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By H. Jack White and Goldle L. Goummon

SUMMARY

A relatively simple egu=tion has buen found to express, with
fair accuracy, variatioun in manifoli-charsze touwtsrature witq change
in enyine operatiug coniitions. This ejquavion aud associated curves
have been checked by multicrlinder-engine datc, both test stand and
fligat, over a wide range o. operating conditlons.

Avernge mxture temperatnres, miedacted by the equations of this
report, agree ieagonadly well witn results wiithin tLe seme range of
carburetor-air teuwperelures from laboratories and test stends other
than tie NACA.

INTRODUCTION

This paner is intended to demonstrate the degree to which
mixture-temperature data nay be reduced to elzebrrnic terms and
correlated in terms of the seveoral pertinent eng ne-operating end
deslgn varlables. The lnformatlion presented hersin waes obtained
in the multicylinder-ongine phase of the triptane and high-
performance fuel evaluation program, roguested by the Alr Technical
Service Command, Army A.r Forces. Much of the data included herein
have been presented in d.fferent form in earlier repcrts (refer-
ences 1, 2, and 3). In reference 2, a brief analysis of the
nix,ture-temperaiure corrulation was made. The presont report
extends the correlmtion to several other engines and includes date
obtained over a wider range of condltions.
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Reduction of mixture-tempsrature data to an alzebraic relation
is of iuterest For seveiral remsons.  Manlilold-chavge Llempsratures
are of Imgorteiice in engine-cooling studies as well as 1n the corre-
latlon of fuel knock-limit data foi both slngle-cylinder and multi-
cylinder test engpincs. The predictloun of average mixture uemperature
at any operating condition permits fuel knocl: Limits Lo bg estimnted
from a m!nimu amcunt of teet data, thereby pormitiing the el.mination
of a great volume of experimeutal testing. Thla method of aualyals
furthermore leunds itselyi tou various emgines and may be used to advan-
tage in compaiin; diifcreut englues as to the.r relellve sever.ty
upon fnels inasmuch as mixtuwre Lenperature is sucil en irmorlant
variable iu fucl lnock character’stics. Matehing of muwlticylinder
knock~test conditons b; single-cyl nder e.agnea 1s groavly fac.l:leted
by an accurate evalant.on of wixivve tsmmeraturvs foir both.

APPARATUS AND INSURUMLNTATTON

The four double-row rad.el sir-coolei engiues .avesh.gated .n these
tosts were ai R-1830-75 (ewg:ue A) installed n a fouws-ea,iae burnber,
an R-1830~u4 (enzine B) :unstalled n a tess sle.al and lca‘sd by & nro-
peller, en R-1830-s5% (angine C) _nstalied :n a four-ou r-ue bowber, and
an R-1830-Y0C (eup*ne D) .nstalled “n a [our-ens.ne bouwber.

Manifold-w.xiure touoialbures werv measured iu ail iuvake Pipes
by bare 24-_afe lron-coustantan thermccouples. These thermocuunles
wore located equidistant (Yor front-row and rear-rov cylindeirs) from
the supercherzer outlet. DNetails of the Installation are sh.wn in
fipmue 1. Carburetor-air temnoraiures wers obtaineu by LlLeraccouples
aivtached {(fig. 2) to the carburetor screen direcily over the veuluris.
(See aprendix of refereuce 4.)

Other measurewsuts necessary for the correlaticn of mixturo tom-
poratures were fuel-air ratio (requiring fuel flow and air fluw) aud
engine sneed. Values of fuel rluw wero obial.ed by boih a rotametor
and a reacition-tyne lowmeter For the thrsoe flight engincs and by a
rotameter for tie test-stand cngine. Air rlow was deteruw.nsd in £light
frum carburctor-meter:ng-picezure data, suppismented by ali-box cal:-
bration curves, and for the test stand by a standard €-.nch flat-plate
orifice i1nstalled accomiing to A.S.M.X. 1ocommendations in a 20-inch-
dlameter dust upstream of tie carburetor. Engine sgeed was obiained
from electrlc tachometers in all casoe.
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FOIMULATION OF MITTURE-TEMPERATURE EQUATION

A varilel derivation of the equation uscd in the annlysis of
mixture ~temperature data .fullows. The symbols to be used are:

Ty  Donifold-mixture temperature, (°F)
Te carburetor-elr temperaiure (screen thermosousle), (°F)
ATy temperature rise across supercharger, (°F)

AT temperature drov dus to fuel vavorization, (°F)

V' blower tin speed, (11/snc)

vy blower t.p spocd, (f;/m;n)

J mechen’ical equiveleat or huat, (#t-it{force)/Btu)

c svecific heat cf olr abt consbouc presemre, (Plu/(1b)(°1))

accelerntion due to yravity, (tt,'szec?)
consiant

9,4 DPressure cocfr cicnt of su_erclarger

n adiabatic temmeralurc-r.se ratic of supercharger

N engine svesd, (rum)

R impeller gear ratio

d impeliler dlaweier, (in,)

F/A fuel-air ratio

L average latent heat cf avictien fasoline, (Btu/lb)

Cp averege specific Leal ol aviation gasoline, (Ttu/(1b)(°F))
The maniiold-m:xture termerslure is auvsuwed equal to tLe sum

of the carburetor-a.r temperatucrs plus “he teuperaturv rice due to

compreasion in the supercaarger lese the temrerature Jdrop dune to

fuel varorizati.-n. Iun Jigure 3 .s showm a scheuatic crouss section

throngh a typical ar-cooled engine inducilon system. Tie arrango-
mont of the thermocourlea typifles that of the doublu-row radial
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alr-conled engines discvssed herein. The trends in "dry" and "wet"
charge temweratures shown et the tom of this sketch are considered
representative of the general variation in temperaturve to be expected
through an induction system of tuis type. Tiws,

T, = T, + AT_ - AT (1)

From s Tamillar equution given in a numwbor or onglneering toxts

AT = F Y2 _ (2)
8 JcCh &
If J 18 778, Cp is 0.243, anl g I8 32.2, equation (2) becomes
2
v
ATy = K &p (3)

The factor K 1n equatioa (3) mny be evaluvaied in terms of the
physical claracteristics of the aclunl lupellcr and diffusor. Thus,
v a4

AT = 3050 n

An average ratio of 0.30 nas been found erperimentanlly to be reuyrse-
sentatlve of sunerchargcrs for this tyne of cngine; thererois

AT, = _Y?_ 0.90

B 50
AT = 1.46 X 107 2 (4)
However, blower tip speed V = ;éé4£§£}il

For enzires A, B, and C with ‘mpcllers of 11.3-inch dlamoiers and at
low impeller gear ratio (7.15:1), equation (4) way be ex ruvascd

. =5 .32
ATy = 1.83 x 10 X (5)
at high impeller gear rat.o (£.47:1) wouation (5) becomes
ATy = 2.56 x 107 N (6)

It shoull be pointed out that for cngiie D wmti en impcller of 11.C-
1uch diameter bolh squations (5) aud (8) will be sligutly d:fFferent.
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The temmerature drop due to fuel venorizetioa for charge thermo-
couples, as installoed in theseo enginas, has been found empirically to
be approximated by . .

AT = 390 F/A (7)

Expression (7) differs conslderably from e longer form, which
may express thls temparature drop more precisely as follows:

= L
ATy 0.,) Gy + Cp F,r- F/A

This expression is often shortencd (by eliminat’on of cp X F/A) to

AT, = S F/p
o

or anorox.mately

AT = 530 F/A for an AN-F-23 fueol (72)
Equation (7a) diffors #rom (7) oculy in tnc mega’tude of the prouvor-
tionality ccastant. This aifiercnne moy be the effect of ouly
partial vaporization of tio fuel in the iuntake meani’oids wp to the
point where tue vhermoccunles are located, as showw 1n [lgnre 3.
The difrfervncu butween equatioms (7) and (7a) wey also avise from
the fact thebt the cooling effect of fucl varor:zat-on during com-
pression in theo supeichargfey was not cons.dersed inasmuclh as ATv

was agsum=zd to tale nlace iudepurndenlly of tho cumpressi- nrozcss.

Flnally, the generul forw of the equation may be wratton,

making use of exprossion (4), .

T, = Ty + 1.48 x 10~% v2 - 330 F/A : (8)
or

Ty = To + 4.1 x 1078 7,2 - 390 F/A.

For specific application to engines A, B, and C this equation
becomes

. Low blower:

M = Tg + 1.03 x ™3 K2 . 390 F/A
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High blower: (engines B and C only)
To=T, +2.58 x 10° §% - 390 7/a

Tne curves In figure 4 are vrosented es & demorsiratloa ol the
application ol such equetions. With these reietione it becomes
nosa-tle to dutersmine vith sase the avernge oporabing mixture tempor-
ature for a wide range of engire corndit.ons.

FESULTS AND DiSCUSSION

The equatious and curves Justi mresented lLavo been cliecked by
8 lerge enmount of data from tlhe Four mlticyliuder en:slpoes enumer-
ated proviousiy. The mixbure -beupsratvze cate of this report cover
a wide range of all engine variables axcest cerovuretor-air tempere -
ture. The var.ation in cerbure’cr-alr teurerature ls beiwesn epprox-
imately 60° and 105° F.

Data that have beoon utilized Ior bhis corrolation ere sctuelly
faired cvoragws of a larges eumovunt of var.eblu frel-eir-ratlo ruuns
mede during tho conduct of fucl mock tesus wita theso engines.
Roferences 1, 2, aril 3 jreseat tho orig.nal vlots of tock data,
inclnding the vairiables of averagce mixtuire temwerstvre and cerburetor-
air tempsratur< clirongll which mean curves or iirus lisvy beon fa.red.
Po_nts plotted in this repuort are ilioec obtained by crass-plotbiog
such curves as arc sven In referoncus 1 to 3 at sevoral fizod fucl-
a r ratfos, roauging Ifrom 0.06 to 0.10. This procedurc elim. natcs
the smell cylindvr-~to-cyrlinder svuread in temperaturos, which con-
sistod of an averago doviation of anproximectely £1° F and a max’mun
devietion ueually of about £3° F. Figure 5 1s included to show
tyvicel mixture-tempcrature distribution patterns for these ungines.

The correlotod. wixtuvre-temporaturs data for ths four enginoes aie
shown in figure 8. TLo ranges of engluc cend.tlons ere shown in the
koy to this flguro. Tae scatter of these date ie genwrelly within
a band of 10° F. The range in mixbtuie temperature (from epproximasely
120° 4o 280° F) reproserts veriation in engine conditions from 1800
rom, low blower at 90° F carbursior-sir temp.rature, to 2600 rpm,
high blower at 100° # carburelor-asir tumperature.

It is of Inverest to comnare the correlntion squation deter-
mined in thls report with data from outsido sources. Towerd this
end, figure 7 is included to show thu degree of similarilt; betwsen
this corrvelaetion and that presented in rvference 5. The dashcd ]
curve (without data polnts) is thet for a carburetor-sir temserature
of 100° F and a fuel-air ratio of 0.05 cbtained from the ogquation
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reported horein. The difference botwuen the two curves 1s seen to
be approximately 2° F at the high-temperaturo end (280° F) and 15° F
.at the low-temperature end (120° F). The curve from reference.5
wes found to fit thoe experimental date with'e Mean deviation of
+6.69F. This cusve cen be roughly aporoximated by the following
bquation:

= 0.7 Tg + 3.7 x 1078 v;2 = 600 F/A + 60 (9)

When equation (9) 1g compared. wilh equation (8) it 1s seen that the
first two terms after the equal éign erd different 1n magnitude but
are dimunsionally and oxponeatially eliks. The chiof differecnces

to be discurned. are the variation In effect of carburstor-air tem-
nerature, tho magniiude of vcmpurature drop due tu fuel varorizat.on,
and tho finel conslant. As previonsly mentionod, the offect of
carburetor-air temporeature was nct Inveshigated over a very wide
rangc for the tests in the piwescnb epors; consequenvly it is not
fult that this term in tho eguaiicn g as cortain over as wide a
range of varletion as are tho cthers. .

A better epnroximation to tio corvelatbion curvo for tho data
from revferonce 5 (f1g. 7) was obuvaincd by thu use of tho equation

= 0.7 T, + 5.0 x 10710 vl 37 _ 600 F/A + 70 (10)
Equation (10) fits tle curve showm from referunce 5 with a meaa
deviation of approxiuwntoly +1° F ogor the total ranguv of thu curve,

whereas equation (9) (involviug V1¢) has a moan dcviation of apurox-
mately-*5° F.

SUMMARY OF RESULTS - _
The followlng results were §b$gided from a large-amount of
mixture response fuel knock data from four double=row -radial air-
cooled engines:

. " 1. Average engine mixture temperatures'werb corralated by the
general equation

T, = T, + 1.48 x 104 Ve - 390 F/A -
where

Ty manifold-mixture jemperﬁtura, (oF)
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carburetor-air temperature (screen thermocouple), (°F)
blower tip speed, (ft/sec)
fuel-alr ratio

2. For the engines A, B, and C, this equation can be written

Low blower:

T =T, +1.85 x 10 §2 - 390 F/a

where N 1s englne speed in revolutions per minute.

High blower:

T, = T + 2.58 X 10~° N2 - 390 F/A

3. The mixture-temperature correlation equations obtained in

this work agree falrly well wlth the correlation data reported by
an outslde source.

Aircraft Englne Research ILaboratory,

Batlional Advisory Committee for Aeronautics,
Cleveland, Ohilo.
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T. Thermocouple

// ¢ on screen

T, Thermocouple
in manifold

m—)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 3. - Schematic section of a typical radial-engine
induction system,
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variation in canifold-cherge temperatura with change in engine operating cqnditions. This
equation and associated curves have bsen checked by multicylinder data, both test stand
and flight, over a wide range of operating conditions.
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ABSTRACT
The degree to which mixture-temperature data may be reduced to algebraic terms is
demonstrated and correleted in terms of the several pertinent engine-operating and design
variables. A relatively simple equation has been found to express, with fair accuracy,
variation in manifold-charge temperature with change in engine operating conditions. This
equation and assoclated curves have been checked by milticylinder data, both test stand
and flight, over a wide range of operating conditions.
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