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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

EFFECT OF CARBURETOR-MIXTURE-CONTROI, AND SUPFRCHARGER
CHARACTERISTICS ON FUEL EKNOCK UNDER SIMULATED
SPA-LEVEL FLIGHT CONDITIONS

By Addison M. Rothrock and Jerrold D, Wear

SUMMARY

Knock-1imit data were recorded for a current 100-octane~
number aviation gazoline in a full-soale esingle-cylinder test
engine, Inlet-alr temperatures were the temperatures estlmated
from a consideration of the temperature lncrease through an
alrcraft-englne supercharger. Lcw-spoed and high-speed super-
charge.,s were consldered in making these estimates. A ocarburetor-
mixture~-control curve was assured from which, in conjunction with
the knock-1limlt data, estimates wero mado of thcse conditlons
under which the ongine would kmock with a current 100-octane fuel
at sea level.

The date indicate that the rolation of the carburetor-
mixtvrewcontrol charasteristlcs to the knock characteristics of
the fuel is an lmportant factor 1ln determining knock-free opera-
ticn, Toe deta further lndicate that for the estimated condil-
tions kn-ck 1s more apt to occur at crulsing than at tako-off
powor. It will he necesasary to provide'a manual device for lean-
ing the mixture to fuel-alr ratios of 0,060 or less i1f knock-frce
operation 18 to be Insured at thie other operating fuol-alr ratios.
A method is outlined for presenting data considering the knock-
ing characteristics of tho fuel, the lnlet-air temperatures re-
sulting from tho compression of the air in the supercharger, and
the carburetcr-mixturc-control ckaracteristiocs.

INTRODUCTION
In most singla-cylinder doterminatiors of the knock limit

of aviation gasolines, tests have been conducted under condi-
tions 1n which the effect of engino spoed on the heating of



tho inlet air during the supercharging process has not been
consldered; nor has conslderation been given to the relation
between the knocking characteristice of the fuel and the meter-
ing characteristics of the carburetcr.

In the present report deta will be dlscussed in which the
inlet-air temxperatures at thres dirferent englne speeds were
the temperatures estimetecd from a considoratlon of the charactor-
istics of the pupe~chargor (fig. 1), These data were computed
from the ccnventlonal sujorcharpsr ejquaions glven 1in the ap-
pendix; an inles-air Lemperature of 100° F and a suporcharger
adlarablic effliclenc;” of 72 percent wore asaumed,

The solid line of figure 1 represents a high-speed super-
charger gliving a maximum pressure iatlo of 2,.35; the dasked
line roprosents a lcw-spoed supercharger for which the speed
1s C.75 times that cf thue high-spood blowor end the maximum
prossure ratlo is 1.65., Those valies are in line with current
supercharging practice. Tho scale of engino spood shows a
meaximm value of 25C0 rpn.

The tests mior the high-speod-puporcharzer conditions
wero rm wlth a cwirent aviation gonsoline that had an octane
number of 100 by the CFR Aviation (1-C) Method end an octane
nunber of S-«1 + 1.0 milliliter cf totraethyl lead by the Super=-
chargod Knook Toet (3-C) Method (rich rating). The data under
tho low-speod-superchnnigor copditions wore 1un with a similar
fuol oxcept that the rich mixture 3-C rating was not detcrmined.
Check pointg lndicated tliat both fuels had about the same 3-C
rating and, for thuv pwposo of this comparison, thoy can be cone-
sidored to bo the semo fuel. Tho tests were mnde at the Langley
Momorial Acronautical Laboratory of the National Advisory Commit-
tooe for Aeronautlcs.

AFPPARATUS AND METHODS
The tosts wore conductod on a Wright 1820-G-200 cylinder
mountod on a CU® crenkcaso. Tho followlng ccnditlons were hald
constant:

Spark edvance, dogreces B.T.C.. . . ., . . . 20

Corling~-air prcecure drop
acrcss cowling, incles water , ., . . . 20



Cooling-air tempsrature, °F ., . . . 125
.01l-in temperature, °F . + « . » + « 170-180
Compression ratio , 4 ¢« ¢« ¢« ¢ &« s « 7,0

Tests were run at engine speeds of 2500, 2100, and 1700 xpm.,.
The fuel was inJected into tlie inlet menifold approximately
9 inches upstream firom the Inleb valve. InjJection took place
during tho inlet strcke.

Under each condition a run was made in which the relation
botween the fuel-alr ratio and the maximm permissible inlet
preasure as limited by knock was recorded. Indlcated mean ef-
foctive pressures, indicated speclfic fuel consumptions, and
indicated alr coneumptlons were elso determlned. A flat-plate
orifice lnstalled according to tLe A,.S.T.M. standards was used
to indicate tho rate of air flow to the erngine. Dotalls of
the setup have boen given in referonce 1. The inlet-alr tempera-
tures wore measured previous to the injection of the fuel, At
the three speweds, the following Iinlet-alr temperatures were
tested (fig. 1):

Fngino } High~speed Low-speed
speed | suporcharger suporcharger
(rym) JI (°F)
1700 200 160
2100 | 250 180
2500 1 31.0 v 220

In tue computatlions to determline the appropriate inlet-alr
tempo-atures, n- consldéeraticn was given to tho offect of fuol
vapcrlzation during the superchargirg proceas. The final estimated
nirture temporature is probably not appreclably affected by neglect~
ing this offect of fuol vaporization., Either of two conditions
might Le assumed: (1) Vaporizaticn is completed before the air
onters the supercharger, or (2) vaporization ia comploted aftor
the air has passed through the puporcharger. The correct final
mixture tomporature will 1lie somovhero botween these two extremes,

Estimatos of the effoct of tho two conditionsa assumed for
the hlgh-spoed suporobharger operating at an engine spood of 2500
rpm are that the final mirture temperature undor condition (1) for
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complete vaporization of the fuel is approximately 230° F,
Estimates mede of the final mixture temperature with complete
vaporizetion of the fusl under condition (2) give a value of
approximately 260° F,

Actually, the time of campleie vaporization of the fuel 1s
unknown., The date ea presented in the present report probably
regresent mixture temperatures somswhat low for the assumed
pupercharger conditions; that 1s, in comparison wlth service
conditions the data are representative oi' a supercharger effi-
clency eonewhat higher than the 72 percent assumed, Thils fact
will not affect the concluvalons baged on the test results,

For the other oupsarchargnr condltions ssgsumod, the temperabure
differential tetween conditions (1) and (2) will, of course,
be less.

TEST RESULTS

Cnrves showing the relation betweoen fuol floir In pounds

pe™ hour and the maximum permisslble ulr flew in pounds per hour
are presonted in figures 2 and 2. Tals methed cf presenting the
data has been dlscussod in reference 2. Analysis at this labora-
tory has shovn +thal data preseated in thiis manner introduce fower
possible erross than data presented In tre conventlonal form of
fuel-air ratlio agalnst maximum permiazsible indicated mean effcce
tive pressure. Tie indicatod-moan-e“fectlve~pressure data will
be presented later in the roeport,

Unde.* the low-spced-superchaiger cornditions, as the englne
spoed 1is Increased the maximum permlsslble air quantity inducted
at any given fuol flow increases for fuel-alr :atlos 1n excess
of about 0,064 and docreascs for fuel-alr ratlos below this
value, The curves aro presentod by a sorics of straight lines,
For the high-specd-supercharger conditions, a singlo straight
lino roprosents the duba, for the three speeds at fuel-air ratlos
less than 0.,065. At largor fuocl-alr ratlios tho polnts soparate
ani glve, In genoral, curves of Increasing slope as Tho engine
spuved 1s !ncreasod. Chock pcints aro shown for the 1run at
2100 rpm.

Flguros 4 and 5 show tl:e rolation betwoen the inlot pres-
sure and tho alr quantity Inducted. For each speod a single
gtralght 1ine can be drawn through tho points rogardless of
tho fuel-alr ratio.




The data for indicated specific fuel consumptlion are pre-
gented in figure 6. A single curve has been drawn to represent
all the experimental points. At 1700 rpm, particularly in the
lean reglon, the experimental data show higher fuel conswmptions
than that expressed by the curve. The average curve for Ilndi-
cated specific fuel consumption, together with the average ourve
for indicated spocific ailr ccnsmumption, 1s presented In figure 7.

Baged on the date in figure 7 the performance chart in fig-
ure 8 18 ccnstructed to shew tle relation between fuel flow, alr
flow, fuel-air ratio, and indicated horsepcwer. A superimposition
of the curves in flgwrea 2 and 3 on the curves in figures 8 deter-
minss figures 9 and 10. These filgures represent the performance
of the current l00-octone~mumber aviation gasolines undar the as-
sumed supeircharged ccniltions.

Reference to figure 9 skows that the maximum Indicated hoise-
powor (point ¥Y) 1s 152. In the present nnalysis this value will
be considered as the take-off horasopover for the cylinder with
either the high-speed or the low-speod suporcharger. The rated
horsepower 13 consldered to be &7.5 norcont of thils value, or
133 indicated horsepower, 'The xnock-limit curve at 2500 rpm
intorsects tho curve Tfor 133 indicated horsepower at rolnt W,
Point X represents the estimatecd knocic 1imit for the ratod horse-
power at 2300 rpm. It is noted tuat at 2100 rpm the knock-limit
curvo nevelr roaches the velue of 133 indicated horsepovar. Cirulsing
hecresepower is conaldered to Le 5 percont of tho take-off valus, or
84 horsspower, Tho knoeck-llmit curvom for the three speods inter-
soct the 84-horsopower lilne at polnts Q, R, and S, respoctively,
at fuel-alr ratios greater than 0.065. In tho lean rogion the
knock~1limit curve for the three spoeds again intersects the horse-
power curve at point T, U, V., Tho porformance data for the points
discussed are glven in tablo I.

Throughout this anmlysis, all pointe designated by letters
of tho alphabet from point G through polnt Y will represent
tho same set of conditions, regardless of the figure on which thoe
points eppear.

With the same valuos for take-off, rated, and cruising horse-
power, it 1s seon that, for the low-spoud supercharger, take-off
pover 1s reached at point P (fig. 1C) and rated power i1s reached
at points M, N, and O for spoceds of 2300, 2300, and 2100 rpm,
reapectively, The crulsing horsepower 1o below the knmock-limit
curves sxcept for the vertex of the curve at 1700 rpm. Two crulsing




conditions will be considered; one at a fuel-alr ratio of 0.080
(point G,H,I) and the other at a fuel-alr ratio of 0,051 (point
J,K,I). It 1s appreclated that a fuel-alr ratio of 0,051 is not
practical beceuse of uneven dietributlion in a multicylinder engine,
vhich results in one cr more cylinders cutting out; but it le in-
cluded for the saxe of comparison wilth the previous figure,

The data for the foregoing polnts are also tabulated in
teble I, A comparison of the low-speed and the high-speed super-
charger conditicns shows that, crulsing at a fuel-alr ratlo of
not less than 0.060 a* 1700 1pm, the limiting fuel conewmption
witk a high-speed supercharger is 0.42 pound per indicated horsepower-
hour as agalnst 0.36 pound per indlicated horsepower-hour for the low=
speed supercharger, It is also geen that there 1z no advantage from
the standpoint of funl conswmption In cruising below a fuel-alr
ratio of 0.060, There 13 a disadvantage in that for lower fusl-
alr ratios a higher manifold pressure 1s roguired, as is shown by
corparing the inlet pressures for point J,K,L with those for
point G,H,I.

For rated power at 2300 rpm with a high-speed supercharger,
a fuel-alr ratio of 0.10€ is roquireds vhereas, with tho low-speed
supercharger, the fuel-alr ratlo may be decreased to 0.08 with a
corresponding decrease in the specific fuel consumption., With the
high-speed aupercharger, take-off requires a fuel-alr ratio of
0.112; whereas, with the low-speed svpercharger, this ratio is
decreased to 0.085. It 1s also noted that tho maximum permissl.le
indicated h>rsepower with a lovw-speed spercharger is 174 (point
z, fig. 10).

Figwres 11 and 12 present the marimum pormissible indicated
moan oifcctive pressmie exprensed as a frnctlon of the fuel-air
ratlc, Thoe cu-ven Iin tae left-Land half of the figwe are con-
atructed from the previous performance charts. On the right-hand
side the same curves are shown in comparison with the experimental
data. At 1700 rgm with tho low-speed supercharger, the curves are
abovo tho expe—rimontal points in the loan region. At a fuel-air
ratio of 0.060 tho curvo 1o approximately 5 percent high, With
the high-spoed superchorgor tho curve of incicated mean effestiveo
prossura at 1700 rpm lies above thre oxperimental points in both
tie lean and rich regions, The doviction is probebly allowable
for tre prosont analysin, and the assumption that the curves
ropresent, the actual condltions is Justifiod by the eimplifica-
ticn cof the exveorimental data,

i



In figures 13 and 14 the curves of alr gquantity inducted as
e function ol inlst-air pressure are reproiduced witan the perform-
ance pcints previously presented. Curves are also construoted
representing the supercharger limits at sea level, It is seen
that at low speed, peints I, L, and O lie outside the super-
charger limit and oonsequently could not be obtained. Folnt Z
1s also oonsiderably outsido the supercinrger limit, For the
high-spoed supercharger all the experimental points lie within
the esupercharger limit,

Figure 15 presents a carburetor-mixture-control curve of
fuel-air ratio ageinst specific alr quantity in pourds per hour
per cublc inch of engine digplacement., The data from which this
curve 1a ostimated wore obtainod by the Burocau of Aeronautlcs,
Navy Department, with a FD-19B Stromberg metering unit on the
P.1830~-66 englno. For application to the present roport, the
Navy data woro scaled down for theo G200 single cylinder and ad-
justed until the fuel-air ratio of 0.10 in automatlic rich was
reached ot aprroxluately the assumed take-off powor of 0.752
indicated horuenmowor per cubic inch.

It is rocormicsed that in porvice the fuel-air ratlo ot eny
esecific alr flow does not romnin cocnstant bLeccuvee the cerburctor
d-es not fully c~mpensatn for chai i in both inlet-alr tcompera-
ture and inlot-alr pressure, In tze nresent annlysis the use of
a Bingle curvo to reprccent auvtomatic rich or autowatic loan is
Justifiod, howover, bceanso the principics t: pe studlod cro de-
nonCont upon tho gonowel relotion of this carburetor-control curve
to the knocz-limit curvo of the 101, Altliough otlror carburetor
and ongino combanatlons mey glivo mixturo~control curveu of epono-
vhat édifferont shapes from that givea in figwre 15, tle genoral
erhapa of tho mixturo-ccutrol curve bagud on pewor output, to bo
shown later, will rot Lo changeé.

Filgure 16 awhy up all the édata prosonted thus for for the
low~speed supercherger, Herizontal linos reprosent tuke-off,
roted, and cruising horsopower., Solid curves prosent the knock-
limit data. The full-throttloe-powor curves represent the powor
realized for the mazimum alr flow from the supercharger; thet 1s,
they ropresent the intcrsection of the suporchorger limit curvo
in figure 13 with the curves of alr quantity inductod agalnst
iniet pressure for the threc speeds. The carburetor autumatilc
rich and automotic lsan curvos cre constructod from information
bnsed on the curvous of indicated specific alr consumption of fig-
ure 7 and tho curve of figure 15.




Full throttle on the engine results 1in the power developed
at point E or peint F. Both pointe are below the knock-limit
curve at 2500 rpm and are at approximately the assumed take-off
power. Consequently, take-off can be made with the carburetor
get for elther autometic rich or autometic lean,

F-r rated horsepowrsr a fuel-alr ratio cof 0.074 is required
at 2700 pm (point M) or 0.08 at 2300 rpm (point N). The miz-
ture ratli~ 1in either avtomatic lean or automatic rich at rated
pover lles to the right of these knock points at rated power,

Crulsing h-reopover at 1700 rmm (point I) 1s slightly
below the kn:ck curve., Full-throttle cperatlion at this speed
weuld glve Iinciplient knock at 1700 rrm with the carburetor Iin
autamatic iean (point A), brt the engine would not knock if
the carburetor were in auntomatic rich (point B), Full-throttle
operation at £100 rpm will reault In light knock with the carbu-
retor in automatic lean (point C) ard in no knock with the
carburetor in automatic rich (point D). TIf sufficiont air were
avallable to reacn the fuel-air ratlo for maximum permissible
power at 2500 rpm, a fuel-alr rotio of 0,107, the accoupanying
inlet pressure {point F!') would be 4 inches of mercury below
the permissible inlet prossvre (peint 2Z). The carburetor-flow
curve Interaects the lmock-lilmlit curve ot a fusl-alr ratio of
0.122 and an inlet preeaure of 81 inches of meccury (point E').

Figure 17 shows slmilar Cata for the high-speed supsrcharger.
Under theme condlticns the ceswmed carburotor characteristice aro
unsatislactory. For irstence, take-off pcwer 1s reachod In full
rich at point A, which i1s 5 inclies in excess of the nermissible
kmock~free boost at thls fuel-clr ravlo, puint B. Tkls mirture
ratio at peint A; C.i0l, s compered with the required mixturs
ratio of 0.112 (pcint Y) for suppression of ¥nock at tako-off.
Ratedl hcraepower occurs at a fusl-air ratlo of 0,.C33 with the
carburetor in automatic rich; whereas, the fuol-air 1atios ro-
gulred to suppress kmock azo 0,098 and 0,106 at 250N and 23C0
rpm, respectively (points ¥ and X). Tho automatic-»ich carbu-
rescr curve Iintersscte crulse horsep:wer at a fuol-alr ratio of
0.073, which 1z 1n excess of the requirod mixituro ratic at 2500
rom (polnt Q) Tt is 5co lcan t~ suppross knock at eithor 2100
or 1700 1pm (points R ané S).

If the carburotor woro met for autcmatic loan for crulsing
at 1700 rrm (p-int D), tho inlot pr1sssuro would be 8 incktos
absve tho moximm peormizeibles inlot prossure for knock~freo



operation at 1700 rpm (point E). If the carburetor were leaned
manually to point V, Xmook would be suppressed and cruising
horsepcwer would be meintained. Agaln, it is emphasized that
this lean mixture:ratid of 0.51 cannot be used in present~day
engines. Knock at point D could also be suppressed by leaning
manually to point D' and meintaining the alr throttle constant
or by olosing the throttle to point F at 31 inches of meroury.
Both of these processes would cause a decrease in the orulse
horsepower.

It is seen that under these simulated condltions of operation
with a high-apeed supercharger the engine ls nearly always operat-
ing under knocking conditions., These knocking conditions would
probably be severe enough to damage the engine,

Comparisons of figures 16 and 17 emphasize the ieporta.nce
of increasing the supercharger efficiency, of using a two-speed
supercharger, or of installing intercoolers to decrease the tem~-
perature of the supercharged air. Data Buch as are presented I1n
this report, although they do not present the knock ratings of
the fuels, do present a method of estimating the sultabllity of
a glven fuel for flight under service conditions, Knocking
characterlistica of the fuel ghould be considered as umsatisfactory
unlesa, for the oporating range, tho knock-limit curves always lio
above the carburetor-mixture-cheracteristics curve,

It 18 noted that, 1f tho auvtomatlc caerburetor 1s to permit
operatl'n at fuel-alr iatlos as loan as 0,060 at about 50 per-
cent of take-~ff powor, knock und»» gcme ccndltlons of @peration
will be very diffiocult to eliminate because cf the negative slope
of the knock-limit ocurve at this fuel-air ratio, It is probable
that, f~r leng-distancew cruising, tho most officiont means of
operation will be tc permlt manual leaning of the carburetor to
obtain reasonably high cruising horsepower at the minimum specific
fuel consumption.

Throughout thls analysis all data bhave been considered on
an indicated basis., It 1s recognized that the mechanical offi-
clency of the complote engine is not a constant and that in
applying this method of analysis to full-scale ongines , sultable
corrections for thils mechanicel efficiency have to be made.

The analysis conalderod thus far has beon bascd oa sea-level
conditions. In figure 18 are presented atmospheric tomperatures
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and presgures as & furction of altitude for Army standard ailr.
There are eaiso premented corresponding supercharging-outiet
temperatures and pressures fcr the high-speed supercharger,

Curve 2 phows that, for the high-speed supsrcharger, the tempera~
tures essumed for the low-epeed supercharger apply at altitudes
of 18,400, 15,100, and 10,200 feet at englne speeds of &S00, 2100,
end 1700 rpm, respectively. In these data, consideration of the
effects of compression of the eir in the inlet scoop a8 a result
of the slrplane velcclty ars not consldsrad. In tire appllcation
of the low-gpesd superchargsr knock-limit curves to the highe
gpeed superciarger Foo the aititudes Just glven, the effect of
the decreased back pressure on the kmock limit 1s neglected.

COTCLUSIONS

1. The date presented In thls repcrt show that wilth cur-
reunt aviaticn fuels knock may be a more sericus factor under
crulse than uwder take-of'f condiltlcns 1f the engine 1s to ho
operated at fuel.-air ratios of 0.NC0 or less and at spsods of
approximateiy 70 poercont of talu-off speed.

2. The data also indinate tu-t in englnes which employ
a sirgle-utage high-speed superclariior withcut aftercooler,
krock mey beccme serlors at nea-~level conditions and et altitude
conditions up to several vhoueand [eet. This kmock, partisularly
at altitufe, can bs eliminated througlh lowering of the charge
temporature or increaelng the uant knock propertles of the fuel.

3. The data indlcato that, boceuse of tho roleticn of tho
carburetor-mixture-conirel curve to the krock-limit curves, it
will be very airfficult 4o crulse at fuel-air ratfos of 0.060 or
lees without knock unloss a nmanual control is supplied on the
carburotor to permit leaning to the above-mentiored fuel-air
vatio,

Alrcraft Engine Resoarch Laboratory,
Netional Adviscry Committoo for Aeronautics,
Cleveland, Ohio,
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APPENDIX

ESTIMATION, OF SUPERCHARGER OUTLET

TEMPERATUKES AND PRESSURES

From the conventional centrifugal supercharger equatlons:

21
7
2@ | - 60
L.
c; (%2 - T£> ®© Uz

speciflc heat of alr at constant presmvre, 0,241 Biu per

specific heat of alr -t conriant wvolume

ratio of specific heats, c_p_/cv = 1,394

temperature of inlet air to superclarger, OF absolute

pressure of 1nlet alr to supercherger, inshes of rorcury

rom suporciiarger, °F aboolute

pressure cl outlet alr from supoiciarger, lnches of

euporciarger ediabatic efficlency, easumed to be 0.72

factcr proportional to supercharger or englne speed,
U = 1.0 at maximum engine speed

Po

P

2.35

(1)

(2)
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Ty = r60° F aba, (100° W)

Snbotitution in equation (1) glves:
Tz - Tl = 2110 F
To = 771° F abs, (311° F)

Valuee of Ts - T; at ongine speeds from 1500 to 2500 rpm
are computed from proportionslity (2) with (T, - T;) = 211° F
end U =1,0 et 2500 engine rym, Subetltvtion of the eastliated
values cf Ty - T} &t each englne specd in equation (1) deter-
mines the pressure ratlo at each englne speed.

The low-opeed svpercharger is assimed to tuvrm at 0,75 the
mpeed of the high-snesd supercharger, At U = 0,75 1ror the
high-speed supercha_ger, Ty - 1) = 220° ¥ and ?_?_ = 1.85

pp
which a~e tho vaiues for tle low-epeed euperci.aiger at U = 1,0,
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TABLE I

RELATION BETWEEN ENGINE SPEED AND OPERATING
CONDITIONS AS LIMITED BY KNOCK

VOV¥N

Engine High-speed supercharger Low-speed supercharger -
imep Inlet Inlet
speed (1v/e lefo 1gfo
q in.) Bymbol| _# F/A - pressure |Symbol] p_ | F/A

(rpz) Po (1b/hp-hr) | (40 e abe. ) 5o (1b/hp-br) |40 2e®ara. )
Cruising 84 ihp; 0.415 ihp/eu in.

2500 132 Q | 0.73 |0.070{ 0.39 30.0 ¢ |o.82{P0.060 0.36 130.0

2100 157 R .86 | .o7u| .k 32.5 H | .94| B.oso| .36 32,5

1700 194 -] 1.07 | .076 U2 37.5 I [1.16],.060 .36 -38.5

2500 132 T .87 | .051 .36 37.0 J -95( 1-051 .36 3.5

2100 157 U 1.0 .051 .36 a&.o K |1.09] .05 .36 537.0

1700 194 v 1.2 .051 .36 .5 L |1.29{ .05l .36 k3.0

Rated 133 ihp; 0.658 ihp/cu 1in.

2500 20 v 1.13 l0.098| 0.56 46.5 M | 1.15] 0.0 0.42. :ha.o

2?00 22? X a1.2i 8,106 .65 ay9,0 N Fl.zg a.ogg 45 41,5

2100 0 |1.36] .08 A7 45.5
Take-off 152 ihp; 0.752 ihp/cu in.

2500 238 Y 1.35 |0.112| 0.71 56.0 P | 1.30] 0.086] o.u48 . 47,5

Bpgtimated.

bBelow knoeck limit.
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Figure 2. - Knock-limit curves for current [00-octane-number aviation gasoline:
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Figure 5. - Relation between inlet-air pressure and air quantity inducted.
20° B.T.C.; cooling-air pressure drop across cowling, 20 inches H50; cooling-air temperature, 125° F; oil-in tempera-
ture, 180 - 185° F; compression ratio, 7.0.

Wright 1820-G-200 cylinder; spark advance,

L LALES Triry LI LI B LI LELELEL LELILALI LILBLELS LELBLEL) LELBLEL) LILELEL) LELILEL LELELEL LELBLEL LB UL LILIR IR L) LA IS LR LD ll':l TTrT rrrr rrri z
- ‘ I
- 42
C 3>
F 1000 ¥at)onall Advisory Committee /] 3
s Tor[Aerchautis / mging B
o speed . .
: » Vi rem)| Injet-alr tepn.(CF)
- E
s // a 1700 200 3
- 900 0 /2100 250 ]
[ 7 @ 2500 10 3
: A Y ]
. V4 J
E o / /] :
“ o 9
pt /3 / :
SF
+ 4 -
ol 3
SF 700 // :
: g s
SF [yl .
o ¢ :
= soo ) A/ Highl-speegl supprchaprger ]
er ] d P
3t / ]
[ o Z] a p
12 o
il -
o Za ]
F 500 //d///ng( //a!{ p
: /9‘7/ pd .
f 400 o /] ]
s ;f'ogﬁ" / ]
E 300 ]
r ]
1 2p 3p b 5p ]
ALl L 1 A Ll Jll.l S i il Li Ll Ll 1 L il Lt Ll L1l L1l L1l Ll L1 LA 1l LLLl L L.l L Ll L L L L1 11 W L L ) LA Ll LAl L. L. Sk IIIA‘L{Ll‘t;k;ﬂ
B
Inlet-air pressure, in., Hg ebs, )




Asfe, 1b/hp-hr

NACA ) Fig. 6
.llll*élll llllféIFl LELALEP P RALE II1I&III _vlllM"l 'vv-*éuvj ””Ji”' ""1£YT' '1—':3

LR S

&

National Advisdry Cemmittee
Jor Agronagytics

LA
Al

LA R
ALl

LILILRJ
LAl

Trrey
i11t

L

D
W R

.8

: T %

Ldw-spded sypercHargex

TIIT
LA Al

TTTT

LAL)

»

TTTT

P

.6
[ . P T <ALF ]
- V speefl omp. .
1.0F {rpm) (_F) 3
C g al 1700 160 ]
C .5 : 0| 2100 180 {a
hd A o 230-

N
\

.9

X
[m]

PO N v z
o8 [— B ——mr—f—rrr .
F .3 ]
C o ]
o7 - ]
- - _ —C K
u HEigh-speed sypercharger 4//// .
: Fal :
6L \ ]
= d -
- [«] -4
L m _E .
o Al 1700 200 ]
A: o4 olzid |z -
C A ]
o o 3
.4 u ]
q 4 3
L 1A B
3E ‘ _ ]
E g5 .q6 .47 -d8 g9 1o 4 2| b

tuel-air ratio
Figure 6. — Relation between fuel-air ratio and indicated specific fuel consumption.
Wright 1820-G-200 cylinder; spark advance, 20° B.T.C.; cooling-air pressure drop
across cowling, 20 inches Hy0; cooling-air temperature, i25° F; oil-in temperature,
170 - 18%° F; compression ratio, 7.0.



®
0
YOVN

/
N
\

\

‘6 -
7=
\\ —
' ™~ |isac — | .

isfe, 1b/hp-hr
|
\
|
|
isac, 1b/hp-hr

|_—Tiefc

.3
.05 .06 .07 .08 .09 .10 «11 w12
Fuel-air ratio ’ '

Wright 1820-G-200 cylinder; spark advance, 20° B.T.C.; cooling-air pressure drop across &;

cowling, 20 inches HZO; cooling-air temperature, 125° F; oil-in temperature, 170 — 185° F; !
compression ratio, 7.0. 1 ~3

Figure 7. - Relation between fuel-air ratio and average indicated specific fuel and air consumptions. ™



L L) LSS Trry T1] LELILEL Ti11 LALELEL LALILAL Ty vy LILELAL TTrrryrritd LELELILJ LILELILI LB UL LA TTIT]T1TT TrrrT TrrE Triy ‘;Ir" L llll_z

3 2 . 18

- : 4>

C #ufc 36 36 {59 45 «H9 .80 3
- /K .Job J08 07 .08 .10 L 12 3

F 100 .

/ 7 v /uv E: f
F // ///// r//j; ]

o -4
! ///ﬁ = r/f ]

o / A // / "
;o AL L L s :
& >L_ — ] ]
aF |1 3
L .~ -
o} L . R 3
& 7od ) ) Matiopal Advisary Committes 3
: |V MAT 1 4 i B
[ 100 3
» / ]
] -
5 60_04 / / — | /] ]
s / L ]
s —7 ]
[ 59% "// p

" L] :
L \ | .

: ‘A 5
F 409 / // /4/ 60 ]
o -+
: VV A 1 :
WIAbs vl :
30 / / ]
7. 7 ]

:ll J_l‘ll?llll lILlaDllll llll‘pllll llllsollll il 101 ] F | ii1it I 1L} Ll FE 111l L1l LU L L L L2 i ) LLLL Ll L2 Li b b L A A L) dded. :‘
Fuel flow, lb/hr : ®

Figure 8. ~ Performance chart showing relation between fuel-air ratio and indicated horsepower and rate of fuel flow and air ;

flow to the cylinder. Wright 1820-G-200 cylinder; spark advance, 20° B.T.C.; cooling-air pressure drop across cowling,

20 inches Hg0; cooling-air temperature,

1259 F; oil-in temperature,

(70 - 185° F; compression ratio, 7.0.



LA LSRR EEREREE BEE TTrTVv[vrry TTJIT VT It RPrTr[rrrts TTTTIEFTITITT] TTTTJTrLTY LLILELE R RELE LEREREE RERLEA rrrryrrr’r III!I TTTTITFETFT lll_>
X2
s Natjional Adv;Lory ommilttee >
o fori Aax nties
" 14fc .56 .56 59 .45 .$9 80 |- .
o 1 S .p6 o7 .98 .10 ne” ]
-1 . e
- Pl 4
- . / > :
: / / == 52 np A HbBP .
- ’/ :
- 9 / / / ol -’ .
: /A LA A 5
s / e A L- :
n z 7w = .
: / e //’ :
L goo /] /, =120 .
- 4 /r ' r/ ; /’ :
ét Py =3
- s L =
b . // -4 -
£ / e =] ine| b
3 = g o T Taletaly © (VJ} ]
" | t-a . 4
=1, 4‘/’ : . ]
/ = A1 100 T— {2700 : 3
3 1 g = T+ —k100 B
ot V / ;75’ 7// L ———P500 -0 .
6o T, U, ] // :
[ // ~ :
e
;i / —*_/7// VJ // "]
q 4 [- 80 9
o g ]
4 (V% :
500 /L et
/ QA ,/ %/ High-spepd superchargen . E
- /‘ —— p
F f/ V /”/El /
F 400 / / - 60 9
] / / 7 ]
L .
_ / % :
P adv 3
_MZ/ / 3
: 7/ ]
Ellll llll2 L1 Al llllaDllll llIl‘DllJI Illl5 L L1 L1 6 L1l Lll'l’alll Illleallll IAI?JIIII lllllJIOLLI l|||1 9]LL ll} Iolll IIL}%IAI llll:—
Fuel flow, lbshr o
Figure 9. - Performance chart for single-cylinder test engine using current |00-octane-number aviation gasoline. Wright ;

1820-G-200 cylinder; spark advance, 20° B.T.C.; cooling-air pressure drop across cowling, 20 inches Hy0; cooling-air
temperature, 125° F; oil-in temperature, 170 - 185° P; compression ratio, 7.0.



Alr quantity inducted, 1b/hr

YOYR

L ALl LR L TIrrr LIS LILELEL] LIS LILELELI LELELELS Trry LELLELI LELILBLI LIV AL LR rvry ce i LR SLAL] LRI TTT1T LILELEL LILELELI LI Tryy llll‘ LELELELI TTrrT LI ol
i Natibnal Advi:kry cmeittoo . .
- for Apronautics I .
E e :05[ 3¢ AR R 5 JINE
- 11008 / // / - 7 -
F / /] / / %74 tho 160 gop -
C e b
C - 3
10 //// i .
E ] ]
F / 4 // A 144 ]
g \ /7 | ;
o / N / //1 //// :
/ /\ P/// L] / ]
o & s i /;// b
C A E
[ / / / //// | == / 120 ]
: I —A 1] ]

Al 9// / b
E " /l /( ///,’ 1 %// Engine E
o p ] A [ b
: l’ / / ) 7~ //// /100 zm Ln] ot-alir te 'mr’ :
i A 7 WZQ A ]
: WA 7 A7 =F I ]
F 600 7, K, L L /1 4’,,,/'///// ——{ 2500 230 ]
[ bo 4 p
= WAL AT | :
: — :
: / ’/eg J
o /8,1 Low-hpeed| supeprcharger ]
500! Ny ,/ ]
: // ]
: 4/ A :
s // // / ////v ///, ]
F_400 /] 3
:lhll llllPIlll LLLJL L1t L i1l L1l LAi 1l L Ll lIllPllll Lot Lttt IIIILIIII lll?‘ L1 11 LA r%ﬂlll lll{ol.lll lllllﬂollll lllllélll LA A A

Fuel flow, 1lb/hr

FPigure 10. - Performance chart for single-cylinder test engine using current |00-octane-number aviation gasoline. Wright
1820-G-200 cylinder; spark advance, 20° B.T.C.; cooling-air pressure drop across cowling, 20 inches Hy0; cooling-air
temperature,

[25° F; oil-in temperature, 170 - i80° F; compression ratio, 7.0.

o1 *81d




NACA

Maximum permissible imep, 1lb/sq in,

Fig. 11

T LI | T Y Y VYT I Y rrITrrry Y TTTT T YT T Y T[T T T T Y Y Y T T T [ Y YT T )

TTTTITTTY

NATRONAL|ADVISORY

atiohal visopy C 1ttiee
H%or yisorr s mﬁunm NATTICS

Da showing ralathon between curbes
] ned from performancle an
periment indlicateld meah
off fac tiive eaau*es:

240 . [$\ =
1 . /
5 :ﬂ Injlet- A

FE N

TTTT

1111

TTTY

TTTT

TYrY

Lt

ape r
220 rpm _&D-l A 1700
s 1700 160 A 1
2100 180 A ]
200 %500 320 2 :
3 p :‘
180 .
F 260 Lov-hpeed aupe*cha or | E
E 2100 ?
I 240
: -
- 220 i}
g 7 ]
- 200 N / ]
- N ]
- 180 : o ]
u Curves c¢ nstrqcted from :
pjg{gggggge chart: 3
r -
260 5¢0 e Bl I
o A 2140 / 2500
240F 74 I~ ]
. / 17¢ . ]
220F ) : ]
E K / p

200F

TrTT

180 K\ // N ://U

VA :

T 5.;1“.5..:#'&4'&8...&?..3 9, L}..:-{.:Lﬁ..:h.. 8, .:99, .19, o112, .12,
Fuel-air ratio ' '

.Figure 11. - Relation. betiween fuel-air ratio and maximum permissible indicated mean
effective pressure for assumed inlet-air temperatures at three different engine
speeds. Wright 1820-G-200 cylinder; spark advance, 20° B.T.C.; cooling-air
pressure drop across cowling, 20 inches Hp0; cooling-air temperature, -125° F; oil-
in temperature, 170 -~ 180° F; compression ratio, 7.0.

TTTT

v

Lt liaay




BACA .Flg. 12

i ]
s Datsl sho latipn bekween curvps 1
- ‘deftermine om pprfo nee{ char ]
R and experi tal indicated mean ]
= - -
240- efifective ssurps: spm]
E Natibnal ndv1$ry Chmmititee / PN 700 ]
220 for wete 7y i
200} ' .
: , a ]
180 | ]
L 6OE a ]
: ;md Inlpt-aly A\ ]
E 240 rpm)| tewp. (M) -
. 140 g e
5 . 1700 00 o ]
o E 000 2100 50 A 500 9 .
{ < \J R
[ X ]
- F 200 3
A e ]
L - 180 High-speed supercharger ,
© X
—t }_ / o
= F 160 / ]
- C
3 - o .
E - 140
3 - & f 3
E F 120 P .
] E Curves construcdted firom o i
; 100 pernifo ce chart: ]
o \Y4 ]
240E rpm _ o]
E 2100 1
220
[ [+ E
200 ]
C o i
C b .
180 h
F b / ]
160f L A ]
: A 3
C ° k
140( . b
L \\ \\ 4
N AUE :
120F \\ b
100k _ - Z 222,223,284 - d-203]
-
T r#’?., 14 ._JW.uWLLerJ,r JA S EU:ﬁ. 1}' . .:kuﬁt.a 0.1,

Fuel-air ratio

Figure |2.. - Relation.between fuel-air ratio and maximum permissible indicated mean
effective pressure for assumed inlet-air temperatures at three different engine
speeds. Wright 1820-G-200 cylinder; spark advance, 20° B.T.C.; cooling-air
pressure drop across cowling, 20 inches Hy0; cooling-air temperature, 125° p;
oil-in temperature, (70 - 185° ¥; compression ratio, 7.0. .



1'53

LiL A

Figure 13. - Performance chart for cylinder as limited by knock or by supercharger capacity.

spark advance, 20° B.T.C.; cooling-air pressure drop across cowling, 20 inches HZO; cooling-air temperature, 125° F;
oil-in temperature, 170 ~ i80° F; compression ratio, 7.0.
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horsepower as a function of fuel-air ratio for a current 100-octane-nmumber aviation
gasoline.



(-

NACA Fig. 17

AR SO RARERA L ERAEEE AR AL S RAASE S AL A AL AR ESAEE DAL RARER ARRAS RN RS RAS S LA RS SN

Adaal iy

Indicated speeific horsepower per ou in. of engine displacement

o
o -
= -
] atidnal Advisgry Committiee 3
s or ron c -
F1.1 ]
=3 -\N 3
- - L— \‘“\&t! 9
- e g ]
- %
o / \\ ]
1,0 4 ™ 3
" 3 .
F / ™ ]
= / \ -
L o~ J
b« / ~ e
.9 . En: % ™. | 2500 rpm]
r —— —{ Carburetop mixgture pontrpl N ru.:ﬂ IN.Eg
F / Pullpthrofttle power i ]
- y B
.8 S B i il ]
- -~
o 4/ I T™ -~ — /“;st/: Hg B
- ) -53.5 in. 9
va - Takaea L < _%m_m:
C 1 - ‘ ¥-54.0 1id. ]
X ’ oV “/< ]
.7 y4 7 P y i 3
- / [ // |~ /'{- 8.5 fn.Hg1~. [2100 frpm
: / Hated P P < . ~§56.0 jin.
- / A // ] 4
C s ]
L6 s / / — 2104 ]
L Vd
s / /
L / ’/ A

\\

\
™~
>

/

|

/

/

5 : A —— 170
F L~ [ // / il T 1700 3
- 3,0 1n. I~ < rpm
: rf/ ° e /4 ~J46.5 pin.pd
- -38.0 inl. 4
: K‘ ’ Eg‘ " / Ré/ Cruige ;
o .hT 7\\ PRI 4 b
" 50,V ."'- / b
F I / 95 inlHg Hight-speell supprchaprger 3
. \\ { / 3505 :
= FA-31.04n.He |l ]
. | BB0.0 u\.xg . b
F \ \ Poirgs D,/ E, ahd P:| Prepsurep 1isked -
u Y 5 a’® at 1700 krpm. §
L \ ]
= 02 \ \‘¥ h
[ \ 3
- Autopatic lean \\ \ Autpmatif rioh 3
- ~ \‘\ E
s 1 . N \ E
-y

Ty

bl

3 .0 . . p8 po Jio J p2
A LA AALA LA LA D ALAJ Adod-d A Al A A AL A AL L Wl A A A et A A A Addl FW S\ r e ' wl
e

Pusl-air ratio
Figure 17 . - Rslation between knosk-limit performance of fuel and supercharger and
carburetor-mixturs-control characteristies expressed in terms of indicated specific
horsepower as a function of fuel-alr ratie for a current 100«octane-number aviation
gasoline.
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Pigure 18. - Effect of altitude on condition of air at supercharger outlet. High-
speed supercharger.
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