaetos are near aounted on the reduction gear 
nose of the engine thue allowing a nore eoapaet Ignition 
installation.    A cast type ignition nanifold Is install«1 
forward of the cylinder banks. 
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Fuel is injected from a "crab" bar at the carburetor 
adaptor. The 1830-76 engine previously calibrated 
and reported under Report AFL-vlt, employed spinner 
type injection at the sain stage Impeller. 
The cylinders have been strengthened and the cooling 
fin area increased measurably. 

:CTHCP OF TEST 

li».   For all the calibration running, the engine «as installed in 
No. 9 dynamometer room with a U. S. Rubber Company type flexible coupling 
and a flywheel nounted on the engine propeller shaft. The engine carburetor 
air supply, exhaust, and fuel systems «ere maintained at the required altitudes. 
'The oil and breathing systems «ere operated at or near sea-level conditions. 
A standard complement of instruments as is normally used at this laboratory 
«as connected to the engine.to measure air, fuel and oil flows, temperatures, 
and pressures. A carburetor scoop and intercoolers, as used on the TUf air- 
planes, «ere adapted to the dynamometer stand by a special duct system. 

15.   Fuels of 100 octane rating, rerular (Specification AH-YV-F-7*l-0 
or 16 percent aromatic (made «ith "Two-pass" Houdry and Alkylate Blending 
Agent - Requisition No. Aero 3873-Bu-^Z), and grade 1100 oil were used during 
all testr. The oil-in temperature and oil-out pressures were maintained at 
approximately 165*F and 10 pounds per square inch, respectively.   , 

RESULTS AND DISCUSS! T» 

lb.   The location of the various calibration curves und charts in 
this report is as follows: 

Optimum performance at rated and 
take-off speeds 
Performance at rated and T.1. as limited 
by supercharger regulator       • 
Operating charts 
Sea level ;.nri altitude basic 
characteristics 

Mixture control characteristics 
Minimum Specific Fuel Cons. 
characteristics 
Average F/A characteristics 
Corrections 

HP vs. carburetor air and fixture teup, 
HP vs. carburetor scoop ram 
HP vs. exhaust back pressure 

Diagrammatic arrangement of ducts, 
intercoolers, fittings, etc. 

Plate Nucbcrs 

2 
to 8 

to 17 
1R 

19 
20 

21 
22 
23 
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17. A euro of optimum performance is shewn on Plata 1.    Thus* 
results were obtained with mixtures guaranteed for continuous Deration 
and with valve, intercooler, and duet losses comparable to F4F airplane 
installation but without carburetor scoop pressure regulation.    These 
results conply essentially with the contract guarantees when they are 
corrected to conditions under which the guarantees were aade in Pratt and i 
Whitney Specification No. N-5121 ^Revision 1) of 11 fctober 19tf>. 

18. The curves shown on Plate 2 give results for two different 
settings of the supercharger regulator - ana restricting the low-high rated 
speed power to normal and the otfier restricting the low-high military speed 
power to silitary.   The second setting of 2P.5 In. Hg absolute is recoiu-ende 

v (reference (d)) in order to attain the solitary power canditlona of which the 
engine is capable.   The excessive powere then obtainable at rated apeed have 
to be restricted by the carburetor throttle.    Carbwretor entrance pressure, 
transmitted through an external line to the regulator, la used for the 
supercharger regulator setting, thus the setting is not affected by the 
iatercooler and duct loea. 

19. Plates 3 to 8, 'inclusive, show the baelc calibration in an 
operating chart fers»   These curves show the operating \ awer and can! fold 
pressure limits snd the specific fuel consumption VHIJBS representative of 
what is expected when using a PD12E2-? carburetor settinr •   Assuming that 
the supercharger regulator will be set to obtain military powers as suggested 
in paragraph 18, the Halting power-pressure line norsally drawn thr-mgh the 
speed range is omitted aa the uuwsra resulting in sach caae would be greater 
than the present — lrlr— B1XP and propeller load lisiiting power curves. 
Therefore, the prianry purpose of the regulator is \r% limit the manifold 
pressure to that required at military speed - at any lower apeed the resulting 
regulator pressures would allow excessive power.» which oust be restricted I, 
carburetor throttle. 

20. Plates 9 to 17, inclusive, snow the basic calibration (lotted in 
a more comprehensive fom to include several part-throttle sea-level and 
altitude runs, air and fuel flows, and mixture temperatures.    A representative 
27 In. Hg absolute supercharger regulator sattln*- line is shown drawn through 
rated conditions. 

21. The mixture control characteristics shown M. Platea 18 and 19      ' 
indicate little choice between the regular and 16 percent aromatic' fuels 
other than slight differences in best econony, carburetor metering, *nd 
mixture temperatures.   These differences have been found to be generally 
true with other type engines and injecti .n carburetors.    The difference In 
the "lower heat value" of the two fuels (3üU Btu per pound) Justiflee the 
difference in best economy.    K\ proximatel..  : .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 otlffening of the fuel 
diaphragms and cousenuent basic, change in adjustment.    Apparently the dlaphraiie 
returns to Its original set when regular fuel la araln used as la evidenced 
by similar results using regular fuel before and after conduct of a conpleu 
neutral'calibration using lb percent aromatic fuel.   No detrimenui effect. Qn 
the carburetor mechanism was noted ss a result of using lb percent arocMlc fuel 
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\ 

22. Plate 19 «bow« line« of ninicui. specific fuel consumption within 
til« allowable cruise rang« in neutral and high gear«. These values were 
obtained with >ut uakinc actual mixture control run« but t>; leaning to a 
point Just slightly richer than cut-out or rough running. Therefore, the 
curve values in sane instances may be somewhat richer than optimum best 
econony. However, the curves are generally representative of what my be 
expected by manually leaning for maximum economy. 

23. Plate 2U gives average engine fuel-air results supplied by the 
standard PD12E2-2 sett in-, ft is apparent that the automatic lean curve 
Shown is relatively rich in connarlaon to the best econony of .U>0 possible 
with this type engine. For. present service F-F airplanes it is desired that 
the longeat practicable cruising range be incorporated. An investigation is 
now being made under Project 4312 to determine the feasibility of using a 
"one position" best econony setting sinilar to that pictured on Plate 20. 
As a temporär, ceesure it Is suggested that the present sutoaatic lean 
setting be used ttr ell operating conditions. The suitability of this 
measure has proven satisfactory on flight tests conducted under Project 
422S (See reference (e)). 

2<i.   The engine operated satisfactorily in regard to starting, 
acceleration, and smoothness,  operation of the Bendix '6S9 spark plugs was 
also satisfactory. ?'hen the engine was received at the Naval Aircraft 
Factory, after overhaul at Cuantlco, it reaulred considerable additional 
runnlng-ln to properl.. eeat the piston rirvs and the auxiliary stage lapelier 
•haft oil seal rings. The excessive amount of oil pulled through by the 
auxiliary etage Indicated that the auxiliary shaft seal rings had not been 
lappcd-in. This condition also indicated that the engine operation had n • 
been roperly 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 
overhaul, checks in low and hl£i gears-be made to determine the effectiveness 
of the seal. Then the engine was received, the attached supercharger 
regulator was found to be set at approximate!,/ 25.5 In. Hg absolute (instead 
of 78) thus indicating that a bench check at overhaul had not been made or 

had been made improper 1> . 

25.   The exhaust back pressure characteristics as plotted on Plate 
23 are average for the conditions shown and can bs used as a general 
correction for this engine. Data-- being compiled and analysed relative 
to all the back pressure runs obtained on various engine calibrations made 
at the Naval Aircraft Factor;' during the past several years. A peneral 
correction based on Intake and exhaust pressure ratio is being Investigated. 

RTrTRSNCES 

(a) Project Authorisation - Bureau of Aeronautics Letter 
Aer-R^A?-»ail/2-13 F21(ProJect 4077) F21(H1830-86) 
009912 of 30 January 1942. 
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(b)    Request for Calibration «1th Arooatic Puol - Bureau 
Of Aeronautic! RESIUCTD Utter Aer-£-442-SAG 
F21(ProJect 4077) F21(R-1830-«6) 021669 of 2 Uareh 
1942. 

(e) Calibration, Typ«, Dire and Torsional Vibration Testa 
of Pratt and Whitney XR-1830-76 Engine - Aeronautical 
Engine Laboratory RESTRICTED Report, Serial Ho. AEL-7JJ.. 

(d) Projects 4077 and 3911 - Supercharger Regulator Sattln;; 
JJaral Aircraft Factory Letter to Bureau of Aaronautics 
r21-l(2)(1830) F21-l(2)(2800) (E-5) (4%51) of 18 
December 1942. 

(e) Operation in Automatic Lean Reconnendad Satisfactory - 
Projsct 422$, Naval Aircraft Factory Latter to Bureau 
of Aeronautics VF4F3/VF4F4/F21-1 (F-c) (4*445) of 12 
Decedfter 1942. 
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~BSTRACT: -· 
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 fue~, 
were found to be slightly less, and the Bendix PD12E2 carburetor metered approximately 2-1/2% 
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Generally, no difference in engine operation, including smoothness and acceleration, was notice~abe. 
No signs of detonation were present when using either fuel. '~ 
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