DETERMINATION OF INSTALLED HORSEPOWER

FOR°LYCOMING RECIPRCCATING ENGINES Ly

DUR ING THE PERFORMANCE TESTING OF AN AIRCRAFT IT 1S DESIRABLE TO -

-

KNOW THE ENGINE POWER OUTPUT IN FLIGHT. THE POWER CURVES IN AvCO

LycomING ENGINE SPECIFICATIONS DO NOT NECESSARILY DEFINE TME -

-

ENGINE POWER OUTPUT WHEN THE ENGINE IS INSTALLED IN AN AIRCRAFT.

THE MOST COMMON METHOD OF OETERMINING ENGINE POWER OUTPUT 1IN

‘_\ *

FLIGHT IS WITH A CALIBRATED TORQUEMETER. HOWEVER, SINCE A TORQUE =

METER 1S NOT ALWAYS AVAILABLE AND/OR AODAPTABLE TO AN ENGINE

.

INSTALLATION FOR: IN-FLIGHT POWER CHECKS, AN ACCURATE ALTERNATE

METHOO OF DETERMINING POWER OUTPUT IS OFTEN REQUIRED. ONE SUCH

' RO
METHOD 1S DETAILED HEREIN BASED ON DATA ACCUHULATED”‘T LYCOH'NG

For oveR A 30 YEAR PER1I0OD.




OcTERMINATION OF INSTALLED HORSEPOWIR

FOR LYCOMING RECIPROCATING ENGINES

THE FIRST ATTACHED CURVE SHOWS THE RELATIONSHIP of Peak EGT 7o
CYLINDER MEAD TEMPERATURE, PERCENT POWER; AND PERCENT OF FUEL
CONSUMPTION. THE SECOND CURVE SHOWS THE EFFECT ON PERCENT OF
BEST POWER ( INDICATED HORSECPOWER) THAT PERCENT OF BEST POWER .
FUEL AIR RATIO OR BESY POWER INDICATED SPECIFIC FUEL CONSUMPTION
WIiLL HAVE AS THEY ARE VARIED. THE THIRD CURVE IS A FRICTION
MORSEPOWER CURVE FOR QUR ENGINES OF VARIOUS CUBIC INCH DISPLACE-
KENTS. THE FOURTH CURVE GIVES THE BEST POWER INDICATED SPECIFIC
FUEL CONSUMPTION VERSUS INDICATED MEAN EFFECTIVE PRESSURE FCR
ENGINES OF VAR IOUS COMPRESSION RATIOS. | T SHOULD BE NOTED THAT
FOR ANY POWER SETTING OVER 655 OF RATED POWER, THE VALUVE OF THE
PORTION OF TME CURVE WITH ZERO SLOPE SHOULD BE USED. IF INITIAL
CALCULAT IONS SHOW THAT THE POWER IS BELOW 658 OF RATED, THE MEAN
EFFECTIVE PRESSURE CAN BE CALCULATED FOR THE POWER DETERMINED
AND A NEW VALUE FOR SPECIFIC FUEL FLOW QOBTAINED. THOUGH THE
RESULTING SPECIFIC FUEL FLOW VALUE MAY NOT BE 100% CORRECT, IT
WILL BE BEYOND THE ACCURACY OF A SLIDE RULE. THESE CURYES HAVE
BCEN ESTABLISHMED BY ACCUMULATING EMPIRICAL DATA FOR MANY YEARS
AND CAﬂ B8 CONSIDERED TO BE ACCURATE 7O WITHIN Tﬁ&_}tHITS QF
SLIDE "RULE CALCULATIONS. ‘7

FROM THESE CURVES SEVERAL FACTS HAVE BEEN ESTAGLISHED:

1. AT peax EGT THE ENGINE 1S DEVELOPING 96.8% oF 1Ts BEST 1NDI-
CATED MORSLPOWER FOR THE PARTICULAR THROTTLE SETTING.

2 AT PEAK EGT THE ENGINE HAS A FUEL AIR RATIO OF 0648 wHich
1s 845.9% oF THE BEST POWER INDICATEC YCICIEENEN FUEL GONSUMPTION.

3. 100% PowgR OCCURS AT BETWEEN .0765 ano .OBHO FuEL A1r RATIO.
(FoR catcuLATIONS .OT8 HMAS PROVEN AN ACCURATE VALUE TO Ust.)

4. THE FUEL FLOW VARIES WITH THE SAME RELATIONSHIP AS THC FUEL AIR
RATIO.

5. A DEFINITE VALUE FOR INOICATED SPECIFIC FUEL CONSUMPTION CAN BE
" ESTABLISHED FOR EACH ENGINE AS LONG AS THE COMPIESSION RATIO IS5

KNOWN .,

USING THE AFORENUMERATED FACTS AND REFERRING TO THE ATTACHED CURVES,
THE ACTUAL INSTALLED HORSEPOWER OF AN ENGINE CAN BE DETERMINED F
THE FUEL FLOW IS ACCURATELY MEASURED ANO THE PEAk EGT CAREFULLY ESTABLISMED.




DETERMINATION OF INSTALLED HORSEPOWER
For Lycoming RECIPROCATING ENGINES
(Cont.)

IT SHOULD BE NOTED THAT WHEN USINC A FIXED PITCH PROPELLER, THE RPM wiLL

OROP SLIGHTLY FROM BEST POWER FUEL FLOW TO PEAX EGT FUEL FLOW. SINCE THE
CURYES ARE ALL BASED ON A FIXED MANIFOLD PRESSURE, THE RPM AT Peaxk EGT 1s
THE RPM FOR WHMICH BEST POWER 1S BEING DETERMINED. ExampLE:

.
]

i

a. Ewnacing 0-360-A (Fixep PiTcH PROPELLER).
8. RPM set at 2500.
c. AT peax EGT, FF = 57 La/HR RPM = 2475,

' - 0 .
5. FRom FACTS 2 ano Y4, 57 Le/ur s 84.9% or eest rower (1NDICATED) FUEL
FLOW. : . . ..
. 3 . - )

E. THEREFORE BEST PowER (iINDicaTED) FUEL FLow 15 67.1 Le/uR.

-

f. FROM THE FOURTM CURVE, SINCE THE COMPRESSION RATIO IS B8.5:1, THE BEST
POWER INDICATED SPECIFIC FUEL CONSUMPTION 1S .UOT 1e/ne/uR.

6. 67.1 L8/Wr oF FuclL DIVIOED BY .BO7 LB/HP/MR GIVES AN INDICATED HORSE-
pcweER OF 165 IHP.

H. FROM TME THIRD CURVE, WE DETCRMINE THAT AT 2475 RPM TtHE 0-360 ENG INE
nas 25 FHP.

. SUBTRACTING THE 25 FHP rFrom 165 IHP, 1T 1S SHOWN THAT THE ENGINE IS
oevELOPING 140 BHP as insTaLLED aT 2475 RPM AT BEST POWER MIXTURE
STRENGTH AND AT THE MAN{FOLD PRESSURE WHICH WAS USED. '

ALTERNATE METHOD

THE AvCo LYCOMING BOOSTED ENG!NES DEVELOP SUFFICIENT POWER TO PRECLUOE
peak EGT (orR TIT) OPERATION AT THE MIGHER POWER LEVELS. |T IS POSSIBLE
TO USE THME ABOVE METHOD TO IDENTIFY THE POWER VERSUS MANIFOLD PRESSURE
CURVE AT WHATEVER ENGINE SPEED 19 DESIRED. THREE OR MORE POINTS ARE
SUFFICIENT AT LOW POWER LEVELS 10 DO THIS. DURING THIS DATA ACQUISITION
THE COMPRESSOR OISCHARGE OR INJECTOR ENTRANCE AIR TEMPERATURE SHOULD BE
ESTABLISHED FOR EACH POINT IN ADDITION TO THE OTHER NECESSARY PARAMETERS.

THE INUDICATED HORSEPOWER (BRAKE + FRICTION HP) 15 A DIRECT LINEAR FUNCTION
OF MANIFOLD PRESSURE AND AN INVERSE FUNCTION OF THE INDUCTION AIR ABSCLUTE
TEMPERATURE RAISED TO A GIVEN POVER (%) AS LONG AS MIXTURE STRENGTH REMAINS
CONSTANT. TMESE FACTS MAY BE USED TO CALCULATE THE POWER AT CONDITIONS
WHICH ARE BEYOND THE CAPABILITY OF THE PEAx EGT METHOO ALONE.

(') WHEN THE ENGINE 1S PORY INJECTED THE CORRECTION (5 TO THE .8 power.

WHEN TME ENCINE 1S CARBURETTED OR HAS A "WET" INDUCTION SYSTEM, THE
CORRECTION 1S TO THE .5 POWER.

-2-



DeTerMiINATION OF INSTALLED MORSEPOWER
For LYCOMING RECIPROCATING ENGINES

(Cont.)

To ILLUSTRATE THMIS METHOD WE WILL CONSIOER a T)0-540-J28D (rorT
INJECTED) ENGINE AT 20,000 FEZT PRCSSURE ALTITUDE. 1T 1S TurRNING
AT 2575 RPM AT FULL THROTTLE, RESULTING In 42.80"HG. maNIFOLD
PRESSURE. TNE COMPRESSOR O|SCHARGE TEMPERATURE 1S 326°F anp THE
FUEL FLOV IS 225 LB/MR, WE WISH TO DETERMINE THE ACTUAL POWER
OUTPUT UNDER THIS CONDITION.

LEANOUT RUNS AT SEYERAL LOW POWER SETTINGS HAVE BEEN MAOE THROUGH
PEAKX EXHAUST TEMPERATURE. THE FUEL FLOW AT Peax EGT 1s PLOTTED.
AGAINST MANIFOLD PRESSURE TO REMOVE THE DATA SCATTER ANO DETERM|NE
THE FAJRED CURVE., FROM THIS CURVE WE FIND THAT AT 29.50"Ha. maniFoLO
PRESSURE AT 2575 RPM PLAKk EGT occurs AT 109 we/HR FueL rLow. Twe
INDUCTION AIR TENMPERATURE AT THE INJECTOR ENTRANCE 1S 115°F (575°R)
AT THIS CONDITION.

AT THE RISK OF BEING REPETITIOUS WE WILL GO THROUGH THE CALCULATION

NECESSARY TO DETERMINE THE HORSEPOWER AT THIS CONDITION. THE STEPS
TAKEN ONM PAGE 2 ARE APPLIED TO THIS SITUATION AS FOLLOWS:

A) 109 La/MR FueL FLOW AT pEAK EGT —— B4.9% = 128.5 u8/HR FueL FLow
AT BEST POWER.

8) Curve No. 4 smows THAT FOR A COMPRESSION RATIO OF 7.3:1 THE BEST
power ISFC s 0.424 ue/IHP/uR.

c) 128.5 ve/wr — 0.424 va/IHP/HR = 303.1 IHP.

o) From Curve No. 3 we rino 44 rFricTION MORSZPOWER AT 2575 RPM ror
rMe 10-S40 enGIne seriEs.

£) SueTracTing 44 FHP rrom 303.1 IHP resulTs 1N 253.1 BHP ouTpuT ar
BEST POWER FUEL FLOW.

HAVING MADE THIS DETERMINATION WE NOW MAYE A BASE WITH WHICH TO COMPARE
THE DATA TAKEN AT 20,0C0 rFeeT:

b2.80"Ha. x [ 5752 )% x 303.1 IHP—S> IHP a1 BEST POWER FUEL FLOW
A) 29.507He. 786°R

n) 1.450 x 0.778 x 303.1 = 341.9 IHP AT BEST POWER FUEL FLoOv.

¢) BesST POWER FUEL FLOW 1S DETERMINED 8Y mulTiPLYinGg 341.9 [HP x
0.424 La/IHP/HR To GET 144.9 LB/KR.

-3-



p)

c)

F)
G)

DETERMINATION OF INSTALLED HoRSEPOWER
For LycoMinG RECIPROCATING ENGINES
(Cont.)

22
BUT WE ARE RICHER THAN BEST POVWER BY 1454.9 x 100¢ or 155.2%.

PLua 155.2% BEST POWER FUEL FLOV INTO CURVE NO. 2 AND FIND THAT
91.2% OF AVAILABLE INDICATED HORSEPOWER 1S BEING PRODUCED.

91.2% x 341.9 IHP = 311.8 IHP AT 225 LB/WR FUEL FLOV.

POWER OUTPUT AT THE CRANKSHAFT (BRAKE sorserover) 1s 311.8 IHP -
44 FHP = 267.8 BHP AT THE CONCITION PRESENTED.

THE RELIABILITY OF THIS METHOD HAS BEEN E€STABLISHED THROUGH COMPAR I SON
OF DYNAMOMETER DATA. WHEN THME BASELINE 13 A;CURATELY ESTABLISHED THE
SUBSEQUENT CALCULATED POWER 13 WELL WITHIN SLIDE RULE ACCURACY.

-
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