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SUMMARY

A comparison has been made in flight cf the antlikmock charac-
terisgtics of 33-R fuel with that of 28-R and a triptane blend. The
knock-limited performance of the three fuels — 33-R, a blend of
80 percent £8-R plus 20 percent triptane (leaded to 4.5 wl TEL/gal),
and 28-R — wag investigatzd in two modifled 1l4-cylinder double-row
radlal air-cooled engines, Tests were conducted on the engines as
installed in the left Ilnboard nacelle of an alrplane. A carburetor-
air temperature of approximately 85° F was maintained. The condi-
tlons covered at an engine speed of 2250 rpm were high and low
blower ratios and spark advances of 25° and 32° B.T.C. For an
engine speed of 1800 rpm only the high-blower condition was inves-
tigated for both 25° and 32° spark advances.

For the conditions investigated the difference between 33-R
and the triptane blend was found to be slight; the performance of
33-R fuel, however, was slightly higher than that of the triptane
blend in the lean region. The knock-limited power obteined with the
33-R fuel was from 14 to 28 percent higher than that of the
28-R fuel for the entire range. of test conditioms; the greatest
Improvement was shown in the lean reglon.
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The knock~limlted powsr for any one fuel at a glven set of con-
dltions was essentially the same for the two modified englnes used
in these tests,

INTRODUCTION

At the request of the Alr Technical Service Command, Army Alr
Forces, an investigatlon has been made to evaluate 33-R fuel
(115/145) for 1ts antilmock characteristice and to compare the per-
formance of thls fuel with 28-R and a fuel blend of 80 percent
28-R plus 20 percent tripiene (leaded to 4.5 ml TEL/gal). This work
1s part of the general triptane and high-performance fuel program
being conducted at the NACA Cleveland laboratory. The knock-llmlted
performeance with 28-R and ths triptane blend has been determined
and compared with the cooling-limlted perfcrmance of a modified
double-row radial air-cooled eunglne. (See reference l.) The entire
cooling correlation for the engine and a complete description of the
Instrumentation for the alrplane 1s glven in reference 2.

Included hereiln are data on 33-R, a triptane blend, and
28-R fuels. The datae were obtalned with two modifiled englnes
installed successlvely in the left lnvoard nacelle of a four-engline
airplene. The data from the first modifled engine with the triptane
blend and 28-R were checked by the second modifled engine. The
33-R data were obtalned with the second test engine prior to a
fallure of the rear maln roller bearing and crankshaft, Flight
tests with the second englne were terminated by thils fallure after
a total of 43 hours of which 17 hours were at knock-limlted power.

TEST EQUIPMENT AND PROCEDURE

Fquipment and instellation. - The two R-1830-94 (modifiled)
englnes were altered to operate 1n conjunctlon with a turbosuper-
charger. The equipment and the lnstrumentatlion are the same as
described ln the appendlx of reference 2,

All instrumentatlion was set up to record data within a very
short perlod of time. Flgure 1 shows the lnstallation of thermo-
couples, cooling-alr pressure tubes, end knock plckup on the
cylinders.
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A fow of the measurements of particular interest in determining
the knock-limited performance of the fuels are as follows:

1. Carburetor-air temperature'— knock curves run at 85° F as
indicated by the standard B-24 thermometer unit. A carburetor-
acreen thermocouple was used for alr-flow caloulations,

2. Alr flow — computed from calibration of PD-12¥2-16 carbu-
retor involving air temperature and mecvering pressures of the
carburetor.

3. Fuel flow — indicated by a deflecting-vane-type flowmeter
and checked by a rotameter.

4. Knock detection — by megnetoatriction-type knock pickups
ingeirted into the combustion chambsr of all cylinders, Three
oacilloscopes were used to view the combustlion traces of three cyl-
inders simultaneously.

S. Mixture temperatures — by a bare thermocouple inserted into

the center of each Intake pipe at a distance of B% inches from the
superchargex outer case,

6. Embedded rear-spark-plvg-bosa thermocouple (TSB) — thermo-

couple Jjunction inserted one-third of head metal thickness in rear-
spark-plug boaa.

7. Rear-spark-plug-gasket thermocouple (To).

8. Rear middle-barrel thermocouple (TS) — thermocouple junc-

tions peened 1/16 inch into the outer barrel wall between fins 8 and
9 from top.

9. Cooling-air pressure drop - average total preasure at the
baffle inlet to the front-row cylinders minus the average static
pressure behind the rear-row cylinders, for heads and varrels.

Test fuelas. - The F-3 and F-4 knock ratings of the test fuels
as obtalned at the Cleveland laboratory are as follows:

Fuel Army-Navy performance numbers
F-3 rating P-4 rating
" (lean) (rich)
28-R 1.00 130
33-R 115 145

Triptane blend 109 147
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Test conditions and nrocedure. - The test conditlions are tabu-
lated as followa:

InglineCarburetor-{Blower|Sparx (Figure
speed |alr temper-jratio |advance
(rpm) |ature (deg
(°F) B.T.C.)
e
1800 85 Jigh 25 2
1300 85 High | 32 3
2250 85 High g5 4
2250 85 ! High | 32 5
2250 85 Low 25 6
2259 85 Low 32 7

The procedur= for conducting the knock teats is given in the
apper.ilx of roference 2. Briefly, carburetor-alr temperature was
maintained constant while test runs were mauc by boosting to the
knock-1limlted manifold pressure for a series of succecsive mixture
strengubs. Knock deta were taken whlle operating the alrplane at
an indicated alrepeed of approximately 200 miles per hour with full-
open cowl flaps on the test engine at a pressure altitude of
7000 feet. Conseguently, the cooling-air pressure drop remalned
approximately constant at 14 and 16 inches of water for engine
apeeds of 1800 and 2250 rpm, respectively.

RESULTS AND DISCUSSION

Presentation of data. - The knock data are presented in fig-
ures 2 to 7, Each figure is subdivided into two parts: (a) preasents
the Imock-1imited pocrfcrmance data of manifold pressure, brake horse-
power, fuc) Flow, brake specific fuel consumption, and average mix-
ture tazna-uiture; and (b) presents cylinder temperatures measured at
the reacr n.Zdle barrel, the rear-spark-plug gaslket, and the rear-
spark-pluz :-usa (cmbedded thermocouple). ZEach figure presents data
on all thiee fuels for a specific set of engine conditions. (See
table under Test Equipment and Procedure.)

The data as presented consist of knock polnts taken with two
modiflied englnes. The talled points indicate check data taken on
subsequent flights. All data after flight 46 were taken with the
second test englne; the data for 33-R were obtained with this engine.
In flights 38 and 56 (fig. 6) the embedded rear spark-plug-boss tem-
peratures are omitted owlng to instrument failures.
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Discussion of results. - The reproducibility of knock data for
the two engines was fairiy good, as 1s seoen in figures 2, 3, 6,
and 7. Usmally the knock-limited power differed by less-than:
40 brake horsepower; the exception was the check points with
28-R fusl in flight 56 (£ig. 8).

In figures 2 and 3 for an’engine speed of 1800 rpm, high
blower watio, and spark advances of 25° and 32° B.T.C,, respectively,
33-R fuol permits approximately 8 percent higher knoci-limited
povwer at a fuel-alr ratio of 0.065 than the triptane blend and about
the samo performance as the triptane blend fuel in the rich region,
This trend is 1n egreement with Aruy-Navy performance rating. The
knock-limited power with 33-R fuel was from 15 to 28 percent higher
thean with 28-R fuel for the range of test conditions in theme figures.

Figures 4 and 5 for an engine apeed of 2250 rpm, high blower
ratlio, and spurk advances of 25° and 32° B.T.C., respectively, show
the krnock-limited power with 33-R fnel for these conditions to be
generally about the same as with the triptans blend and from 14 to
21 percent higher than with 28-R fuol.

Included in figure 4 are knock polnts for 28-R fuel taken dur-
ing a meries of runs of flight 34 by operating the engine at a
constant maximm rear-sparik-plug-boss temperature of approximately
4650 F. These data indicate that the knock-limited performance
differs only slightly when the knock curve is determined at constant
head temperature rather than at constant cooling-air presaure drop.
All the other knock curves were obtailned at constant cooling-ailr

pressure drcp and engine temperaturss varied as shown in figures 2(b)
to 7(b).

lnock data at an engine speed of 2250 rpm with low blower
ratio are presented in figures 6 and 7 for spark advances of Z5°
and 32° B.T.C., respectively. For these conditions the knock-
limited power of 33-R 1s approximately 7 percent higher than that
of the triptane blend at a fuel-air ratio of 0.065. For the condi-
tions tested the difference between the I3-R and the triptane blend
fuels is slight; however, the performance of 33-R 1s slightly
higher in the lean region. The knock-limited power with 33-R fuel
1s from 14 to 28 percent higher than that with the 28-R fuel for
the test conditions. 'The greatest ilmprovement on percentage basils
1s shown in the lean region.

The following table presents a ccmpariscn of the knock-limited
performance of 33-R and the triptene blend relative to 28-R:
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RATIOS OF KNOCK-LIMITED ERAKE EORSEPOWER OF TEST FUELS RELATIVE
TO 28-R AT A CARBUREIOR-ATR TEMPERATURE OF 83° F

Fuel ——> 33-R Triptane blend

Fuel-ailr ratlo —— 0.065f 0.03] 0,09| 0.085| 0.08 | 0.09
Engine speed, 1800 rmm;f{ 1.21 | 1.21{ 1.19f 1.11 | 1.21} 1.20
high blower; spark
advance, 25° B.T.C.

Engine speed, 1800 rpm;{ 1.28 { 1.23}| 1.22) 1.20 | 1.19] 1.20
high blower; spark
advance, 32° B.T.C.

Engine speed, 2250 rpm;| 1.19 | 1,20} 1.14} 1.24 | 1,19} 1.21
high blower; spark
advence, 25° B.T.C.

Engine speed, 2250 rpm;{ 1.16 | 1.21} 1.20| 1.15 | 1.28 | 1.27
high blower; spark
advance, 32° B.T.C.

Engine speed, 2250 rpm;| 1.28 | 1.24 ; ----| 1,20 | 1.21 | 1.24
low blower; spark
advance, 25° B.T.C.

Engine speed, 2250 rpm;{ 1.23 | 1,17 | ===~} 1.15 | 1.17 | ===~
low blower; spark
advance, 329 B.T.C.

SUMMARY OF RESULTS

The followlng results apply to the modifled double-row radlal
air-cooled engine in a four-engine alrplane for tests conducted at
englne speeds of 1800 and 2250 rpm, at spark settings of 250 and
32° B.T.C., and for high and low blower ratios:

1. The knock-1limited performance of 33-R fuel was approximately
the same as that of the triptane blend. It was somewhat higher in
the lean reglon and had a tendency to be slightly lower in the rich
reglon,
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2, The knock-limited power obtalned with 33-R fuel was from
14 to 28 percemt higher than 28-R fuel. The lmprovement on a per-
- centage basls was- greatest 1n.the lean region.

3. The knock-limited performance of the two modified engines
was essentially the same for the conditlions investigated.

Alrcraft Engine Research Leboratory,
National Advisory Coumittee for Aeromautics,
Cleveland, Ohio, August 8, 1945.
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