





alence ratio for gasoline and hydrogen-gasoline are given in figure 12. Extending the
efficient operating range into leaner mixtures by mixing hydrogen with gasoline reduces
NOX emission levels considerably. A reduction by a factor of 2 in NOX levels is shown
in figure 12 when comparison is made on the basis of minimum-energy-consumption
equivalence ratios. The stock, 1969 high-compression-ratio engine, which does not
have NOx emission controls, operates at an equivalence ratio of 0. 94 at the simulated
road-load condition. Comparing NOX levels at the 0. 94 equivalence ratio and the
minimum-energy-consumption equivalence ratio of 0. 66 for hydrogen-gasoline shows an
even larger reduction, by a factor of 5. Even more dramatic reductions in NO, levels
occur if the hydrogen-gasoline equivalence ratio is extended to equivalence ratios below
0.60. Operating at equivalence ratios between 0. 55 and 0. 60 reduces NOX emissions by )
a factor of 19, but with an increase of 3 to 6 percent in energy consumption over the
minimum. However, the problems of reduced vehicle drivability at lean equivalence ra-
tios limits the extent of lean operation and, therefore, the possible NOX emission reduc-
tion. Smooth engine operation, defined as operation without any engine vibrations or

. power surging and with good power response, deteriorated rapidly at equivalence ratios
below the minimum-energy-consumption values. The explanation is that lean operation
reduces flame speeds and, therefore, decreases indicated power. This effect is magni-
fied by variations in the fuel-air mixture ratio, which increase with leaner equivalence
ratios and which occur on a cycle-to-cycle and cylinder-to-cylinder basis. Therefore,
NOX emission reduction comparisons should not be made at equivalence ratios below the
minimum-energy-consumption values.

Figure 12 also indicates that, at similar equivalence ratios, hydrogen-gasoline
produces higher NO < levels than gasoline. This again can be explained by the higher
peak combustion temperatures that occur with hydrogen-gasoline fuels as compared with
gasoline operating at the same equivalence ratio.

The larger NOX emissions produced by gasoline with reformed hydrogen are difficult
to explain because the flame speed instrumentation was not available for these tests. The
emissions analyzer was calibrated before each data point, and NOX emission levels were
measured with the engine running on gasoline before each reformer test in order to es-
tablish consistent emission levels between data runs. However, the reformer product
gas entered the engine at a temperature of 389 K (240° F), which raised the total inlet
temperature. This higher inlet temperature would increase the peak combustion temper-
atures and thus explain the higher NOX emission levels.

Hydrocarbon emissions. - The hydrocarbon emission levels are plotted as a function
of equivalence ratio in figure 13. The hydrocarbon emission levels are characterized
as parts per million of equivalent propane (C3H8) , and the flame ionization detector was
calibrated with gases containing known concentrations of ppm C3H8 in air. Figure 13
shows that the hydrocarbon emission levels of hydrogen-gasoline are slightly higher than
gasoline levels when the comparison is made at the minimum-energy-consumption equiv-
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(a) Engine startup. Mean, 22 063 Pa (3.2 psi): standard deviation, (b) tdie, Engine speed, 1000 rpm; mean, 31 716 Pa (4.6 psi);
64 811 Pa (9.4 psi). standard deviation, 53 779 Pa (7.8 psi).

2140 rpm; torque, 119 J (88 ft-Ib); equivalence (d) Engine speed, 2140 rpm; torque, 1
tatio, 1.0; mean, 282 687 Pa (41.0 psi); standard deviation, ratio, 0.81; mean, 286 134 Pa (41 5 psi
4826 Pa (0.7 psi). 52 401 Pa (7.6 ps:)
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(e) Engine speed, 2140 rpm; torque, 119 J (88 ft-1b); equivalence (f) Lean limit; equivalence ratio, 0.66; mean, 175 128 Pa (25.4 -
ratio, 0.77; mean, 281 997 Pa (40.9 psi); standard deviation, psi); standard deviation, 67 362 Pa (9.77 psi).
61 364 Pa (8.9 psi).

Figure 5. - Bar graphs of indicated mean effective pressure as function of equivalence ratio.
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Figure 6. - Apparent turbulent flame speed as function of equivalence ratio. Engine speed, 2140 rpm; brake horsepower, 27 kW (36 bhp).
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Figure 7. - Apparent laminar flame speed as function of equivalence ratio.
Initial temperature, 600 K (620° F% initial pressure, 962 887 Pa (140 psi).
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Figure 10. - Energy consumption as function of equivalence ratio. Engine speed, 2140 rpm; brake horsepower, 27 kW (36 bhp).
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Figure 11. - Indicated thermal efficiency as function of equivalence ratio. Engine speed, 2140 rpm; brake horsepower, 27 kW
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Figure 12. - Oxides-of-nitrogen emission level as function of equivalence ratio. Engine

speed, 2140 rpm; brake horsepower, 27 kW (36 bhp).
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Figure 13, - Hydrocarbon emission level as function of equivalence ratio. Engine speed,
2140 rpm; brake horsepower, 27 kW (36 bhp).
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Figure 14. - Carbon monoxide emission level as function of equivalence ratio.
Engine speed, 2140 rpm; brake horsepower, 27 kW (36 bhp).

35


Administrator
Highlight

Administrator
Highlight


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE $300

331 001 C1 U
DEPT OF THE AIR FORCE
AF WEAPONS LABORATORY

SPECIAL FOURTH-CLASS RATE - st
BOOK

POSTAGE AND FEES PAID
NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION

A 770429 s00903Ds

ATTN: TECHNICAL LIBRARY (SUL)

KIRTLAND AFB NM 87117

If Undeliverable (Section 158

POSTMASTER : Postal Manual) Do Not Return

“The aeronantical and space activities of the United States shall be

conducted so as to contribute .

.« 20 the expansion of human krowl-

edge of phenomena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning its activities and the results thereof.”

-—NATIONAL AERONAUTICS AND SPACE ACT OF 1958

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and
technical information considered important,
complete, and a lasting contribution to existing
knowledge.

TECHNICAL NOTES: Information less broad
in scope but nevertheless of importance as a

contribution to existing knowledge.

TECHNICAL MEMORANDUMS:
Information receiving limited distribution
because of preliminary data, security classifica-
tion, or other reasons. Also includes conference
proceedings with either limited or unlimited
distribution.

CONTRACTOR REPORTS: Scientific and
technical information generated under a NASA
contract or grant and considered an important
contribution to existing knowledge.

TECHNICAL TRANSLATIONS: Information
published in a foreign language considered
to merit NASA distribution in English.

SPECIAL PUBLICATIONS: Information
derived from or of value to NASA activities.
Publications include final reports of major
projects, monographs, data compilations,
handbooks, sourcebooks, and special
bibliographies.

TECHNOLOGY UTILIZATION
PUBLICATIONS: Information on technology
used by NASA that may be of particular
interest in commercial and other non-aerospace
applications. Publications include Tech Briefs,
Technology Utilization Reports and
Technology Surveys.

Details on the availability of these publications may be obtained from:

SCIENTIFIC AND TECHNICAL INFORMATION OFFICE

NATIONAL AERONAUTICS AND

SPACE ADMINISTRATION

Washington, D.C. 20546



