TECHIICAL HOTES

HATIOWAL ADVISORY CCUIMIZTTEE FOR AEROWAUTICS

cen’
T T —— -*I v * hd

No. 408

| tmctmpi et e

—

PRELIMINARY TRSTS OF THE VAPORIZATION OF FUEL SPRAYS

By A, H. Rothrock
Langley iemorlal Aeronautical Laboratory

FII.E COZY
To be returned 10
the (iles of the Langiny

Msmorial Aerenautiesl
Labweatocy:

-

Fashingbon
. ! February, 1932


http://www.abbottaerospace.com/technical-library

mmnm":u‘ﬁﬂw’ e

3 1176 01425 5708

NATIONAL ADVISORY COMMITTER FOR AERONAUTIGS

TECENICAL NOTE ¥O. 408 °

PRELIMINARY TESTS ON THE VAPORIZATION OF FUEL SPRAYS

By 4. M. Rothrock
SUMUARY

ﬂigh-speed motion pictures were taken of fuel’ spray
inJected into the combustion. chamber of the H,A.C.A, com-
bustion’ appar .+ Three fuelss”ethyl alcoaol ‘gasoline,
‘and fitel Ollflwgiég differed con31derably in volatilluy
were tested., By maintaining the engine temperature below
that required f%?“rgﬁ??f?i the spray could be studied from
soon after the, start of injection wuntil 130 crank degrees
later. The results show that the sprays vaporize appre-
clably so that 1t is possible for the lgnition in high-
speed compressionnignitlon engines %o take place from the
vapor phase,

INTRODUGCTION

Preliminary resulits obtained with the H.A.C.A. com-
bustion apparatus (reference 1) indicated that there was
marked vaporization of the fuel during and following its
1nject10n into highly heated and dense alr. As this phe-
nomconon should have an appreciable effect on the combus~
tion of thoe fuel, particularly under the conditions ‘waich
cause combustion shock, a seriecs of tests was outlined to
investigate fully the vaporization of the fuel spray. . Tae
purpose of this note is %to. present the first results ob-~
tained in these tests. The note is to bo followed by a
report which will discuss the vaporization and its effoct
.on combustion in moro detail.

METHODS "AND APPARATUS

The N.A.C.A., combistion apparatus was used in the in-
vestigation._ The anparatus consrsts of a single-cyl1nder
tesf engine gnd an injection system together with a uibh—
speed motion picture apparatus., The compression ratio of
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tne engine is 15,8:1, .The sides 6f the combustion chan-
ber of the engine are formed by glass windows through
which the photographs are taken. In the operation of the
apﬂaratus the engine is driven at the desired spesd by an
electric motor. By means of a suitable clutch a single
caarge of fuel is injec¢ted into the combustion chamber of-
the ongine during the compression stroke or the first part
of tuhe expansion stroke., At the same time that the in-
Jection is taking place high-speed motion pictures sre tak-
en of tho fuel spray. In the present series of tests 13
pletures were taken at the rate of 1,000 per soccond, The
- paotographs weroe timed relative to the vosition of the
crankshaft -of the engine by means of an electric spark.
The temperature of the glyeerin circulated in the heads
and cylinder jacket of ' the engine was maintained at 100°%,
tiroughout the tests so thet combustion of 'the injected.
fuel would not take pPlace. Consequently, at..the engine
SPeed used in these tests, 1,500 r.,p.m., the physical
changes in the state of the fuel could be studied over an
interval of 130 cranL degrees.

Tne injection pressure was 4,000 pounds per square
inch, the injection valve opening pressure 4,000 pounds
per square inch, and the initial pressure in the injection
line bofore indection 1,000 pounds per sguare inch,

DISCUSSION' AND TEST RESULTS

Ethyl alcohol, gasoline, and fuel oil were wgsed in
the present tests. These fuels were chossn because they
differc¢d considerebly in volatility. (See fig, 1.) 1If
the fuels did vaporize in the combustion chamber of the
ongine, the point at wihich the condensation of tha vapor
occurred should vary considerably depending on the boil-
ing point or boiling range of the fuel., Proof of—this is
shown in Figures 2, 3, arnd 4. An examination 'of the fis-
urgs snows that as the fuel ceme into the combustion. cham-
ber tue silhouette of thé spray was recorded on the photo-
graphic film. The spray then disappsarsd, or tended to
disappear, following the cut-off of injection, Some time
after top center the fuel which had vaporized condensed,
blocking out the light from the spark discharges so that N
no light, or very 1little, was recorded on.the photographic
.Tilm, On each figure a line has been drawn ‘through all
the records to indicate top center. A second 1line has beon
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drawa through the last;pQOtograph:aftez-toy‘cenﬁof iﬁ*?
which no fuel appeared with injection starting at 50% or
40° ‘before top center, It will be noticed that the spark
discharges were retarded so that .the first ‘photograph weas
taXen near or at the end of injection. This was done so
that a longer interval on ths expansion stroke could be
studied, coo- o '

When ethyl alcohol was used, the vaporization was
gulte complete as indicated by the clear .images of- the
combustion chamber following injection. The céndensation
took place between 50° and 60°. after tdp cemter, the ex-
act fime deépending somewvhat .on.the injection advance an-
gle (I.A,L). With injection starting at 50° before toj
center the vaporization was practically completed at 10
before top center as is indicated by the clear photographs
of the image of the combustion -chamber, .Particularly rdotoe-
worthy is the speed with which. the condensation took placse
as is shown by the. sudden blocking qut' of the 1light from
the condewser discharzes between 55° and 60° after top
center, The same is true with injection starting at 40°
before top center., With injection starting at 30°, 20°,
and 10° before top center and at top center the condensa-
tion becomes less rapid, as is indicated by the photo-
graphs in which some of the condensate is shown although
the light is not completely blocked oubi R -

With gasoline.clear images of the combustion chamber
were also-obtained, indicating that vaporization.must
still have been quite complete although the condensation
was less rapid. Condensation occurred, howevor, earlier
in taec expansion stroke (at 42° after top center). With
injection starting at 80° and 70° bvefore top center the
photosraphs show that the fuel spray diffused, almost
filling the chamber, and thon vaporized, condensing on the
expansion stroke.

¥ith the fuel oil the vaporization was less rapid and
the condsnsation occurred still earlier in the strgke (at
27° after top center with injoection starting at 50 before
top center). 1In no case was the vaporization complete
with injection starting between 40 before and at top cen-
ter. With injection starting at 50° pefore top center the
fuocl diffused completely through the chamber, blocking out
all the light, and then vaporized.

A comparison of all the figures shows that, undcr
the conditions of operation of high-speed compression-
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ignition engines, fuel sprays will tvaporize during and
following thelr injection into the engine and that this
vaporization takes place even though the toemperature in
the engine is’ not sufficiont to cause combusticn.

CONCLUSIONS

The test results presented 'show that fuel sprays in-
jected into the combustion chambér of a compr3351on -lgni-
tion éngine vaporize appreciably so -~ thaﬁ the- combustlon“

can proceed from the vapor phase instead df from the liquld

phase.l ' _ Co o _ ,i"“
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Fig. 1 Distillation curves of fuels testedﬁ
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Fig. 2 Vaporization of ethyl alcohol. Engine r.p.m.,1600. Engine temperature,l00°F.
Fuel quantity, 0.00025 pound. Discharge-orifice diemeter, 0.020 inch.
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Flg. 3 Vaporization of gasoline. Engine r.p.m.,1500. Engine temperature, 100°F.
Fuel quantity, 0.00025 pound. Discharge-orifice diamster, 0.020 inch.
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Flz. 4 Vaporization of fuel oll. Engine r.p.m.,1500. Engine temperature, 100°P.
Tuel quantity, 0.00024 pound. Discharge-orifice diameter, 0.020 inch.
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