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NACA MR No. ESLO3
NATTONAL ATVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Air Technical Service Command, Army Air Forces
CORRELATION OF MIXTURE-TEMPERATURE DATA OBTAINED
FROM BARE INTAKE-MANIFOLD THERMOCOUPLES

By H. Jack White and Goldie L. Gammon

SUMMARY

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 associated curves
have been checlked by multicylinder-engine datc, both test stand and
flight, over a wide range of operating conditions.

Average mixture temperatures, vredicted by the equations of this
report, agree reasonably well with resuits within the seme range of
carburetor-air temperatures from laboratories and test gtands other
than the NACA.

INTRODUCTION

This paper is intended to demonstrate the degree to which
mixture ~temperature data uway be reduced ©o algebraic terms and
corrslated in terms of the several pertinent engine-operating and
design variables. The information presented herein was obtained
in the milticylinder-engine phase of the triptane and high-
performence fuel evaluation program, requested by the Air Technical
Service Command, Army Air Forces. Much of the data included herein
have been presented in different form in earlier reports (refer-
ences 1, 2, and 3). In reference 2, a brief analysis of the
nix ture -temperature corrclation was made. The present report
extends the correlation to several other engines and includes date
obtained over a wider range of conditions.
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Reduction of mixture-tempsrature data to an algebraic relation ;
ig of interest Ffor several reasous. Manilold-clhiarge temperatures
are of imporbaiice in engline-cooling studies as well as-in the coire-
lation of fuel knock-limit data for both single-cylinder and multi-
cylinder test engincs. The prediction of average mixture tempeiature
at any operating coudition permits fuel knocl limits to be eegtimated
from a minimum amount of test data, thereby permitiing the elimination
of a great voluwe of experimeutal testing. This method of analysis
furthermore lends itseli to various engines end may be used to advan-
tage in comparing differcnt engines as to their reletive severity
upon fuels inasmuch as mixture teuwperature ig sucl en imvoriant
variseble in fuel knock characteristics. Matching of multicylinder
knock-~test conditions by single-cylinder engines is greatly facilitated
by an accurate evalnation of wmixfture temveratures for both.

APPARATUS AND INSTKUMENTATTON

The four double-row radiel air-cdoled engines invest:gated in these
tests wére an R-1830-75 (engine A) installed in a four-engine bomber,
an R-1830-94 (engine B) installed in a test stand ard loaded by a pro- .
peller, en R-1830-94 (sngine C) .nstalled in a four-engine bomber, and
en R-1830-90C (engine D)  installed in e four-engine bomber.

Manifold-mixiure temuveratures were neasured in all inlake pipes
by bare 24-gage iron-constantan thermocouples. These thermocouples
were located equidistant (for front-row and rear-row cylinders) from
tlie supercharger oubtlet. Details of the installstion sre shown in
figure 1. Carburetor-air temperatures were obtained by thermocouples
attached (fig. 2) to the carburetor screen direclly over the venturis,

A

(See appendix of refereuce 4.)

Obher measureuwents necessary for the corrvelation of mixture ten-
peratures were fuel-air ratio (requiving fuvel flow and air flow) and
engine speed. Values of fuel flow were obtaiued by both a rotauweter
and a reaction-type Tlowmeter for the thrse flight engines and by a
rotameter for the test-stand engine. Air flow was deteruwined in flight
from carburctor-metering-pressure data, suppiemented by air-box cali-
bration curves, and for the test stand by @ gtandard 6~inch flat-plate
orifice installed according to A.S.M.E. recommendations in a 20-inch-
diameter duct upstream of the carburetor. Engine speed was obtained
from electric tachometers in all cases.
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FOEMIULATION OF MIXTURE-TEMPERATURE EQUATION

A vartial derivation of the eguation used in the analysis of
mixture -temperature deta Follows. The symbols to be used are:

\

Ty manifold-mixture temperature, (°F)
5/ carburetor-air temperature (screen thermocounle), (CF)

ATg temperature rise across supercharger, (°F)

AT temperature drop due to fuel vaporization, (°F)
v blower tip speed, (ft/sec)

' blower tip speed, (ft/m.n)

J - mechenical equ.valent ol heat, (ft-lb(force)/Btu)

Cy specific heat of air at constant pressnre, (Btu/(1b)(°F))
& acceleration due to gravity, (£t sec?)
K constant

<5 pressure coefiicient of suvercharger

n adiabatic temperature-rise ratio of supercharger
N engine speed, (rpm)

R impeller gear ratio

a impeller diameter, (in,)

F/A fuel-air ratio
i average latent heat of aviation gasoline, (Btu/lb)
Cep average specific Leat of aviation gasoline, (Btu/(1lb)(°F))

The manifold-mixture tenwerature is asgsumed equal to the sum
of the carburetor-air tempersture plus the temperabure rise due to
compression in the supercharger less the temperature drop dve to
fuel vanorization. In figure 3 18 ghown a gchematic cross section
through a typical air-cooled engine induction system. The arrange-
ment of the thermocouples typifies that of the deouble-row radial
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air-cooled engines discuesed herein. The trends in "dry" and "wet"
charge temperatures shown at ths top of this sketch are considered
representative of the general variation in tewmperatures to be expected
through an induction system of this type. Thus,

Ty = g+ AT - AT (1)

From a familiar equation given in a number of engineering texts

MR e K i (2)
J Cp 8
I8 J ' is 178, cp is 0.243, end g 1is 32.2, equation (2) becomes
[}
-VL.
MTs = X 5550 (3)

The factor K in equation (3) may be evaluvated in terms of the
physical characteristics of the actual impeller and diffuser. Thus,

An average ratio of 0.90 has been found experimentally to be repre-
gentative of superchiergers for this type of engine; therefore

2
v Gy
AT, = . __ 0.90
8~ 8090
AT = 1.48 X 0™ (4)
3.4 N R d

However, blower tip speed V =

=

RS

For engines A, B, and C with impellers of 1ll.3-inch diameters and et
low impeller geear ratio (7.15:1), equation (4) may be expressed

5]

Al = 1,85 X 107" N (5)
at high impeller gear ratio (8.47:1) equation (5) becomes
My =°2.58 X 107° §2 (8)

It should be pointed out that for engine D with an impeller of 11.0-
inch diameter both equations (5) and (6) will be slightly different.
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The temperature drop due to fuel vaporization for charge thermo-
couples, as installed in these engines, hes besn found empirically to
be approximated by

AT = 390 F/A (7)

Expregsion (7) dirfers considerably from & longer form, which
may express this temperature drop more precigely as follows:

ATy = "’“‘Ji‘"”EF F/A

AT, = - T/A
D
or approximately
AT = 530 F/A for an AN-F-28 fuel (72)

v

Equation. (7a) differs from (7) only in the magnitude of the propor-
tionality constant. This difference may be the effect of only
partial vaporization of the fuel in the intake manifolds up to the
point where the thermocouples are located, as shown in figure 3.
The difference between equations (7) and (7a) may also arise from
the fact that the cooling effect of fuel vaporization during com-
presgsion in the supercharger was not considered inasmuch as ATV

was assumed to tale place independently of the compression nrocess.

Finally, the general form of the equation may be written,
making use of expression (4),

H

et T4 1,48 x 1075 %8 - 390 WA S (8)

or

Tp = To + 4.1 x 1078 7,2 - 390 7/a

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

Low blower:

D =T, + 1.85 x 107° ¥2 - 390 F/A
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High blower: (engines B and C only)

T =T 4+ 2.58 x 107° N2 - 390 F/A
m @ i % 7] 3

~

The curves in fignre 4 are presented as a demounsiration of the
application of such equetions. With these relations it becomes
possible to determine with ease the average operating mixture temper-
ature Zor a wide range of engine conditions.:

RESULTS AND DiISCUSSICN

The equations and curves Just vresented have been checked by
a large amount of data fromw the fouvr milticylinder engzines enumer-
ated previously. The mixture-teupsrature date of this report cover
a wide range of all engine variables except carburctor-air “empere-
ture. The variation in carburetor-alr teuperature is belween approx-
imately 60° and 105° F. :

Date that have been utilized for this corrslestion are actnaelly
faired averages of a large amcunt of variable fuel-air-ratio runs
made during the conduct of fuecl imock tesgts with these engines.
References 1, 2, and 3 preseat the original nlote of knock deta,
including the variables of average mixture temperature and carburetor-
air temperaturc throvgh which mean curves or lines have been faired.
Pointe plotted in this report are those obtained by cross-pvlotting
such curves as arc scen in refercnces 1 to 3 at several fixed fuel-
air ratios, ranging from 0.06 to 0.10. This procedure eliminates
the smwall cylinder-to-cylinder swread in beuperatures, which con-
gigted of an average deviation or auproximately'ilo F and a wmaximum
deviation usually of aboutb +5°9 ¥, Figure 5 is included to show
typical mixture-temperature distribution natterns for these engines.

The correlated mixture-temperature data for the Tour engines aie
shown in figure 6. The ranges of engine conditions are shown in the
key to this figure. The scatier of these dats is generally within
a band of 10° F. The range in mixture temperatuvre (from approximabely
120° 4o 280° F) reprosents variation in engine conditions from 1800
rou, low blower at 90° F carburetor-air tempcrature, to 2800 rpm,
high blower at 100° ¥ carburetor-air temperature.

Tt is of interest to ccmnere the correlation equation deter-
mined in this report with data from cuuside sources. Towerd this
end, figure 7 is included to show thu degree of similarity between
this corvelation and that presented in reference 5. The ashed
curve (without date points) is thet for a carburetor-air temmerature
of 1000 F and a fuel-air ratio of 0.05 obtained from tie equation
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reported herein. The differcnce between the two curves is seen to
be approximately 2° F at the high-temverature end (280° F) and 15° T
at the low-temperaturec end (120° F). The curve frow reference 5

wes found to fit the experimeutal date with a mean deviation of
£6.6CF. This curve can be roughly approximated by the following
equation:

M =07 Tk 3.7 %, 1078 7,3 = gon B e e

When equation (9) is compared wilh equation (8) it is seen that the

first two terms after the equal sign are different in magnitude but

are dimensionally and exponentially alike. The chief differcnces

to be discerned are the variation in effect of carburetor-air tem-
perature, the magnitude of tewperature drop due to fuel vaporization,
and the finel constant. As previously mentioned, the effect of
carburetor-eir temperature was not invcestigated over a very wide
range for the tests in the nresent report; consequently it is not
felt that this term in the egquation is as cortain over as wide a
range of variation as are the others.

A better approximation to the corielation curve for the data
from refercnce 5 (fig. 7) was obtained by the use of the equation

BR80T - 5.9 X107 v52-57 - 600 F/A + 70 (10)

Equation (10) fits the curve shovn from reference 5 with a mean
deviation of approxiuwately +1° F over the total rangc of the curve,
whereas equation (9) (involving Vlz) has a mean deviation of apnrox-
mately 430 F. :

SUMMARY OF RESULTS

The following results were obtained from a large amount of
mixture response fuel knock data from four ‘double-row radial air-
cooled engines:

1. Average engine mixture temperatures were correlated by the
general equation

T, =T, + 1.48 x 104 v2 - 390 /A

“m
where »
: 1) manifold-mixture temperature, (OF)
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i carburetor-air tewperature (screen thermocouple), (°F)

v blower tip speed, (ft/sec)

F/A fuel-air ratio

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

Low blower:

5]

T =T, +1.85 x 107 NZ - 390 F/A

where N 1is engine speed in revolutions per minute.
High blower:

T =T 4+ 2.58x 107° N2 - 390 F/A
¢ m C .
3. The mixture-temperature correlation equations obtained in
this work agree fairly well with the currelation data reported by
an outside source.

Aircraft Engine Research Iaboratory,
National Advisory Comuittee for Aeronautics,
Cleveland, Ohio.
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Figure I. ~ Installation of mixture thermocouples in double-row radial air-cooled engine
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