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_ as well as CAT and SFC, aré well within the manufacturer's contract guarantees, -Base
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A calibration wag made t6 determine the sea-level and altitude characteristics of the P&W R-2800-
32W engine. This engine is an aircocled, 18-cyl, double-row, radial power plzat with a two-stage
supercharger having a fixed-ratio main stage and a variable~ratio auxiliary stage. The dry weight
of the engine is 2690 1b and the maximum specific outputs, based on 2300 bhp take-off rating, are
0.855 bhp/ib and 0,82 bhp/cu in. The specified fuel is Grade 115/145 AN-F-~48 fuel, The calibration
results, compiled in graphical form, indicate that the combinations of rpm and mifai&épfgsg%:m
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Ccpiég ofthis report obtainable from CADO,

o . : ' Engines, Re.cil?lfocatfné -
- Power Plants; Reciprocating (6) - Performance K _
Performance (13) , R=2800 - :

[ AIR BOCUMENTS Bimsiory T-2.]
AMC, WRIGHT FiziD -
MICROFILM No.

o [R3#3¢F |

4 ﬁ__._.—@w
E— Sl

ot ———




U S. NAVAL BASE STATION

PHILADELPHIA, Pa.

o
4

- OF - InF G50l

- G R m e - Em =,

‘AERONAUTICAL ENGINE LABORATORY
' REPORT ON \

. QLAeg
1304 L9y

OO N Lhvg
Y
00 -49¥8 482,01 ;

oe:gr

. CALIBRATION OF
PRATT AND WHITNEY R-2800-32W ENGINE

. [ R

- n

\ a
S ISSUED BY
N AVAL AIR EXPERIMENTAL STATION

4ND CONS, 5.10.49—1500

4ND-P-65
e

e e — o

e —— s = ¢ s i gty S — s Gty Ry £ Ra
— ' . R




‘l - = - e — et iJ%"
¥ 2L, May 1950 ABL-1122
i RBESTRLETIED RESTR1CTIED N
¢ :
. COPYNo. 3
i
o
- RERORT - 5
2 ¢
- oN |
S AN i
1 {
_ ~ CALIBRATION OF
, PRATT AND WHITNEY R-2800-32W ENGINE
¥
‘ 1\
. | s
2 BY !
. NAVAL AIR MATERIAL CENTER ¢
: ) NAVAL AIR EXPERIMENTAL STATION .
. AERONAUT1CAL ENGINE LABORATORY )
. ’ PHILADELPH]A N
| Project TED No. NAM~PP-215.
P
, \L Authority -~ Bureau of Aeronautics Restricted Letter Aer—PP-23 67758 of
| 3 125 August l91+7
o Sl
:'w“g R A . . X3
) Aol Dates of Test — FROM: 1 March 1948 TOs 22 April 1949.
1 Number of Pages - Text, 22; Plates, &l.
i Reported by ___ 1t V. T oy, Project. Engineew.
28 ; . V. TAYIOR, hePronautisal Engineer, B5-9
- b .
1Y .
i & /f . trbtas Test Enginéer. :
4 M. J. ;.‘bTSEY, Aeron?ut:cal Engineer, Go9-9 -
e -
*g%:,;{‘ N Approved by 7 C \) "\(P/ T_' N . Superintendent.
g ‘{ K. B. WRIGHT, Commander,; U.SeN.
(% L
Iw‘ Ay -E_‘?—.‘-:—;‘?’@




S,

{ FSF AEL-1122

1 ( 8
! K
a0 !
: E
| y!
I TABLE OF CONTENTS A
| THLE PAGE NO. :
!:\ ;" OB'JECT e @ 8 ¢ 8 o & @ & % 8 ¢ A & e & S @ s & 3 e e s 8 ¢ s s o o o+ 0 3 "%
i ; £} mNCmSIONS * e ©® ‘8 o8 & 9 o o o o e o 5 3 e 8 @& 8 e ® e ® e e * & » 3 - 6 '§‘
-: REGOMMENUATIONS e 6 6 6 & o o ® & e G 8 e ® e e e & s ¢ ® 9 & s s » s 0 6 - 7 ) :
. : DESCRIPI'ION OF SUBJECT ‘e @ & ® o o ® & & @ % ® e & s ® e e e o s s e+ a 7 bad 11 ;
': IKETHOD OF TEST e ® o o 0 ® e s & & e s s s 8 s o & o . e o o o o e e o ll - 12 . Ao <
R.ESULTS AN D DI S CUSSI ON e ¢ o & o s o s s e s e R L 13 - 22
REFEREICES ® o o 4 ¢ o6 o & 8 6 u s e s B & ¢ 5 B 6 o s s s s s v s > 22 ’ .4
PIATES o o o o = o o oo o o o o o s oo Bl
N B =
: E . ‘ N
- 2 - i

i



: = . R :-»_.:‘- M= -":*'_‘ o p— T R =

| - S

’ - _ ‘ —_— ST
) ARL-1122
éé OBJECT

b

-

1. The primary -object of this test was to determine the sea~level and
altitude characteristics of the Pratt and Whitney (P&W) R-2200-32W engine.

CONCLUSIONS ’
2. Calibration results indicate that ilie engine satisfactorily meets the
manufacturer's contract guarantees and is capible of the fllowing retings:
: SR R A
i : : : : 2 3 s Altitude - Feet
: ' s ¢+ Super. :CAT ¢ ASRP :Guar,: P&W AEL =
: Rating __: RPMs FHP: Gear 3(°F):(In.HG.):SFC¥* : Guar.* :Dynamometer:
: : s $ A : i 3
: Take~off $2800:2300; Partial : 89 : 62,7 : .80 :Sea Level: Sea lLevel :
s ; . 2 sAux, Low : : s e : S
:Normal Rated  :2600:1900: Partial : 88 : 51.5 : .7L :Sea Level: Sea Level :
:Sea Level _ R :Aux, Low : : . s : § :
:Military Rated  :2800:2300: Partial : 89 : 62,7 : .80 :Sea Lével: Sea lLevel :
:Sea lLevel : : _:Aux, Low : s : 5 S _ :
:Nermal Rated  ;2600:1500:Min. Slip: 88 : 48.6 : .81 : 30,000 : 34,100  :
:Critical Altitude: . :  :High Gear: S S 3 . g
:Military Rated :2800:1800:Min. Slip: 93 : 60.6 : .90 : 30,000 : 32,200 3
:Critical Altitude: 3 tHigh Gear: s e E e ] Sl

* As guaranteed in reference (b)

These runs were made without the aut omatic manifold pressure regulator. Critical
altitude performance would not be affected by the use of the Stromberg CO-3F
Automatic Manifold Pressire Regulator, but sea-level manifold pressure require-
ments at normal and military rated powers would be somewhat increased because of a
controlled throttle drop which is built into the regulator. Approximately 51,9
in. Hg ASRP would be required at normal rated, sea-level, and 63,1 in. Hg ASRP

at take~off and military rated, sea-level, using the guaranteed SFC's.
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3. Overpower runs at sea~level and high gear critical altitude, using
Speci fication AN-F-48B grade 115/145 fuel, indicate that the engine is detonation
limited at the following powers and operation is restricted to limited periods;

‘ ) Super. . Mixture ASRP CAT
RPY  HP  Gear Altitude (Ft) Position In, Hg, °F. E/A
2800 2540 Partial Sea-lével # Rich 72.5 98 .098
Aux. Low
2800 2110 Min, Slip 26,600 Rich 72.2 95 .10

High Gear

# These runs made with 4.0 in, Hg carburetor throttle drop as incorporated in

the automatic Manifold Pressure Regulator. )
Lo The Stromberg PR-6LB2 carburetor (No, 728821), metering according to
tihe P.L. No. 390940-10 setting, produced satisfactory normal operation, starting,
idling and acceleration characteristics, Mixture contvol runs, including .
instability checks, and detonation-limited mixture response runs indicated that
the carburetor "normal” setting could be leaner throughout the range, with an
attendent sawving in fuel consumption, After approximately 100 hours of operating
timé, a variation in carburetor metering characteristics was noted, parti cularly
in altitude compensation, and it was necessary to manually adjust the ifuel flow
for the remainder of the calibration to agree with the established limits,

5, Fuel conforming to the minimum requirements of Specification AN-F-i8
(115/145) is satisfactory for use at the conditions shown in paragraphs 2 and 3.
in addition, this fuel provides detonation~free operation 2t the powers shown in
paragraph 2 at sea~level, with 100°F carburetor air temperature, and at the
critical altitude with 125°F carburetor air temperature. Grade (1006/130) fuel

is not satisfactory for use with this engine except at reduced ratings (see Plates

37 and 38) .

6. Operation of the Stromberg CO-3F Automatic Manifold Pressure Regulator
(No. B-10077, P.L, No., 3909433) was satisfactory throughout the entire calibration

T Engine operation including starting, smoothness, and acceleration was
sati sfactory. The calibration was started using P&WA YR-2800-32W engine, No.
P-28015, ( a semi-production model) but a failure of the main accessory drive -
shaft after 24 hours of operating time (see Plate 5L) necessitated its removal
from the dynamometer stard., A production model P&WA R-2800-32W engine, No.
P-28802, was installed in the dynamometer room and the entire calibration was
conducted on this engine (253 hours of operating time). Following is a list of
failures which occurred during the tests:
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i.) (a) No. 8 piston failure at 40 hours (see Plate 55),
’ Probably due to pre~ignition.

n

(b) A number of the éap screws holding the right distributor
I cover failed during the calibration, ‘These screws shéared
off and allowéd the distributor cover to loosens Failures
: _ -occurred at 100,143 and 146 hours of operation.

7

.

(c) At 147 hours of operating time, a broken distributor fingér
was found in the left distributor,

ot

C (d) No, R piston and rings failed ((scuffi:‘ng) at 165 hours of
operating time.

&, Operation of the BG RB19R spark plugs for mpst of the calibration was
generally satisfactory; however, several instances of faulty plug operation were
noted. The failure of No., & piston {see paragraph 7(a))which occurred after )t
approximately LO hours engine and spark plug time, indicated pre-~ignition (see

Plate 55), and it was found that the cemter electrode was missing from one of

the spark plugs in this cylinder. A complete set of new spark plugs was instélled

and after completing 60 hours of high power running (including approximtely 6

hours of detonation~limited runs) the following failures were noted:

- -2

”
.

. (a) Three plugs with the ceramic. core surrounding the center
electrode broken, with pieces mi ssing.

- "

(b) One plug with ceramic core broken and center electrode
missing, ¥

(¢) One plug with ceramic cowre cracked.

Spark plug operation was satisfactory for the remainder of the calibration.

Tt @ Dy 7
PR e

9e Considerable trouble was experienced with auxiliary stage impeller
stalling at high altitude cruise conditions even with an auxiliary stage "bleed—
of f" valve installed, Stalling was encountered at low rpm and manifold pressures
during high altitude operation, and was first noted by a violent surge or pulsa-
tion in the airflow, followed by complete stalling of one of the dual impellers
(right hand impeller usually stalled), This condition could be quite serious

in an airplane installation since a violent power surge or loss of power occurs
and the auxdliary stage inlet temperature of the stalled impeller increases
rapidly (temperatures in excess of 2L0°F have been measured on the inlet screen).
A further discussion of this subject may be found in paragraphs 38 and 39.
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: & 10, Using "normal" mixtures produced by the P.L. No. 390940-10 setting
Q_ of the PR-64B2 carburetor, the cooling air baffle pressure drop necessary to

maintain the maximum cylinder head and/of flange temperatures specified in ,
reference (b) was as follows: o

:" ‘ - : : : Siuper. : Cooling Air ‘ Baffle Pressure :
‘ :.Condition : REM : BHP : Gear : Temp, ~ °F : Drop -~ In. H20 .
N : Take-off : 2800 : 2300 : Partial : 85 : 8.4 ; E
: . A — 6 : : “Agx. Ls,\w : ) . Q
4| Norsel Rated : 2600 : 1900 : Partial : & : 50 L
f : Sea level : 3 : Aux, Low : : 1 '
\ 8 o E 8 g g . e :
: Military Rated : 2800 : 2300 : Partial : 85 : a..h : .
‘ : Sea Level : b : _hux. Low ; : § :
7 : Normal Rated : 2600 : 1500 : Min, Slip: 78 : 5.0 : .
: :_Critical Altitude : I : High Gear: . , :
: : Military Rated  : 2800 : 1800 : Min, Slip: 77 : 9.2 .
| : Critical Altitude : ; : High Gear: ] $
- |
s 11. The torquemeter functioned satisfactorily throughout the test. A

i RECOXVENDATIONS
;{'
’ 12, It is recommended that the Aeronautical Engine laboratory determined °
altitude ratings shown in paragraph 2; rather than the values indicated in the
£ :i‘ Pratt and Whitney engine specification (reference (b)), be accepted as the actual
: ;; ) operating characteristics” of the engine.
v
oK 13, The Stromberg PR—6LB2 carburetor, metering in accordance with the "normal
‘:’ o and "rich" mixture positions of the P.L. No, 390940-10 setting, is recommended for
[E ,ii use with this engine. It is also suggested that an investigation be conducted
' i as to the possibility of leaning out the "normal" setting, particularly in the
!:‘ *i cruise range, and extending the cruise range to a higher airflow, in an effort ?
b .;,1 to attain lower fuel consumption values over a broader range, 3
Ly ' -
B f
[ b . :
1e1 {0
| | 2 ! .
‘,( y !
3
Ll
B
e R -

constant of 158,3 checked dynamomet-r determined power within the specified
+ 2 per centq _
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‘ 14, Operation with fuel conforming to Lhe minimum requiremerfs of , }

cation AN-F-42 {115/1L5) wsing either B&Y guaranteed or “norcal™ mixture |
factory, Because of

=

\\@\‘Wﬂ‘mﬁ: m

SRR o

\ \F {=ee Plate 39) fuel consurptions is recomended as sati ‘ ;‘ ““ |
| L“ detonation limitations (see Plates 37 and 38), fuel of grade {100/130) is mot i?‘ ;‘
11 recommended for use with this engine except at reduced retings. |
H 15.  The Stromberg C0-3F Mutomatic Manifold Presswre Regulator, P.L. No. i 1
i ) 3909433, is recommended as satisfactory with this type engine. | % b
| ’ 16 BG REI9R spark plugs are not recommended as satisfactory for use wi th ' { !
it this type engine., I1f it is found mecessary to use these type plugs, inspections ‘ *‘ i
should be more freguent amd the owerhaul time period should be decreased, : 1
Yoy :]
1

=TyeT

i

17 1t is recorwended that a complete investigationm be mde in regards to
anxiliary stage impeller stalling, and corrective measures applicable. This
program shonld be directéd toward establishing values at which stalling is
encountered in flight installations (FLU-% airplane) and further evaluating the
auxiliary stage "bleed-off” valwve, It is beliewed that possibly an imw gat jon
of entrance ducting or vaneing wuld help prevent stall. The auxilisry stage

‘ "bleed-off" system is considered a wasteful process as it tends to Increass high ‘
\ altitude cruise fuel consumption walues snd somewhat lowers the cruise speed 1: |
i b critical altitudes. Based on dynamometer results, it is recormpended that for N \w‘
”f 2 high altitude cruise operation the following combimations of rpe and manifold ’ w
s pressures be used: — _

s

?xﬁ s === g A cin ot e

L

R U

o

(2) 2300 rpw, 36 in., Hg ASRP and above. ‘
1 (b) 2200 rpm, 37 in. Hg ASRP and sbove. .
| (c) 2100 rpm, 38 in, Hg ASRP and sbove. ) {

(a) 2000 rpm, 39 i  ASRP and above, ; §
{e) Ko high gear operation below 2000 rpm,

3‘j 7 18. A torquemster constant of 152,3 is recormended for Wawal aircraft ’ ‘H
i service use. ‘

3 o
L : DESCRIPTION OF SUBJECT |
| AN

b | |

Iy {w" 19. The following is a brief surmary of the characteristics of the subject
engine, Photographs of general views of the engine are shown on Plates 59 to , “};‘

“WMW %WWMWHKWWWU ' ' "

o (2) Menufacturer: ‘
i H Name Pratt and Whitney raft., ‘ L 8
L . s D on of United Aircraft Corporation e |
; Iocation East Hartford, Connecticut J
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i \h;
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(b) Model, Numbers, and Ratings:

Modeld
Type

Engine Numbers
Normal and Military Ratings
Maximum Dive Speeds

{c) General Data:

N

W e L W

Bore and Stroke
Cylinder Arrangement,

Total Displacement
Master Rod Locations
Compression Volume Ratio
Reduction Gear Ratio
Propeller Shaft Spline
Propeller and Crankshaft
Rotation
Cranksha ft Dampers

Crankshaft Balancers
Overall Dimensions

Dry Weight of Engine
Including Carburetor,
Spark Plugs, etc. '

Maximum Specific Outputs

- (Based on 2300 BHP Take-

- off Rating)

Fuel Spec, AN-F-48
0il Spec. AN-0-8

(d) Supercharging.
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Number of Stages

Type
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ABL-1122

R-2800-~32W

Aircooled, 18 cylinders,
double-row radial, two-
stage supercharger with
fixed ratio, main stage;
variable ratio, awxiliary

stage,

P-28015 and P-28802
See Paragraph 2
3120 rpm

5975 X 6-00 in,

Two~row staggered radial,
9 cylinders in each row.
2804 cu. in.

8 and 9

6,75 to 1

A5 to 1

SLE No, 604

Clockwise from rear,

One L~1/2 order torsional on
rear crank cheek, One 2nd
order torsional on front crank
cheek.,

" Two 2nd order linear.

‘53 in, in diameter.
94.75 in, long.

2690 pounds

«855 bhp per pound
082 bhp per Cu. ino
Grade (115/145)
Grade 1100

Two; main stage (fixed ratio)
and dual auxiliary stage
(variable ratio.)
Centrifugal, Main stage~
gear driven, Auxiliary stage-
two-~speed gear driven through
hydraulic couplings with
variable ratio tlrough each
coupling, .

N T
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1mpeller Gear Ratios

Impeller Diameter

(e) Carburetor:
Manufacturer
Model
Setting
Fuel Pressure Desired
Nozzle Pressure Desired
Injector Location

(f) Ig tion:
Magneto
Distributors

. Ignition Timing
Spark Plugs
Firing Oxder

Harness - high tension

(g) Valve Timing:

AEL=1122

Main Stage: 6.70 to 1
Auxiliary stage: minimum slip
low 7.78 to 1; minimum slnp
h.lgh 9 65 to l-

Main Stage 11.00 in,
Right and left dual
auxiliary stage 13.00 in.

Bendix-Stromberg
PR-64B2 (No. 728821) _
Parts List No. 390940-10
25 £ 1 psi »
10 £ I psi v
Spinrer-type, located at s
impeller entrance,

Scintilla DFI8LN (Nose-mounted)
Two (nose mounted)

20° BTC

BG RBISR

1, 12, 5, 16, 9, 2, 13, 6, 17,
10 3, 14, '7, 18, ll L, 15, 8,
Pratt and Whntn_ev ASSembl,v
921,08 (cast manifold, shielded
unit with detachable 1leads).

Inlet Valve Opens Be fore Top Center
Inlet Valve Closes After Bottom Center
Exhaust Valve Opens Before Botiom Center
Exhaust Valve Closes After Top Center
Overlap

Valve Adjusting Clearance (Ccld)

Valve Timing Clearances (Hot)

Front Intake.l02 in., Exhaust .127 in
Rear Intake ,125 in,, Exhaust .143 in

36°
600
70°
26°
62°

'060 inl :
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ARL~1122
( (h) Accessory Drives:
: : ~: Permissible Torque @ Direction :
: _ : Ratio to : Inch ~ Pourds _:  of : .
t .. Accessory Drive : Crankshaft : Continuous : Static : Rotation® :
: Starter (1)(Type 1A) s 3.000:1 - :13,000 : C. 1
: Generator (1)(Type 14) : 3.000:1 500 : 2,200 C. :
: Fuel Pumps (2) : L8R6:1 25 : 450 : C.C. : p
_ : Vac, Pump (2) _ : s - : :
(‘ : on PTO Pad (Type 11) : 1.256:1 125 : 1,400 C. :

250 1,650 : . C.C.
7 : 50 c.C.
125 : 825 : G.C

. : on Rear Casa (Type I11) : 1.400:1
: Tachometer (1)(Type 1I) - : .500:1
: Governor (1) 296421

o6 o9 B9 00 o5 80 00 08 e

# Direction of rotation indicated by C. - Clockwise
C.C. = Counterclockwise ] i
when viewed from rear of engine. ' .
(i) The important basic improvements and design changes made on this
engine with reference to the R~-2800-18% ("C"-model, two-stage,
two-speed) engine previously calibrated (reference (c)) are as
follows: '

(1) Dual auxiliary stage impellers, driven at variable speed
through hydraulic couplings.

(2) Stromberg CO-3F Automatic Manifold Pressure Regullator
controlling both carburestor throttles and oil to
auxiliary .stage supercharger couplings,

(3) Stromberg PR-64B2 carburetor (updraft),

{;; (L) No provisions for automstic spark zdvance,

(5) Accessory section completely redesigned, Starter drive

now geared 3 to 1 compared to 1 to 1 for "C" models.

Generator now located on top of rear case betweén dual
auxiliary stage impellers.

(6) Longer connecting rods,

(7) Lighter cylinder heads with longer barrels.

at M e~ .
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{1 1 ‘ (8) Redesigned pisténs with piston pin bosses higher,
; flat head, curved inside dome.

(9) Provisions for double-acting propeller governorsi

(10) Strengthened propeller shaft.

.

ST eE e e

(11) Plenetary gear errengement (3 to 1) for accessory dirive
shaft.,

- W Tt T 7

(12) Rear counterweight made lighter with more movemert to
cut down lodads. °

-

(13) Use of higher main oil pressures (115 to 1O psi abt
normal rated speed).

METHOD OF TEST

20. Engines No. P~28015 and P-28802 were installed in No. 1% dynamometer

room for conduct of a sea-level and altitude calibration as recquested by
reference (a). The engine was attached to the dynamometer by means of a gear—
type coupling and extension shaft. A large rutber coupling was used to attach
the extension shaft to the dynamometer and a flywheel was installed on the engine
end of the shaft to improve the vibration characteristics, The first engine
(P-28015) installed was a semi-production model, and was removed from the

" dynamometer room after 2L hours of operation when a fajlure of the main acces-

! sory drive shaft octurred (see Plate 54). & production model -32¢ engine was

;' then installed and all calibration results shown in this report were obtained in
H this engine (253 hours of operating time), The suxiliary stage inlet and : ‘
' cylinder exhaust pressures (at the ocutlets of the F-L7N airplane tyype exhaust . “

e s
A a * S S

g (:olleci;or) were maintained at the required altitudes unless otherwise noted.
The oil and breathing systéms were maintained 2t o near sea-level conditions,
and the fuel system was vented to carburetor entrance pressure. A standard -
complement of instruments as is normally uvsed by this laboratory was employed

{:; to measure fuel, air, and oil flows, temperatures and pressures.

P
PR

2. Fuel conforming to the requirements of Specification AN-F-48 (115/145)
and oil of specification AN-O-8, Grade 1100 were used during these tests, The
oil=in temperature and oil-out pressure were maintained at 2 pproximately 165°F
and 15 psi gage, respectively.

B Ui - A vd b ook vl

B 2. FLU~5 airplane ducts, intercoolers and bleed—off valve (Part No, 128891)
. were installed (see Plates 53, 57, and 58) and suitable ducting was fabricated
so that the interccoler outlets were connected to the plant exhaust system and
S the inlets were’ connected to the cooling air blower drum. L set of auxiliary
- - . inbercoolers was placed in the cold air stream of the adjacent dynamometer room,
e ( ) and by suitable piping, water was ccoled in thes:z interccolers and s prayed on the
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face of the engine intercoolers, With this arrangemert it was possible to
attalin the desired ¢arburetor air temperatures except at very cold eonditions,
FLU-5 flight data were used to determine the interccoler -effectiveness ratios

vhich is used to calculate the required carburetor air temperatures,

The

following table shows the interccoler effectiveness ratios used during

30,000 to 38,000

calibration:
. Altitude ; Military Speed : Normal Speed ': Below Normal
: (Feet) : Eff, Ratio # : Eff. Ratic %: Eff, Batio %
0 to 20,000 68 ~'70 70
20,000 t-o- 30,000 6L 68 70
61 65 70

‘e 80 85 00 s0 gs 4 0 o0

Theseé riatios were calculated by the fellowing formula:

Aux., Exit Temp, — Carb, Air Temp.

Effectiveness Ratio =

Aux, Exit Temp. -~ Std. Altitude Temp,

The carburetor air temperature used was the average of five

thermocouples on the carburetor screen amd one in the
carburetor scoop.

23, A manual mixture centrol unit was attached to the carburetor (air
pressure to the metering chambers) to cbtain desired fuel flows for mixture

control and detonation-limited runs,

°

24, Sperry detonation detecting units were adapted tc the intake rocker
boxes on each of the 12 cylinders, Detonation was limited to "incipient”

conditions-defined as “one or more cylinders indicating detonation at irregular

intervals, none indicating a definite frequency".
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RESULTS AND DISCUSSION

. 25, The location of the various plots and photographs in this report are
g as follows:

s AR F & T

: _ Title ) o 'P}.atca_ Nose ¢

: Altitude Characteristics - Normal Mixtures i ltob

(_ : Sea-Level Charicteristics ~ Normal Mixtures : 7 to 10

SN : Altitude Characteristics ~ Rich Mixtures : 1l .to 16 :
$ : Sea-Level Characteristics ~ Rich Mixtures : 17 to 20 :

* : Cruise Altitude Characteristics - Normal Mixtures ¢ 21 to 26

e 27 :

Sea-Level and Altitude Overpower Runs : 28 to 30

Adto. Manifold Pressure Regulator Checks at A¥titude : 31 to 3L

|

| - : Normal and Military Critical Altitude Checks
{ Minimum Mixture Characteristics - Sea-level
\

[

H 5 35 2
s ¥Winimum Mixture Characteristics =~ Altitude ) : 36 :
! : Detonation Limited Mixture Response Curves - Sea-Level g 37 g
: Detonation Limited Mixture Response Curves — Critical Altitude ; 38 H
' ¢ Carburetor Characteristics — Engine and Air Box ¢ 39 and 4O :
. Correcti on Curves -~ Carburetor and Mixture Temperature 3 Ll g
. = Aux, Stage Inlet Temperature g L2 .
: ~ Back Pressure, Neutral Gear : . L3 3
: > - Back Pressure, High Gear : Lh e
: --Cylinder Head Temperature g L5 3
: Cruise Stability Characteristics %With and Without Anx. Stage e 0
: Bleed-Off Valwe . A t L6 and A7 :
. ¢ Aux, Stage Impeller Performance at Cruise Powers 2 L8 :
: : Friction Characteristics ¢+ L9 and 50 :
: 0il Flow and Heat Rejection Characteristics : 51 z
! : Torquemeter Calibration. : 52 .
. ¢ Sketch of Induction System employed for Calibration 3 53 g
8 ( , ¢ Photograph of Main Accessory Drive Shaft Failure on : H
o ¢ Engine, No. P-28015 : 54 2
H : Photographs of No, 8 Piston Failure and Cvllnder on g :
Y :  Engine, No, P-28802 ¢ 55 and 56 :
4 : Photographs of Engine Set-up in Dynamometer Room : 57 and 58 :
u : General Views of Engine : 59 to 61 :
| o Additional information on engine operation may be found in references (d), (e),
B (£), and (g).
'/7.:4
A
A ‘; 4
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tion curves, The altitudes, SFC's, manifold pressures, etc., plotted therein
for the various speeds and powers are indicative of the values that are obtained
in "rich" and "normal' mixture positions of the FR~64BR2 carburetor incorporating
the P.L. No. 3909L40~10 setting (see Plates 39 and LO). Temperatures at the
auxiliary stage entrance ducts were maintained at .standard altitude: conditions,
as were the exhaust pressures at the outlets of the F-L47N airplane~type exhaust
collector. Carburetor air temperatures (avemage of 5 thermocouples on the
carburetor Screen and one ir carburetor scoop) were maintained (by use of the
FAU-5 interccolers) at: the desired values depending upon F4U-5 intercooler
effectiveness ratios (see Paragraph 22). The Stromberg CO-3F Automatic Manifold
Pressure Regulator was set at sea level to obtain approximately military and
normal powers at the critical altitude for 2800 and 2600 rpm respectively, the
altitude then being raised in successive steps, without touching the regulator,
until a full throttle power line was established. At 2h00, 2200, and 2000 rpm,
the regulatiHr was similarly set to obtain 165 bmep at the eritical altitude. At
the lower speeds howevér, auxiliary stage supercharger ,s‘oalhng was encountered
at critical altitudes, and it was decided té set the regulator to obtain 165 bmep
at sea-level. The auxilizry stage "bleed-off" valve was installed and connected
to operate as it does in the airplane installation. All data included in this
report were obtained using a production Model R-2800-32W engine, No. P-28802, ard
using AN-F-42 (115/1L5) fuel unless otherwise noted, The following table shows
the manifold pressures, airflows, fuel/air ratios, SFC's, carburetor air tempera-
tures, using normal and rich mixture strengths;, at normal, military, take-off
and overpower conditions,.

3 t \: : s s . g 3 :Cérbf. s Air
: : : :Alti tude ¢ ASRP : : : Air :Flow :
$__Condition : Gear RPM tBHP :Mixture: (Ft.) 'In Hg.:FLA s SFC 'Temp°F Lb/Hr*
{Take-off sPart.Low :2800:2300: Rich :Sea Tevel: 64.7 :.105: ,90: a3 :19700:
{Take-off :Part.,Low :2800:2300:Normal :Sea Level: 64.3 :.103: .88: &3 :19700:

:Normal Rated :Part.lLow :2600:1900: Rich ;Sea Level: 53.6 :.106: .88 75 :15600:
:Normal Rated :Part,low :2600:1900:Normal :Sea Level: 53.L :.103: ,83: 72 15400
:Military Rated:Part,Low :2800:2300: Rich :Sea Level: 6L.7 :.105: .90: 83 :19700:
-Mllitarv Rated:Part,.low 2800 2300 Normal :Sea level: 6h.3 :.103: .88: 83 '19700:

: Min. : o . s . : &
:Normal Rated :Slip High: 2600' 1500 Rich : 32,500 : 49 :.,102: ,99: 58 .1h600:
3 s+ Min, . : : . . 8
'Normal Rated :Slip High: 2600 1500 Normal : 32,800 : 50- :.10 : .97: 57 lh’?OO
: Min. g : : :
'Millt.ary Rated:Slip High: 2800' _.800 Rich : 30,600 : 63,5 :. 103 1. 09 89 : 19200
:  Min, : 2 H :
'M:Llitarv Rated:Slip High: 2800 1800: Normal 30,900 : 63.5 :.102: l 06 90 .LS’lOO
. OVERPO¥ER CONDITIONS :
: Take—off :Part.Low :2800:2500: Rich iSea Level: 72.5 :.098: .86: 98 :22300;
: ¢ Min,. H 8 : 5 : : : . 3
M litary :S1ip High: 2200+ 2110' Rich : 26,600 : 72,2 :.10 :1,06: 96 :22L00:
. 1LL -
e =
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26. Plates 1 to 20 inclusive show the sea-level and altitude basic calibra-
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27, Plgtés=21 to 26, inclusive, show the cruise power altitude characteristice
( of the engine, at varigus power conditions and at 2200 and 1800 rpm. "Normal®

mixture strengths were used throughout, and the same procedure of cperation
outlined in the preceding paragraph was employed. These runs were made to
determine the operating conditions of maximum economy at these two cruise speeds.
Data indicates that at 2200 rpm, with the present carburetor sétting (P.L.No,
390940~10), maximum economy was obtained at approximately 33,5 in., Hg, manifold
pressure, This coincides with the air flow at which carburetor enrichment begins
at this speéd, However, at approximately 26,000 feet it is necessary to operate
at 37 in, Hg ASRP or higher to prevent auxiliary stage stalling, At 1800 rpm
stalling was encountered at approximately 18,000 feét, regardless -of the manifold
pressiré employed. Best overall economy was obtained at approximately 34 in. Hg
ASRP at this speed, Sé&e reference (h) for additionsl information on altitude
¢fuise conditions, -

Vs

28, Critical altitude mixture contrel runs, made at normal and military
powers, and at sea~level and high gear minimum slip conditions, are shown on
Plate 27. Stafidard altitude conditions were maintained at the FAU-5 airplane
auxiliary &tage enbrance ducts, and carburetor air temperatures were controlled
by the FLU-5 intercoolers to approximately 90°F. ‘Standard altitude exhaust
pressure was maintained at the outlets of the F-A7N type exhaust collector and
approximately 480°F cylinder head temperatures were employed, The engine was
operated without the manifold pressure regulator. Manifold pressure requirements
at. take-off and normal rated powers at sea-level will be slightly higher ( sez
Paragraph 2) with the Stromberg CO-3F repulator installed because the engine
wottld be opérating with a controlled throttle drop: however, critical altitude
runs will be thé same because full throttle and minimum slip high gear is attained
in both cases. These data indicate that, at guaranteed SFCfs given in reference
(b), the engine exceeds its guaranteed critical altitudes by 4100 feet at normal
rated power and 2200 feet at military power, minimum slip high gear.

9. Sea~level and zltitude overpower runs are shown on Plates 28 to 30,
inclusive, Runs were made with "Rich" mixtures as produced by the P,L. Nos
3905L0~10 setting of the PR-64B2 carburetor except at higher air flows, where
manual control was necessary (air pressure to carburetor diaphram) to prevent
excessive leaning, Standard altitude temperature was maintained at the auxiliary
(L y stage entrance ducts and carburetor air temperatures were regulated through the

g FLU-5 airplane type intercoolers to give intercooler effectiveness ratiés of
68 per cent at sea~level, 6k per cent from 20 to 30,000 feet, and 61 per cert fram
30 to 40,000 feet, AN-F-48 (115/145) grade fuel was used throughout, and manifold
pressures at sea-level and critical altitude were increased until limited by
inciplent detonation. Also plotted on these plates are data from an overspeed run
(2900 rpm) at take-off power, sea-level, which indicates the effects of increased
engine rpm on manifold pressure, air flow, ete,, requirements,

- 15~
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30. Plates 31 to 34, inclusive, 'show altitude characteristics and hysteresis
checks of the Stromberg CO-3F Automatic Manifold Pressure Regulator (No, B-10077,
P.L. No, 3909433) at nommal rated and military speeds. These runs were made with
the Stromberg FR-6LB2 carburetor in the "Normal" mixture position (P.L, Now
390940~10), with standard altitude témperatures at the auxiliary stage éntrance
ducts, and standard altitude pressures at the outlets of the F-4L7N airplane-type
exhaust collector, <Carburetor air temperatures were controlled by the FLU-5
airpldne intercoolers to agrée with intercooler effectiveness ratios shown on
curves. A constant setting of the manifold pressure regulator (set at sea-level)
was maintained throughout these runs and the altitude was varied in successive
steps from sea-level to above the critical altitude and then returned to sea-level.
Operation of the control was satisfactory and the regulation of manifold pressure
was within *1 in. Hg for the two runs made. Considerable surging was encountered
when the ¢ontrol shifts the couplines from low to high (and reverse) and at the
point just below the critical where the carburetor throttles are :fully opened,
However, this surging may not be encountered in the airplane installation (FiU-5)
to as great a degree since a constant inlet pressure is maintained at the auxilisn
stage entrance ducts, In thé dynamometer installation, suxiliary stage altitude
was controlled by a butterfly~type throttling valve. As the altitude was increasél
by throttling the air-flow to the entrance duéts, the point was reached where the
control supplied oil to the high coupling, (momentarily changing the impeller
speed) which in turn varied the air flow, This variation changed the entrance
pressure, angd before the butterfly altitude valve could be :chanzed (automatic or
manual), a surging condition was encountered, '

31, Minimum mixture characteristics of the engine in neutral, low and high
gears at sea-level and altitude are presented on Plates 35 and 36. Plate 35 shows
sea=level mixture control runs at cruise speeds using neutral and partial
auxiliary low ratios (near maximum slip) and includes various check points with
colder carburetor air and cylinder head temperatures., Plate 36 shows runs with
varying carburetor Aair and cylinder head temperatures for minimum slip operation
in low and high auxiliary blower using the automatic manifold pressure regulator,
These runs were made at higher airflows and speeds than would nomally be required
for high altitude operation because auxiliary stage supercharger stalling was
encountered at lower cruise conditions, OSpotted on the curyes are the "Normal®
mixture limits of the P.L. No, 390940~10 setting of the PR-64B2 carburetor, These
data indicate that, throughout the range tested, satisfactory engine operation can
be obtained at mixtures considerably below the carburetor setting when using
BG-RB19R spark plues, and a considerable saving in fuel could be obtained if the
"Normal" mixture setting was made leaner.

i
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(« 2. ?lates 37 and 38 show detonation-limited mixture response curves using
AN-F-L8 (100/130) and (115/145) grade fuels. Following is a table showing detona-
tion~limited powers at normal and military speeds, sea-level and critical altitude:
() } with the two gradé fuels tested: _
i, . -+ Puel ¢+ & Alt, tCAT:Mixture : Super :Cyl,Hd.: :ASRP ; Detonation !
g : Grade :RPM : Ft, ¢ SF:Position:Position:Temp,°F:F/A : In.Hg:Limited -~ BHP:
[ i : " s 1 Sea : ot - ; Part R : ' :
|, :100/130_:2800:Level : 97: Rich i Low _: A77 _:.105: 62,5 : 2200 - :
\ % . : : : Sea 3+ ¢ Normal : Part ¢ t s : : ;
1 (100130 :2600:Tevel : 98: Minus : Iow _: 475  :,081: 50.5 : _ 1900% _ : i
f - : :  :30,000: ¢ ¢ Full R : : s
; :100/130 :2800: to :125: Rich : Hign ¢ L85 :,106: 60.5 : 1590 :
; g 3 134,000: : 1 : 5 : g
: : :30,000: ¢ Normal s Full S : :
: :100/130 :2600: to :122: Minus : High : 480 :.078: 50 1500% : .
i ' 8 e F + 34,000 s s 3 : . : ° 5
! : 3 t t s N : : 3 e : s
4 : : : Sea : ¢ Normal : Part DR T : °
o :115/1L5 :PR00: Level: 97: Minus : Low ¢ 477 :,078: 6L 23003 :
| . : Tt : Sea’ : : Normal ¢ Part : R T ' K
3 +115/145 :2600: level: 98: Minus : Tow _: L75 :.066: 50 1900% v ¥
o T : :30,000: : Normal : Full : : S :
| B +115/1L5 :2800: to :125: Minus ¢ High .: L85 :.083: 62 18003 :
¥ - g s ¢+ 34,000 : : : : : s :
: ' 3 :  :30,000: : Normal : Full : 3 : 2
" :115/145 :2600: to :122: Minus : High : 480 :.,063: 52 " 1500%* : i
' g : :34,000: p : S : : : g .
;' # Guaranteed Ratings
¥ d
;j These data indicate tiet operation with grade (115/145) fuel is satisfactory
| { throughout the engine operating range, AN-F-48 (100/130) grade fuel is not
recommended for use with this engine at military speed unless the power is lovered
. { 3 to a value below 2200 bhp at sea-level and below 1590 bhp at the critical
5 altitude. An unusual occurrence was noted with this engine at military speed at
‘ ) both sea-level and the critical altitude; namely, an increase in mixture strength !
N B above certain values resulted in a decrease in detonation-limited brake horsepover. ¥
| § : This may be attributed to the fact that as the fuel-air ratio is increased (a.boveo ) :
| maximum power) more auxiliary stage supercharging is necessary to compensate for |
{ the pover lost by richened mixtures, and this in turn increases the friction ‘ I
N horsepower and indicated mean effective pressures. A point is evidently reached .
3 I where the anti-knock tendency afforded by the increased mixture strength is '
Lo counterbalanced and overcome by the increased IMEP, resulting in a decreased
LS It detonstion-limited brake horsepower, Cruising power runs at sea-level and altitud:
o - : 3
"o ()
1 A i
: 4
LR - 17 -
I % |
3 ' T e .-
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( aye also shown on these plates. These data indicate that operation would be satise
factory throughout with (115/145) grade fuel as no detonation could be obtained
at these cruise conditions. AN-F=~48 (100/130) grade fuel also provided e
sati sfactory detonation-free operation at cruise speed and power loading
conditions,

s

33. Engine and air box carburetor characteristics are shown. on Plates 39 and
LO. The Stromberg PR-6LB2 carburetor, No, 728821 incorporating the P.L. No.
390940-10 setting, was used for these checks, and this carburetor was iused
throughout the entire calibration. Pratt and Whitnéy acceptance limits are also i j
plotted on Plate 39, and show that the carburetor metering was well within these - H
limits: These data also show that altitude compensation of the carburetor was " 0
( satisfactory. Mixture control runs and detonation~limited mixture response runs, -
discussed in the preceding paragraphs and plotted on Plates 35 to 38, inclusive, ) :
indicate that sati sfactory cruise operation was obtained at leaner mixtures, ‘
and the cruise range could be extended to a higher airflow before enrichment was
necessary, It is therefore suggested that the possibility of lowering the cruise

normal mixture limits to values nearer best -economy and increasing the cruise

operating airflow range be considered.

3L. Plate L1 is a correction curve for carburetor air temperature deviation >
from standard temperature and a correction curve for mixture temperature deviation

from the plotted calibration values. These curves are derived from svarious runs

at different powers made with constant manifold pressure, fuel-air ratio, and .
cylinder head temperatures (for each run) and combined to give a percentage power
correction.
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35, Auxiliary stage inlet temperature correction curves at sea~-level and the
critical altitude are plotted on Plate L2, Various speeds were run and combined .
to obtain these curves and all inlet conditions to the cylinders were maintained = &
constant; that is, constant fuel-air.ratio, mixture temperature, manifold pressure :
and cylinder head temverature for each run. The data show that for critical

altitude operation with minimum slip, high blower, where cold auxiliary stage

inlet temperatures prevail, there is mo power correction necessary for temperature
variation through the auxiliary stage. For auxiliary stage operation at sea-level

= however, there should be a slight correction for temperature effects on auxi liary

e(\'; stage power requirements 2s indicated on the curve, it is believed that this

g increase in power requirements with hotter air at the auxiliary stage inlet ducts .
may be due to efficiency consi derations of the dual avuxiliary superchargers, or ‘ 3
-3 to higher supercharging requirements for the same mass airflow with the hotter aixn
thereby increasing the auxiliary supercharger friction ard pumping horsepower,

FW ogpoimme e VSR - 0

e

L neutral gear, sea-level, and at minimum slip, high blower conditions, cri tical
ol altitude., For each run, the inlet conditions, to the cylinders (manifold pressure
N and temperature and fuel-air ratio) were maintained constant and the exhaust .
o pressure varied to change the Pe/Pm ratio (exhaust pressure to manifold pressure).
s T = At minimum slip, high gear conditions, speeds below 2000 vpm could not be run

| S ( ) because of auxiliary stage impeller stalling. It is interesting to note thiat at

" these high gear conditions, the percentage power correction for speeds from 2000

[ . 36 Plates 43 and LL show the exhaust back pressure correction arves in
|

| YA .

T § to 2800 rpm is the szme, based on Pe/Pm ratios.,
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37. Plate 45 shows the effect of cylinder head temperature on bhp at low
gear military, nomal, and two cruise speeds. Inlet conditions to the cylinders
were maintained constant throughout each run (fuel-air ratio, manifold pressure
and temperature).

38. Cruise stability operating limits of the engine with and without the 5
auxiliary stage "bleed-off!" valve are shown on Plate 46, Plate 47 is an additiona: J
plot showing the approximate altitudes at which stalling was encountered. The

Stromberg CO-3F Automatic hanifold Pressure Regulator was set at sea-level and the

engine speed held ronstant, The altitude was then raised gradually to above the
critical altitude and retumed to sea~level, noting any stalling tendencies of the
auxiliary impellers. A surging condition was generally encountered before stall, :
and was accompanied by a high amplitude, low frequency vibration, Complete stall

was readily ascertainéd by a sudden rise in temperature at the auxiliary stage

entrance screen of the stalled impeller, Temperatures in excéss of 24L0°F have

been measured on this screen., The greatest tendency toward supercharger stalling
was noted while descending in altitude néar the critical altitude when the super-—
charger slows down in shifting from minimum to maximum slip high gear and also
from maximum slip high to minimum slip low gear. In practically all cases, the
right hand impeller was the one that stalled. The auxiliary stage "bleed-off"
valve prevented supercharger stalling at certain conditions, but high gear
operation is still restricted. The following table lists rpm and manifold pressue
combinations that should be used for high altitude cruise operation with the °
"bleed-o ff' valve:

: A1%3 tude ' Recommended ASRP At Given ROV :
: (Ft.) s 2300 L2000 "2100_: 2000 _: 1900 ;1800 :
: 02 3, ooo 24 to 4212 to h2:2h to 42:2h to h2: 2w to A2 : 22U to k2 .
T 3 : : : : :
: 3-16, OOO.2h to h2. 2L to h2. ¥* s 3 .t * : #* : )
: ) . © :Unsati si‘actorV' Unsatisfactory: ‘
‘16-20 OOO 2L to h2: 2L to h2 ¥* : ¥* : Throughout : Throughout N
g : +39 in, &:Unsati sfactory:Unsatisfactozjy. L
~20-<h,000 2L to h2 2L to L2: * : ahove Throqghout ¢ Throughout g Y
: :36 in. &:37 in. &: 38 in. &:39 in, &:Unsatisfactory: Unsatisfactory:

'2h~h0 OOO above : above : abc_we : above : Throughout : Throqgh_out .

%* Stalling occasionally encountered, particularly when decreasing
altitude at near coupling change conditions., Also encountered
at low manifold pressures when going into Aux. Low, _ .

- 155~
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( th was found that the best method for getting out of stall was to rapidly
increase rpm and manifold pressure, However, a serious power and speed surge
vas encountered in the dynamometer installation vhen this method was employed
and the stalled impeller suddenly returned to full pumping capacity. It is
beljeved the surge would be considerably less in the airplane (FAU~5) because of
the faster action of the propéller speed regulation, Verbal contact with a
representative of Squadron VX-3 NAS, Atlantic City, in regards to high altitude .
auxiliary stage supercharger pulsation in the FAU-5 airplane, indicated trouble
was encountered at similar operatineg conditions as the dynamometer engine, and
the best method to eet out of stall was to increase engine rpm, References (1)
and (j) present additional information on this suhiect.

39. Plate L8 shows auxiliary stage overall performince characteristics of
the R-2800-32W engine, No. P-28802. These runs were made with both auxiliary
supercha rgers exhausting to atmosphere., Each of the dual superchargers was
tested separately; airflow through the test supercharger was controlled by a
butterfly-type altitude regulating valve, the other auxiliary supercharger being
open to. atmosphere, The engine was run at the spéeds shown using the full high
! ratio (minimum slip) of the auxiliary stage (9.65 to 1). Data plotted show
pressure ratio (across each auxiliary supercharger) vs, Qo/1000, Following is a
list of symbols and definitions used,

T T et e A R T W g cmE e,

Ao r

Qo = Bouivalent inlet volume ajrflow, Wfe-

Q = Inlet airflow, cu. ft./min. = wl'
1T

* evnow wz o s
P

#

-

© = Temperature correction factor = Ty/518.¢

"

AL R S e

W = Weight airflow = K I‘%@, - Lb,/Hr
. ’ , ’ : °

Tq = Inlet temperature; °R.

o
T

PlT‘: Inlet pressure, total

: Similar data from Pratt and Whitney supercharger performance curves (see

ol reference (i)) indicated auxiliary impeller stall points were in good agreement

~ f between the two sets of data, Corrected airflow curves of the engine, when

spotted on these curves, indicate that the auxiliary superchargers are operating

at near stall conditions at high altitude, low speeds, and manifold pressures,

‘ P However, the purpose of the auxiliary stage bleed-off valve is to dump a portion ¢
" of the air (approximabely 3%) overboard after it has been compressed by the dual

o suxiliary impellers {a wasteful process because of the higher SFC's encountered),

P and thus keep the dual stages operating at a higher capacity and above the stall

oo limit line., The auxiliary impellers are therefore pumping slightly more air than

|1 " ' ) is being used by the engine (values plotted on calibration curves). The
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performince curves plotted indicate that the two dual superchargers were not
equally matched and the left hand supercharger developed a higher pressure ratio,
for a given impeller speed, than the rictht supercharger. Therefore, as the
outlets operate at the same pressure {carburetor top deck) and inlets are at
airplane altitude, theré is an urbalance between the two superchargers and it is-
doubtful whether they will divide the load equally. It is believed the supere.-
charger orerating at the lower pressure ratio will tend to reducé airflow in an
effort to balarice exit preqsures, and as the curves are relatively flat in this
overating range, will go into stall. 1n nearly -all cases. where unstable

operation occurred during the calibration, stalling was noted at the low output
(right) impeller,

LO. Plates 49 and 50 show the altitude friction characteristics of the
engine at the same overating conditions as the "normal" altitude calibration,
Because of horsepower limitations of the dynamometer (aporoximately 620-bhp) it
was necessary to estimate normal and military rpm friction at powers above this
value, Since operation was in auxiliary stage at these conditions, estimations
were based on additional power requirements of the auxiliary stage (on a
temperature rise and weight airflow basis) and oil heat rejection characteristics.,
Friction horsepower (difference between indicated horsepower and brake horsepower)
is considered the sum of the horsepower absorbed by both superchargers, the
mechanical friction of the engine, and the pumping action of the pistons. Since
the engine was: not operat.nng at the same temperature 2t vwhich it would operite
when firing, there was probably some error in simulating both the mechanical
friction (effect. of temperature upon bearing clearances, oil viscosity, etc.) 2nd
the pumping horsepower (improper valve timing 2nd incorrect temperature of the
air flowing through the cylinders): However, since the horsepoweyr absorbed by
the superchargers of this type engine constitutes the greatest portion of the
frictien horsepower, the values plotted should be a close approximation. Friction
losses at high gear, auxiliary stage were extremely high and accounts for the
high specific fuel consumptions encountered at these conditions. As an example,
a® high gear military power critical, the engine was actuslly developing over

2900 bhp but only 1800 bhp was being delivered to the propeller shaft for useful
outputs

Ll, Plate 51 is a plot of o0il flow and heat rejection characteristics of
the engine at propeller load powers, sea~level, These data show that the engine
exceeds the guaranteed oil flow limits (see reference (b)) at military speed,
and that oil flow and heat rejection at normal rated speed are marginal, O0il
flow and heat rejection of the engine with the CO-3F Automatic Manifold Pressure
Repulator in operation are somewhat higher than without it because a controlled
throttle drop is maintained for 211 altitudes below the critical.

L2, Plate 52 is 2 comparison of brake horsepower output of the engine as
determined bv the engine torquemeter and by the dynamometer, The constant of
158.3 checked dynamometer determined power well within * 2 per cent.
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L3, Plate 53 shows a sketch of the induction system vuséd for the
calibration, Plate 54 is 2 photograph of the main accessory drive shaft failure
on the first calibration engine, YR-2800-32%, No, P-28015. Plates 55 and 56 show
photographs of No, & piston failure and the mating cyliader of Pratt and Vhitney
R-2R00-32" engine, No, P-28802. Plates 57 and 58 are photographs of the engine
installed in the dynamometer room, and Plates 59 to 61, inclusive, show general
views of the engnne. -
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