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ABSTRACT
Cold Regions Automotive Emissions

In Fairbanks, Alaska, during Februafy and March 1973,
the ehissions of 631 vehicles were ana]yzed at idle and ad-
Justments were made to reduce CO and HC emitted. It was
found that proper adjustment of in-use vehicles could re-
sult in approximately 34% reduction in CO and a 12% reduc-
tion in HC produced at id]e. Emfssion levels of propane
and gasoline and diesel fueled vehic]es were measured and
compared. Various pollution contrb] devices are discussed
and considered for cold weather use and conclusions are
drawn. Ice Fog is considered as it relates to CO emission

control.
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1. INTRODUCTION

A. Background

Alaska is the largest, most sparely populated, least industrialized
state in the nation. Yet its major interior city, Fairbanks, stands as one
of the great environmental ironies in this country tdday. This city with
an area-wide population of.only 44,000 has air pollution levels which rival,
and surpass, those of New York and Los Angeles. The air quality of the
Fairbanks area is degraded'mainly by three types of pollutants. These are
carbon m%co), ice fog and dust particulates. The toxic health effects
of CO have been well documented.(]’z) Records have shown Fairbanks to have
one of the most acute CO problems of all American cities. This paper deals
with this pollutant. Ice fog air pollution is unique to regions with extremely
cold climates. The nature of ice fog has been well defiﬁed.(3) The méin ob-
jectioﬁ to this cold weather phenomenon is that it severely restricts visi-
bility under abnormally deficﬁ]t driving cbnditions (-30°F or less). Ice
fog often occurs simultaneously with high ambient CO levels. However, high
CO0 levels occur much more frequently than ice fog. Therefore, ice fog is dis-
cussed here only with respect to its interrelationship with methods to con-
trol CO emissions. The other ho]]utant, dust particulate, will not be con-
sidered in this report. L

Studies show(4) that over 80% of the CO present in the low 1eve1lambient'
air of the Fairbanks area is produced by the internal combustion engine in
motor vehicles. The conclusion here is simple: if air quality is to improve
in Fairbanks, CO contributions from the automobile must be greatly reduced.

The procedure for reducing these emissions is where the dilemma facing Fair-

banks clearly reveals itself.



In Fairbanks, mbtor'vehic1es must perform the routines of daily operation
at temperatures ffom -50°F 1in winter to +95°F in summer. No other city fn
the United States experiences such temperature extrémés. Fairbanks is Tlocated
in a natural bowl surrounded on three sides by hills and has little wind. Arc-
tic winter conditions cuase some of the most extreme thermal inversions in the
-world; these inversions trap stagnant air and pollutants. .These environmental
differences drastically change the character of motor vehicle utilization com-
pared to cities in the southern 48 states. It is these differences which make
it difficult to directly apply solutions to the Fairbanks s3tuatibn which have
proved successful outside of cold regions. |

Fairbanks muﬁt then Took inward to solve its unique problems. The research
neceSsary_to find so]utfons must be done considering that uniqueness. This re-
port is a part of such a research effort.
B. Scope

Due to the severity of vehicle-emitted CO in the Fairbanks area and the non-
availability of research data pertaining to such emission in other areas with
cold climates, the Department of Environmental Services of the Fairbanks North
Star Borough initiated a reseérch program to be known as the Vehicle Emissions
Analysis Program~(VEAP). This. report presents the results of that program as
well as other cold regiqn emissions information obtainéd by the invesfigatdrs.

In-this project, the Fairbanks North Star Borough was assisted by: the
Atlantic Richfield Company (ARCO), which supplied necessary instrumentation, per-
sonnel to instruct in its operation, and data interpretation; Arctié Envfronmenta]
Research Laboratory, Environmental Protecfion Agency (EPA) and the Institute of
Arctic Environmental Eng%neerihg (IAEE)* of the University of Alaska who supplied
engineeking and technical personnel for both acquisition and reduction of the

data obtained.

~ *Now part of the Geophysical Institute of the University of Alaska.
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As originally conceived, VEAP would be modeled after the Atlantic Rich-
field Company's Clean Air Caravan Prdgram which had been carried out in
several cities in the Tower 43 states(5) The field testing was planned to
run for a period of four weeks during February and early March 1973, a time
when the average temperature is in the neighborhood of 0°F. Emissions from
private and governmental fleet vehicles as well as thoSe of the general pub-
lic were to be tested. The program was originally outlined as follows:

Part I: Fleet vehicles only at hot idle {idling after engine warm-up)
Measure: RPM
% CO
Parts per million (ppm) HC
Total gas flow at constant RPM

Exhaust gas temperature

Also check effect of air inject into exhaust manifold poliution
control device {1imited mainly to 68, 69, and 73 model years).

Time requirement using two men: 3/4-1 hour/vehicle; or 8-10
vehicles/day. '

With one extra man, Orsat Analysis for carbon dioxide (CO )
and oxygen (O ) could also be accomplished.

Assuming the fleets have 40-50 vehicles each, then run tests
~as follows:

Ist week - GSA Motor Pool
2nd week - State Highway Dept. Motor Pool
3rd week - Propane fueled fleet (Yellow Cab)
| Total: 120-150 fleet vehicles
Part I1: General Public Vehicles (Voluntary) - 4th week.
' Measure: RPM
% CO
HC

Check effect of proper idle mix screw adjustment (only if
mechanic is available).

30-60 vehicles/day x 5 days = 150-300 vehicles total.



While all of the tests set forth in the original plan were not accomplished,
(see VEAP Program) the total number of vehicles tested far exceeded the early
estimates.

It was thought that the accomplishment of this project would provide
some of the information necessary far governmental organizations to plan re-
alistic strategies to improve air quality in the Fairbanks arga: It would
also provide an opportunity for a crifical asseSsment,}from an engineering
standpoint, of the physical problems associated with the operat%on of motor
thit]e emission control systems in cold regions.

This report‘is limited to discussing the problem of reducing CO emissions

from internal combustion motor vehicles in cold regions as it relates to the
vehicles themse1§es. Other methods for réducing €0, such as, replacement of
private vehicles with mass transit, electric (battery) powered vehicles, stream-
linind traffic patterns, and limiting vehicle miles traveled are not considered
here. Hoﬁever, all of those measures represent viable solutions or partial
solutions to the CO problem. Specifically, fhis study has concentrated on-
gasoline engines of United States manufacture, some of foreign manufacture,

propane fueled engines and diesels.



II. VEHICLE EMISSIONS ANALYSIS PROGRAM
A. General
The VEAP testing was done during the period of February 6 to March 3,
1973. The air temperatures experienced during that period are shown in
Table 1. As previously mentioned, not all of the data were acquired as
called for by the original plan:
1. Total gas flow measurement at constant RPM was not made on any
vehicles.
2. Exhaust gas temperature was not measured.
3. Orsat analysis'on fleet vehicles was not made, but oxygen (02) was
measured for all vehicles. |
At the end of the testing program, emissions from over 600 vehicles had been
analyzed.
B. Eduipment‘and Procedure
- Exhaust gas concentrations of CO and hydrocarbons (HC, measured as hexane)
were measured for each vehicle using an 0lson-Horiba, nondispersive infrared
analyzer. Exhaust system leaks or air pump operation was checked with a Tele-
dyne 02 meter. Engine speed was measufed in RPM with a clip-on (high tension
leads) type induction tachometer. Positive crankcase ventilation (PCV) valves
were checked when necessary with-a manometer. Figure 1 is a schematic of the
test set up. The following describes the test procedure carried out on each
vehicle. | |
1. A vehicle with the engine runﬁing at normal operating temperature was
drivén into position. The emission sampling probe was placed in the
exhausf_pipe and the tachometer Qas connected.  The idle speed, model
year, ménufacturer, mileage, engine type, and diép]acement, if readily

vavai]ab]e,for the vehicle, were recorded.



TABLE 1

Temperature in Fairbanks, Ak., from February 6 to March 3, 1973

8:00 a.m. --- 5:00 p.m.
, MAXIMUM MINIMUM

" DATE TEMPERATURE TEMPERATURE MEAN
Feb. 6 9 -10 . -2
7 10 -6 1

8 10 -12 -2

9 0 -18 -11

10 N -24 -10

1 10 -26 -10

12 0 -15 -8

13 ] -17 - 8

14 -1 -25 . -14

15 -5 -13 -8

16 2 -16 -7

17 -1 -17 -9

18 N -19 -2

19 : 35 -8 19

20 34 20 25

21 - 28 11 18

22 29 ' 13 : 21

23 4 18 -6 8
24 22 -1 12
25 21 -15 7

26 21 ' -17 4

27 13 -18 2

28 12 : 3 8
March 1 9 -2 4
2 4 -7 -2

3 2 _ -16 -5
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2. The condition of the PCV (Positive Crankcase Ventilation) valve
was then checked for vacuum by plugging it with the thumb. Those
that failed this test were more carefully checked with a dry type
manometer.

3. With the transmission in neutral, the engine speed was increased

to 2500 100 RPM and the steady state CO and HC emissions were
recorded. The engine speed was then returned to idle.

4. The steady state CO and HC 1eve1§ were recorded at idle.

5. Carburetor adjustments were made if appropriate.

C. Discussion of Procedure

For a full understanding of the significance of each part in the pro-
cedure, a short discussion of the function of the internal combustion engine
carburetor is necessary. |

Ninety-five percent of the vehicles tested during this program were powered
by internal combustion engines using gasoline as fuel ‘and the conventional car-
buretor to meter fuel to the engine. It is the function of the carburetor to
properly mix fuel and air for introduction into‘the'combuétion chamber (cyl-‘
inders) to sustain efficient coubustion throughout the speed and power band of
the engine. To accomplish this, the modern carburetor is divided into two
major systems, the main metering system and the idle system.

The_main metering system is the system by which the carburetor operates.
while the engine is running at speeds above idle and/or under load. A simp1i- :
fied schematic of this system is shown in Fig. 2. Under these conditions, air
flows are high.énd the resulting pressure drop in the venturi (barrel) draws
fuel up the de]ivery.tube spi1ling it into the barrel where it mixes with the
air and continues to the intake manifold. The amount of fuel delivered to the

barrel is metered by the main jet. This restricting orifice is fixed in size
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-dependent on specific engine parameters such as, displacement, duty cycle,
etc. If the main metering system is functioning properly and if the intake
manifold is flow balanced, the combustion in the cylinders is very efficient
and the resulting CO and HC emissions are Tow (<2% CC and <200 ppm HC). The
2500 RPM no-load test verifies the condition of this system and detects any
gross malfunctions which could not be compensated for if adjustments are re-
quired to the idle system. If the 2500 RPM CO concentration was above approxi-
mately 4%, then the vehicle's air filter and choke were examined. If they ap-
peared to be-restricting air flow, the 2500 RPM test was again run wifh air
filter removed‘and/or choke held bpen to démohstrate any differences to the
motorist. Other diagnostic information can be revealed by the emission levels
of this test but will not be covered inithis report.

The second carburetor function is the idle system. See Fig. 3. When the
engine is not operating under load, an idle system is requifed because air
flow through the venturi is too small to create the pressure drop nécessary to
draw fuel from the delivery tube of the main metering system. At idle, a re-
latively rich mixture (low air.to fuel ratio)‘is metered to the engine to keep
it running at low speeds (idling). - Combustion at idle is normally less effi-
éient than under steady-étate 1bad,.thus emission levels of CO and HC are ex-

- pected to be high during idle. Howevef, unlike the main metering_system,-the
i&]e éystem is equipped with a fue]-éir mixtdre control valve which is adjust-
able (idie mix screw). The main point of the VEAP stﬁdy was to obtain these
idle emission levels and to find what improvements could be made in the emission
-at idle by adjustment to the carburetor idlg mix screw. When the vehicle's |
emissions of CO and HC were recorded at idle, the levels were compared with the
: Timit§ used the Atlantic Richfield Company's Clean Air Caravan‘(s)' These

approximate limits were:

10



Pre~1968 model year 3.5 to 5% CO
1968-1969 model year 2.0 to 3% CO
1970 & newer models 1.0 to 1.5% CO

If the CO emissions were above these limits, the jdle mix screw was adjusted
with the owner's consent ﬁo bring it within the Timits. In some cases, satis-
fattory.adjustmeﬁt cqu]d not be made due to 6ther engine pfob]ems not asso-
ciated with the carburetion system. Howevér, in the majority of cases, proper
adjustment was easily made.

D. Theory of Idle Emission Adjustments _

| The curves of Figure 4 show ihe typical response of a-spark~ignition

infernal combustion engine to adjustment of the air-fuel ratio (A/F) with the
idle mix screw. Beginning at the left, it is clearly seen that CO concen-
tration decreases as the A/F 1ncreasés (leaning out). This is because com-
bustion is more efficient when more air is made available for the reaction.
‘The HC curve follows a similar course, however, a point is reached where the
' ﬁt concentration begins to increase whi]é CO continues to decrease. This re-
~sponse is caused by whaf is normally called misfire. For proper ignition by
the spark plug, the fuel must be vaporized in the intake air. As the A/F is
~increased, a point is finally reached when the mixture is simply too lean to
ignite and thus is passed through the system to.show up as an increased MC
. emission. Since vaporizétion.is necessary, the temperature of the intake air
is important. _The‘tolder the air in the intake manifold the less gasily the
fuel vaporizes. As a result,.misfire occﬁrs at a.]ower A/F (richer mixture)
with colder intake air (Cold HC curve). Other research has found, in.general,
lower temperatures prddﬁce higher emissions.(]a’]]) Therefore, the ﬁptimum

" idle adjustment (A/F) is that at which C0O and HC are at their relative minimums._

n
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E. Results

The data summary for the VEAP study is bresented on Table 2. Figure 5
compares the population of model year of the vehicles tested in the VEAP
study to fhose in which the total number of vehicles in the Fairbanks area
‘are considered. A computer solution was used to obtain the reduction in CO
and HC emission which would be statisticé]ly possible for the total Fairbanks
vehicle population based on the results of the VEAP study. For thié weighted
average, 400 vehicles of the general public from the VEAP study wére considered.
The vehicles which were not adjusted or could not be adjusted to gain any im-
provement in emissions were averaged along with vehicles to which adjustments

were made. The following results were obtained:

Possible re- Vehicle
duction at idle distribution used

[41] HC

35% 12% R. L. Polk

333 12% GCA Report!/)

The VEAP data for domestic manufactured vehicles are plotted in Figures
6kand 7. These curves of vehicle population vs. exhaust CO concentration al-
low one to determine the percentage of a mbdé] year grouping that has CO
emissiohs above a specific concentration. Figure 6 shows that the newér models
are designed to run leaner (higher A/F) than‘the older model vehicles; i.e.,

_to produce a lower exhaust CO concentration. In comparing these curves with
similar curves (for the samé model years) from the "lower 48" Atlantic Rich-
fig]d Company's C]eah Air Caravan,(g) it was found.that the VEAP pre-68 models
(for population greater than 10%) émitted a lower CO level; i.e., they were
idling leaner. The authors thought that, due td the.1967 flood, the VEAP pre-68

group. may be more skewed toward the newer vehicles. Lower air temperatures

13
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Sample

A1l Vehicles Tested
Gasoline Vehicles
Diesel Vehicles

Propane Vehicles

"A11 Domestic Vehicles

A1l Foreign Vehicles

A11 Fleet Vehicles

Domestic Non-Fleet Vehicles
Pre-1968 Domestic Gasoline
1968-69 Domestic Gasoline
1970-73 Domestic Gasoline
GSA Fleet Vehicles

State Highway Fleet Vehicles
MUS Fleet Vehicles

TABLE 2
VEAP DATA SUMMARY

Number Before Adjustment _ Number
Vehic. Avg. % CO Avg. ppm HC* Vehic.
Tested 1dle 2500 Idle 2500 _Adj._
631 3.4 1.3 350 220 258
599 3.5 1.3 350 230 243
10 0.1 0.4
22 2.4 0.2 650 80 15
564 3.4 1.2 360 230 239
67 3.2 1.7 250 150 19
196 2.9 1.0 250 150 70
369 3.7 1.3 420 270 170
13 4.5 2.1 560 340 49
141 4.2 1.5 420 340 62
266 2.7 0.8 250 130 105
74 3.2 1.4 300 210 31
61 3.0 1.0 210 140 25
43 2.5 0.9 200 100

* As Hexane, except for Diesel and Propane Fueled Vehicles.

After Adjustment
Avg. % CO Avg. ppm HC
ldle 1dle
2.0 320
2.1 320
0.8 670
2.0 330
2.6 210
1.4 270
2.2 350
3.2 -460
2.3 400
1.4 240
1.7 220
1.5 300

NO ADJUSTMENT

% Drop
in % CO
of Vehic.

Adjusted

38.9
38.2

64.
40.
24.
42.
39.
31.

H BN D Y B,

38.
46.7
43.1
58.1
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in Alaska may be another reason for the lean mixtures. Carburetors are volu-
metric devices which will pass about the same Qo]ume, but more mass, at lower
temperatures (higher air mass per unit volume at lower temperatures) thus in-
creasing the A/F. |

The 68-69 model year data are about comparable (a little richer) to the
Atlantic Richfield Company's (1971) data. Some 68-69 models had limited.air
preheat in the carburetor air scoop which heats the combustion air effectively
lowering A/F. At 2500 RPM (Figure 8) both the pre-68 and the 68-69 models
were leaner than those in the Atlantic Richfield Company's 1971 study. Ap-
parently at the higher air intake velocities, the air preheat (on 68-69 models)
was insufficient to keep the mixture rich (less air mass).

The VEAP study included ]9?0 to 1973 model vehicles which prevented direct
compairson with the 1971 Atlantic Richfield study. The effect of temperature
upon air—fo-fue1 ratios (leanness) is almost negated for a warmed-up 1970 or
newer engine because there is a more positive control of combustion air tem- .

- perature (~100°F) in the air filter assembly. In the 75% population at idle

for 1973s. (VEAP 1973), the CO concentration was 2% (Figure 7) while it was ap-
proximately 4% for 1971s (Atlantic Richfield Company study, Figure 1 of. Refer-
ence 8).. For the same age (735 in 1973 and 71s iﬁ 1971), the 73s were putting
out one half as mﬂch C0 as were the 71s. In the VEAP study approximately 40%

of the 73s and none of the 71s were fitted with pollution control devices commonly
known as air pumps which may account for the reduced €0 emission from the 73s.

A more detailed dfscussion of these devices is presented in Part III, however,
some discussion is presented at this point to more clearly analyze the VEAP data.

The air.pump system.injects fresh air behind each engine exhaust valve.
Injecte& air at this point causes unburned hydrocarbons and CO to burn in the

exhaust manifold instead of passing"to the atmosphere through the exhaust system.

16
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-Gases from the air pumps also tend to dilute'the exhaust contaminants. There-
fore, to compare vehicles with and without air pumps, one must convert to a
common dilution value. Zero percent oxygen (no dilution) was selected. For
the 73s with air pumps, the idle and 2500 RPM CO levels were 0.7 %0.1% and
0.14 £0.05%. Without air pumps, the respective levels were 2.0 £0,1% CO (I
$0.1% CO after adjustment) and 0.33 ¥0.05% C0O. .The injected air oxidized (con-
verted to C0,) 1.3% and 0.2% CO at idle and 2500 RPM, respectively. An after-
adjustment comparison cannot be made since no 1973 air bump vehicles were ad-
Jjusted.
F. Direct Cdmparison of Emissions |
Here direét comparisons are made between the different engine types used
in the vehic]es.tested. Some conc]usiqns are drawn relating to the desirability
of one type over another, based on the emission levels recorded‘in this study.
1. Gasoline fueled engines vs. Propane fueled engines.
"The 'idle CO emissions for.the propane fueled vehicles before ad-
justment was slightly lower than the gasoline fueled 1970-1973s, 2.4%
vs. 2.7% respectively. Most of the propane engines were comparable to -
the gaso]The‘engines; that is, typical eight-cylinder engines of dd—
mestic manufacture wifh idle speeds‘of approximately 550 RPM. However,
at 2500 RPM, the propane enginés produced only about 1/3 as much CO as
the gasoline engines. To further assess this considerably more desir-
‘able €O emission characteristic, it would be necessary to make further
comparisons with the engtnes under load and transient operation. .Unfor-
.tunate]y such comparisons were beyond the scope of this project. 
At idle, the only propane veﬁicles adjusted were those of the Yel-

low Cab fleet. The propane carburetor manufacturer recommended an idle

20



mixture setting which would produce an exhaust CO concentration

of 0.25 to 1.0%. The propane suppliers representative therefore
set the vehicles to produce about 0.7% CO concentration. On the
day this was done, the outside air temperature was approximately
-20°F. After adjustment, the propane vehicles appeared very favor-
ably compared to the gasoline vehicles.

Idle CO Avg. after Adjustment

69-72 Propane 0.8%
70-73 Gasoline 1.4%
However, within a week after the adjustments were made, the fleet
mechanic indicated that the engines were misfiring at idle, and
he had readjusted them to an emission setting of 3.0% C0. No fol-
Tow up was possible on these vehicles to determine the CO at the
“time of the misfiring or whether the misfire was due to "too lean"
operation. |
Propane is widely reputed to be a.clean burning fuel and is
“advertised as such. However, an the basis of the VEAP study, no
clear evidence was revealed which showed propane to be generally .
more favorable than gasoline from an idle emission standpoint. To
solve this question, .a much more detailed field .testing program in
a Fairbanks or similar climate- is necessary. Propane does-show a
slightly unfavorable ice fog characteristic; which is detailed in
Part I1I. |
Foreign vs. Domestic Manufacture.
In the previous discussion, it was sufficient to compare CO e-
misSion on a percent basis since the engines were of equa1'disp1ace-

ment. But when comparing small displacement foreign engines to the
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larger displacement engines of U.S. manufacturer, it becomes neces-
sary to use a mass or volumetric comparison. A good approximation
to obtain the amount of CO emitted is as follows.

Intake manifold vacuum in {atm) x
engine displacement 1n (liters) x
~ engine speed ———{mln ) X
co concentratwon (%) = CO: (li$§r§) at 1 atm.

min

assuming: moles of combustables = moles combustion products;

moles of fuel are'insigﬁificant compared to the moles

of air; 100% volumetric efficiency.

In making comparisons of the VEAP data, average engine displace-

ments are used with the assumption that:

U.S. mfg. average disp]acement = 300 cu. in. (4.9 liters)

Foreign mfg. average displacement = 1600 c.c. (1.6 liters)
Both engines operate ‘at approximately 16~19" ‘Hg manifold vacuum (17"
“used) but the smaller foreign engines idle at approximately 900 RPH
;ompared_to'SSO RPM for the U.S. engines. Therefore, calculating the
relative emissions from the .data summary fer all foreign and domestic

vehicles at idle before ddjustment yields:

Cen-{r
Foreign: (3921 atm) (1.6 11t.) (232 rem) (3.24 C0) = 1000 it co.
Domestic: (3g017 Atm) (4.9 1it. )(§§Q RPM)(3 4% C0) = 2000 ;}ﬁ Co.

This comparison shows that as received the average foreign manufactured
vehicle emitted about 1/2 as much CO as the domestic vehicles at idle.
_This, of course, is mainly due fo the smaller engine size. The results
which were obtained in this study compare very well with the findings
of the U.S. Public Hea]th'Service(z) when in 1967 that organization re-
ported that CO ]evels'from'imporfed compact cars were only 46% as high

as emission levels produced by the standard size domestic vehicles.
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No after-adjustment comparison can accurately be made since
manufacturer CO emissions criteria were lacking for many foreign
9ehic1es.

Domestic Gasoline vs. Diesel vs. Propane.

Here the total volumetric CO emissions for the three engine
'typeé are compared as received at idle. Using the same method as the
previous--comparison, the average diesel powered passenger car had-an

average displacement of 2.1 liters and idled at 600-700 RPM with

negligible manifold vacuum. Thus:

oen
Diesel: (1 Atm)(2.1 Titers) (532 reM)(0.1% CO) = J&E 0.
1970-1973 Domestic Gasoline:
(H pem) (4.9 14t.) (332 Re) (2.7% C0) = 16(0?)%:—3 0.
Propane: (3351 atm) (4.9 1it. )(%9 RPM) (2.4% C0) = 1400 ﬁl 0.

As received at idle, the propane and diesel emitted 88% and 4%, re-
spective]y, as much CO as the 1970-73 domestic gaso]ine-enginee

For low CO em1ss1ons at 1d1e there 1s ‘no contest--the d1esels are
‘def1n1te1y superior. - Even after adgustment the spark ignition engines
cannot compete with the diesel at idle. 'This statement should not be
taken to mean that if all of the vehicles were converted to diesel the
-Fairbanks air pollution problem would disappear. For diesels, CO emis—
sions do increase at higher speed, as is seen in Table 2. Also, diesels
can be relatively high emitters with respect'to the heavier HC and al-
dehydes (smoke and odor). The 1evels of'HC and aldehydes at present
are not very high in the Fa1rbanks area, but a total vehicle population
.of d1esels possible could result in an increase of these levels. The
most conclusive statement which can be drawn from th1s comparison is:

if a significant amount of the Fairbanks vehicle population was diesel

23



powered, a proportional drop in ambient CO levels would be experienced.

However, a careful study would be required to find the Timits of diese)

popuTation which could be tolerated without dangerously increasing other

forms of air pollution. Ice fog emission comparisons are made in Part III.
G. Emission Testing Cycle

As the previous sections indicafe, the VEAP study and the analysis of the
data were mainly concerned with CO emissions-at idle. Since the highést ambient
Co 1eve]$-occur in winter in the Fairbanks area when driving conditions are
difficult and traffic is moving slowly, idle emissions are very significant.
fBut”CO'emiésions at-idle-contribute only part of the total ambient CO produced
by motor vehicles in the city. While the percentage contribution at idle is ex-
pected to.be censiderable, to daté no sophisticated attempt -has been made to
accurately abtain this information.
fhe present method for making a total-evaluation.of vehicle emissions is

by the use of a drivihg'cyclei(ls’lg) A driving cycle is basically the average
automobile trip. It consists of:. startup, idle, acceleration, deceleration,
and cruise at different rates. - There are several esfab]ished cycles, .EPA, CVS-1-
and CVS-3, AEW cycle, and the California cycle. .A11 differ slightly but most
are applicable fof driving conditions in the "lower 48." 1In cycle testing, emis-
sions are measured for- éach of the driving modes and;an overall average emission
is 6btained; Unqutunate]y, none-of these cycles would apply to the winter
dfiving condition§ experienced in Fairbanks. For example, the CVS cycle begins
with startup of a vehicle that has been left standing for 12 hOUrs-at +60 to
+86°F . After'id]ing for 20 seconds, the vehf;?e is drivgn on a dynamometen.tn
simulate a typical trip in which periods of cruising af speeds about 50 mph are
experienced. In comparison, a typical winter driving cyclie in Fairbanks might

well begin with a vehicle being started without -preheat after it has Stood for
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12 hours at -10°F. After 2 to 15 minutes of idle, it is then driven in traf-
fic whefe the maximum speed reached is 30 to 40 mph and averages about 10 to
-20 mph. Of course, this is speculation based on the authors' experience.
However, the point is simply this: before any firm statements are made re-
lating to the total levels of vehicle produced CO emissions in the Fairbanks
area, a typical Fairbanks cycle must be established and vehicles must be
eva]uated. The VEAP Program has only been a beginning and does not include

such total emission considerations.
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IT1. EMISSION CONTROL METHODS
A. General

In this section, a variety of CO control techniques are considered as they
relate specifically to climates similar to that found in Fairbanks. The tech-
niques discussed covera wide range of possibilities. Soﬁe are well established

methods well proven with Tong histories of adequate service; some are in the ex-
perimental stages of develbpment while others are theoretically attractive but’
have not been proven to be feasible, even in the'ekperimental stage. It is im-
portant to remember that CO is producéd'as a result of poor combustion efficiency.
" The internal combustion engine, by its very ﬁature, is a thermodynamic energy con-
verter which attains a relatively high termal efficiency at the expense of com-
bustion efficiency in normal application. In other words, there are practical
limits to which CO emissions from existing motor vehicles can be reduced in any
environment. It would be the 1ogfca1 conclusion of a comprehensive research ef-
fort to establish such limits for cold regions. This report does not'go that far;
rather it'oﬁ]y diéCUsseé brieffylthé metﬁbds which must bé much moke;painstaking]y
considered if such limits are to be defined.

Ais noted earlier, CO emissions from internal.combustion engines are .basic-
ally an excess fuel problem; i.e., too rich A/F mixture. The solution is,. of
course, to add extra air (oxygen, 02) to burn the'CO. The air can be-added thrbugh:
Teaner carburetion or injected into the exhaust system where the CO can burn. out-
side of the cylinder before it can be emitted to.the ambient air. Operation with
a rich A/F‘mixture and air injection to allow burning of the CO in the exhaust
system gets around the lean mixture operation problem but uses fuel to heat the
exhaust system rather than powering the vehicle. The two major exhaust treatment
systems which thus far appear to be the most promising are catalytic converters

and air injection systems.
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B. Air Injection System (Air Pumps)

| The air injection system which is in routine use is commonly known as
the air pump. With the air pump system, the exhaust port and manifold acts
as a thermal reactor or combustion chamber to burn CO and HC. The air pump,
which is about the size of the alternator, is located near the front of the
engine and is. powered by ~-a fan belt. ItrpumpS'(injects) fresh air behind
.each.engine exhaust valve. Injecfed.ain'at this. point causes. unburned hydro-
. carbons .and CO to burn in the exhaust manifold because of the high gas-tem-
perature instead of passing to the atmosphere through the exhaust system.
.Exhaust,gas;temperaturesAdownstreém'of-the manifold are too low for efficient
CO oxidation (to”COZ) without' the use of-a catalyst to speed up-the reaction.
The air injection rate is -about 20-30% of the carburetor air flow.

Air pumps were part of the emission controls installed in 1966-67 on
-California manufactured Ford, GM, and AMC vehicles. . Some newer models were.
also equipped.- Approximately 4-5%-of the pre-68 and post~69 and- 10% of fhe
-68-69 VEAP vehicles had air pumps. Air pump performance at idle on a 1968
six cylinder GM“engine'i;.shown in Figure 9, a-plot of percentage CO with.and
‘without -air pumps vs. number of turns of the idle mixture screw. -For both
curves .the C0. values have been corrected to 0% 02 to account (correct) for
exhaust.dilution caused by the air pump. Larger, insulated exhaust-manffold(s) :
. (thermal reactors)- should perform more efficiently than the units presently
in use.

Lower ambient air temperature (say -40°F) shou]d have little effecf upon
air pump system performance. VEAP data tend to confirm.this. For example,
assume 1000°F exhaust temperature before mixing (air injection). Mixture

. temperature will be 1.0(1000) # 0.25(-40) = 790°F. Theoretical mixture temper-
' 1.25

ature for Figure 9 was 800%°F. Combustion of the CO and HC will raise that’
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temperature by 50° to 400°F. During deceleration, the air pump's output ‘is
dumped into the atmosphere to prevent backfiring of the very rich mixture at
the exhaust port. New (1973) GM vehicles can be ordered with air pumps for
less than $20 (16) For retrofit purposes, the U.S. EPA(J3) reported instai
lation costs of approximately $375 and that no developers were interested in
-retrofit application. Addition of an air pump to a vehicle should not-greatly
affect .a.mass «ice fog emission. However, some-additional water vapor will ‘be
produced -as :a_result -of more ;omp]ete combustion -of HC. There is a slight
penalty-in gas mileage. énd_ an' increase in--exhaust volume (apparent ice
fog-volume) :by-about 25%. :-Apparent ice fog-is a-term which. refers. to ‘the in-
creased plume volume which is visible at the tail pipe which would-tend to
increase the hazard of following a vehicle during an ice fog episode.

Air pumps do-seem to be-ideally suited for use in cold climates to help
:feduce.CO emissions mainly because of their good service record and lTow main-
tenance requirements as well as their relative insensitivity to carburetor
maladjustment. Their increase in apparent ice fog, however, could prove to
‘be a very significant factor in-their acceptability.

C. Catalytic Converters

Catalytic canverters have been in use for many yearSrto-feduce the CO
emission of internal .combustion engines which operate indoors= i.e., Tift
trucks and mining machinery. Very good results have been obtained in these.
applications especially with propane fueled engines. - They are, however, re-
latively new to the auto industry when being considered for généra] usé. While
tﬁey are commercially-available for automobiles, they have seen only limited
use in the lower 48 states. To the knowledge of the authors, no record of

- their performance in cold regions is available.
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The catalytic converter is usually a canister containing an oxidizing
catalyst, which is mounted integrally within a vehicle's exhaust system. The
canverter is smaller than a muffler and s uéua)]y mounted next to the‘
exhaust mani%old for‘heat-cnnéervation. -The catalyst, which may be a noble
metal, speeds the oxidation of HC and €0 and allows it to occur at témper—

atures lower than with air pumps. For example, a portable "Co]emanRT"
catalytic {platinum-asbestds) heater cperates cn the catalytic converter
principle. .

‘Catalytic converters wilt thearetically require an dir pump if a vehiclets:
'éarbUrétorrcan'be adjusted to give an A/F richer than 14.3. However, from the
present testing being carried out hy'thé Qalifornia State Air Resources Cénfroir
Board, it-apbearedathat as a practical matter some form of air injectian is
yequired in all cases for the most efficient operation.

The catalyst™ilst reach a:.certain activation temperature -before significant
conversion (50% of the.CO to CDZ).can take p]ace.(]yj With usage and deteri-
oration, that temperature can increase, allowing éxcessive emissions during
low temperature operation.

In climates such .as those found-in Fairbanks, two potential problems with -
catalytic converter operation can be expected:

1. Activation temperature:

Dufing cold weather startup it may take a-considerable length-
~ of time for the Cata1yst bed to reach activation temperature. If
this time should prove excessive, the value of the device to reduce
0 will'be minimized since CO will be emitted throughout the'catalyst
"&arm‘up:periédu' ?hfs-prﬁ@lém-cau?ﬁ perhapsibe solved by preheating

the catalyst with an electric resistance heater before cold start up. .
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2. Catalyst overheat:

The second poténtia] prob]em occurs after the catalyst acti-
vation temperature has been reached during a cold start situation.
Due: to the relatively small thermal mass of. the catalyst as com- mass or ine
pared with. the engine block and manifolds, activation temperature
.can be expected to.be reached long before the carburetor choke
has .opened. This would.result- in: extremely high .exhaust concen-
tration. of combustables (CO and HC). Oxidation of:these unusually
high -concentrations within <the: ccatalytic. converter could result: i
temperatures “high enough to destroy ‘the catalyst. It -is possible-
that this_prob]em;cdu1d be overcome by use of special chokes .and.
~intake manifold quick heating devices. |

Another more general restriction associated with catalytic .converters
.is that -not-all fuels are acceptable for use. Lead and phosphorus compounds h
in gasoline, for exampie, may tend to poison the catalyst (destroy catalytic
activity). Lower-48 retrofif-inﬁta]]atibn costs for.catalytic-conVerters*

(13) There is no. cost esti-.

were estimated (1972) to cost from $143 to $175.
.mate available for. Alaska. Addition of a catalytic converter toa vehicle
should- affect-ice fog emissions in a manner similar.to the.air: pump.

In summary, . regarding the catalytic converter as an emission control de-
vice for-caoldi-climates; there is insufficient information at this :timé to make
any conclusive statements.

D. Lean Mixture Operation
There is, of caurse, another more basic method to reduce CO emission.

This is through lean air/fuel carburetion.. This method.is discussed..to some

extent in Section II and will be elaborated upon here.
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The major advahtage of lean mixture operation for CO control is that
more of the CO and HC is used to increase mileage rather than exhaust tem-
perature as with exh@ust treatment devices. Lean mixture means an A/F
greater than or equal to 14. Most of the post-1970 models were designed to
run with lean mixture carburetors.

To obtain Tean mixture operation without one ¢f the newer carburetors,

a method called intake manifold air bleed can be considered. In this
system airfor combustion is injected below the carburetor. An air control
valve “is used which increases the A/F by metering air to the intake manifold
1h'response to manifold vacuum. This system would be applicable only as-a
retrofit item on pre-1968 vehicles. Again, however, as with other control
devices, cold climate consideration must be made. At low temperature, as
seen in Part [I (Figures 6 and 7)>pre—68 vehicles without intake air preheat
tend to run-Teaner -than those found in the Lower 48. If this is in fact due
to the increased air densities occurring at low temperature, the air.bleed.
system could result in overly lean mixtures during winter months. This will
“tend to cause feducéd‘drivability; an increase in HC emissions and perhaps
valve burning as a fesUlt of the higher cylinder head temperatures. Such de-
- vices-dat this™time exiét'only in the experimental stage. -~ To the knowledge:
of the authors no certified air bleed to intake manifoid systems are commer-
cially availablte.

In the Fairbanks area gasoline fueled vehicles could run leaner if.lean
misfire could be eliminated. Misfiring due to lack of sufficient fuel vapori-
zation caused ‘by cold intake manifolds can be corrected by one of two methods:
1) "adjusiv{ream out) carburetor jets to give a richer mixture; i.e., lower
A/F or (2} insulate intake manifold and heat if necessary to provide more fuel

vaporization. (See warm HC curve, Figure 2) The latter method is preferred since
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it is less costly; it will provide better mileage, reduce CO emissions, and
prevent carbon coating of plugs and head(s). On some: "hot" engines (crowded
under hood volume) the insulation may have to be removed for summer use. On
inline engines {where the-manifolds hang on the.side):-heat may be cross-fed
from the exhaust to intake manifo]d'by enclosing both in a metal shroud.

If the mixture is too lean, valve burning problems may occur which would
lead to high emissions and repair bills.

Higher idle.speeds..and Teaner mixtures increase the.tendency of spark
ignition = engines:-to diesel. -Dieseling is when- a spark~ignition engine
continues -to -run-after-the ignition has been-turned-off - On most-post-67
vehicles, idle stop solenoids are attached to the carburetor to allow the throt-
t]é plate to close when the ignition-is switched off, thus preventing dieseling.
Many of the VEAP vehicles had the solenoid improperly adjusted or completely
missing; '

If lean mixture operation increases mileage by about say 5% then the ice
.fog emesion.(bqth,mass:and;vo]ume)_wi]] be reduced.about 5%. . .

Lean -mixture operation does appear to be-an-effective CO-emissions cbn-
trol method if the proper steps aré followed to insure efficient cold weather
operations
E. Summary Compariﬁon

Table 3 summarizes the éa]ient poihts of the three major CO control methods.
The % CO reduction Tisted in Table 3 should be interpreted with caﬁtion; i.e.,
addition of an.air pump to a vehicle with lean mixture_carburetién will not re-
duce. the CO emission by 100%. The exhaust treatment devices (air pumb and/or
converter) are more efficient percentagewise, when there is more CO in the ex-
haust to treat. For example; from Fig. 9, at three turns out (id]e mix screw),
the air pump removed 80% of the exhaust'CO; But at 1.25 turns out, the reduc?

‘tion was only about 60%.

33



Table 3

MAJOR CO CONTROL SUMMARY comparIson(13(16)(19)

Catalytic
Lean Mixture Air Pump Converter
% CO Reduction 50t Up to 50tx* 60t
Installed .Cost.
Retrofit. $20-70 $200-400 $150-200
“with new vehicle Std. Equip. $20 (GM) > $20 ?
Expected life miles Same as engine 50,000%

Same as engine

Expected supplies
cost/miles

Special- fuel

Fuel Economy

Temperature Sensitivity

Ice Fog

Other Considerations

* Compared to vehicle without that respective control method

** For pre-1970hmodelsu

< $10
50,000

None.

Increased

Warm intake

- .manifold may

be required.

Decrease .

Dieseling
and valve
burning with
improper ad-
justment.
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$10
50,000

A

--None,

Slight
Decrease

None

Increase..

In common
use since
1966.

$20 (bata]ygt)

25,000
Non-lead

Slight
Decrease

Has to be above

activation temper-.

ature but below

fusion temperature..
Increase:

Not in common
automotive use.

(13).



F. Inspection and Maintenance Programs

Many of the newer vehicles have emission control devices which upon
malfunction cause higher emission levels than on similar (earlier manufacture)
vehicles withont the devices. For example, a plugged PCV valve could more
than double the idle CO emission.

Gaseous fué] carburetors are designed to operate at a high A/F ratio,
to reduce CO emission. But, as shown before, they could easily be maladjusted
to triple the idle CO emissions.

To insure efficient pollution control device operation, an emissions in-
spection program is necessary. Such a program combined with mandatory repair
would detect and correct the harmful emission producing malfunctions. The
New Jersey Department of Environmental Protection instituted an inspection
(at 1dTe) pfogram in 1972 and has arrived at the_fo]]oWing conc]usions:(]z)

1. With proper training and equipment, the automot{ve service Tndustry |

can tune vehicles for low emissions at reasonable cost.

2. Periodic vehicle emission inspections and maintenance can significantly

reduce CO emissions in urban areas.

Excessive CO. emission is caused by too low.an Air/Fuel ratio (A/F) which
is basically a carburetion problem. Rebuilding faulty carburetors will not
‘necessarily solve the problem. In rebuilding, metering rods, jets, and springs
are not always replaced. In any inspection and maintenance (I & M) program,
bench flow testing (for correct A/F) would be requisite for all replacement
(rebuilt) carburetors, followed by proper adjustment once installed.

G. Fuel Volatility
. Winter gasolines that are more volntile will allow leaner mixture surge-
free operation. Propane or natural gas, for example, are extremely volatile,

allowing surge-free operation at an A/F of 14.5 or more.
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The winter gasolines sold in the Fairbanks area are the same as those
supplied in the northern tier of the Lower 48 states. Blending propane or
butane with gasoline Will increase its volatility but might also increase
vapor-locking tendencies. Depending upon relative amounts of propane or
butane and gasoline, the mixture will begin to boil (Vapor Pressure 214.7
psia) at -45°F for 100% propane to +100°F for 100% gasoline; therefore, en-
riched gasoline {in.a conventiopal gas tank) cannot be stored. in a heated
garage. Proper blending and usage is required to reduce. the .combustion and
container explosion hazard. |
H. Cold Start

One cold start to warmup a vehicle may emit much more CO than several
minutes of warm id]ing; Wendell, et a1r(]4) have stated:

"Unfortunately., .the effectiveness of proposed emission con-
trol devices to reduce emissions from vehicles is not as effective
on cold start emissions-as on emissions from automobiles at normal
running temperature. Thus, cold emissions from post-1974 cars will
become increasingly. significant. In.particular, 90% of the CO and.
80% of the HC will be emitted during the first 2 minutes."

[of the Federal CVS cycle]

- Cold start emission levels are expecteﬂ‘to last for more than two min-
utes during sub-arctic driving conditions. To get sufficient fuel vapor for
combustion with - a cold intake manifold,. a.vehicle must be choked to a very
rich mixture; A/F down to 1 in some cases. At low tempe#atures, an A/F
(1iquid) ratio of 1 to 1 may be required to.get an Air to Vapor (fuel) ratio
of, say, 10 to 1.

Cold start emission levels could be greatly redqcéd if the intake mani-
fold.were heated to normal operating temperature before or 1mmediate]y after

starting. General Motors Co. (GM)(]S)'is developing a quick-heat manifold -
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early fuel evaporation (EFE) device which is coupled with a rapid release

_ choke. }GM has reported that this system has eliminated up to 90% of the
CO produced during the cold starting of 1972 engines [1972 HEW schedule,
first cycle].

-Cold -start emissions need to be more quantitatively defined for cold
climate -regions. - A present practical alternative (to cold starts) would be:
to electrically: heat the intake manifold before starti hg.  If the‘manifold
“weremwarmfenough;~thene;wou]dhbe Jittles need.of a.choke.for.starting an.
sotherwisescold-wvehicTews In. cold wwlimates, e1ectric.heatersrare:roﬁtinely'
"usedfto‘heatféng¢ne'bTocks’before“startingt ~These electricantifreeze-heaterss
;supply:some.héat to:thé intake.mahi$o]ds, especially on engines where. the
manifold. sits between the.heads;..InSuTating_the-manffo]dvwou]dmraiseuits
temperaturenandufeQutre;Tess electricity for easiefzstarts.

'Cfrculatihg'(tank type) heaters are more susceptible to circulation-res
striction-than are direct immersion. heaters. In use,. ethylene glycol-water:
(50-50. to:60=40) solutions ‘tend :to:sludge out (ice.formation) at temperatures:
béTow-—40QF; Sometimes -this s]udge will plug the 174" I.D. suction line td
tank type ‘heaters. In-bleck: (immersion)-heaters do-not have the -low: tempers:
atuwe+cireuﬂa¢ﬂ0nnproblem.=ITherefore,rtheyfshou1d=be.moresreldable.««Propyﬁs
1enetg1ycoﬂiwaten{sdiutiethshouIdﬁhaveta:much 1owerss1udgingwtempera¢ﬁre;

I. Fuel Economy _ |

Besides::reducing: .CO: Tevels in .the.Fairbanks:.area,.an. I &M program-wouﬂd
‘save ‘the operator of a "high emitter" considerable cost in terms of: fuel ex=
penses if -he were 'required to reduce his vehicle's CO-emission. For éxamp]éz’
consider.a..late model vehicle.that:is. emitting. 6% CO.(many VEAP vehicles. were.
~hi§h9r)'at“both idle and high speed. “Referring to Fig. 4, that would mean-

that he was operating at-an-A/F-of‘]Z/);' A late model vehicle should easily
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operate at a CO level of 1% for an A/F of 14/1. Calculating:
A/F = 12/1, as 1# of fuel is used for every 12+1=13#
Air + Fuel, or F/A+F = 1/13.
Likewise, for A/F = 14/1, F/A+F = 1/15#.
Converting the A/F = 12/1 to an (A + F) = 15# basis,

11513 _ 1.15 _#F
i3 15/13 15 #(A+F)°

Therefore, adjusting a vehicle from 6% to 1% CO will save %4%%-x 100 =

13% in fuel costs under steady state driving conditions. For the owner of
one high emitter who spends $10/week for gasoline, this should save him about
$68 ber year which should more than pay for the adjustment. The annual sav-
ing would be over $100 for a vehicle that was adjusted down from 8% to 1% CO.
The increased mileage comes from burning the CO .and HC that would be present
in the exhaust at the lower A/F;
J. Ice Fog

Ice fog generated by motor-vehic]esvis of course the result of combustion
produced water. vapor emissions. According to Benson£3).automobi1es are a mi-
nor contributor to the tota] jce fog in the Fairbanks area. On an overall
basis, this may be true. But it is the vehicle-produced ice fog which-lingers
above road surfaces, blocks visibility of traffic signals, other vehicles and
pedestrians and,-in genera];'creates the extremely hazardous“drivihg conditions
Whiéh are the main objections to ice fog.

Newer vehicles, due to poorer fuel economy, emit more water vapor resulting
in more ice fog than older vehicleé. For example, a vehicle that gets 10 miies

per gallon puts out about twice as much (mass and volume) water vapor as a

vehicle that gets 20 mifes per gallon.
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If the exhaust gas water vapor were condensed out (by means of a heat

exchanger) before exiting, there would be negligible water vapor, hence no

-ice- fog, emission from vehicles. However, to date, no practical equipment
has been developed to do this effectively.

After making a few basic assumptions, one'can estimate the ice fog
'(Héoﬁ‘emissibns from-different fuels used in internai .combustion engines.

The fuels -are diesel -(fuel-0il), -gasoline, and .propane.
Assumptions:. (1) :26+:miles:.perigallon.for a 2 litemdiesel .passenger
vehicle.
£2) In“switching from fuel 0il to ‘gasoline -or: propane.
~in-equal weight vehicles, the motive energy: re-
-quirement . (Btu/mile) will be unchanged.
summerggggﬁrsmatédzthat, in;generaﬂ,.diese1;engﬁnes“areJBT%;and.automoxiﬁe;gas
oline engines are-25% thermally -efficient.” The compression ratio -is-not
changed .by converting from gasoline to propane; therefore, 25% efficiency will
be used with propane. ' '

The héatingfva]ue’of.most.hydrocarb;ns (fuel 0il, gasoline, and propane)
'ﬁ§£ﬁbcut*thetsame‘fZO?OOGﬁBtu/Tbrjq‘thereforefitﬁeir:miTeage'per pound- of fuet
wiﬂﬁ*be=prop@rtionaﬂ:to‘efficiencies"andmw$11'bevthe)same;forwgasolﬁnehand
-propane. Thexdensities:-of fuel 0il;, .gasoline; and-propane are 6.8,:6:1 and
4.2 pounds per»gajlon respectively.

Using .26 mile/gal. diesel yields:
-1 (26) & - 15.8 mile/gallon o
15.8/6.1 =2.59 mile/pound of gasoline.

Propane would then yield:

- 2.59(4.2) = 10.9 mile/gallon.
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Union 0il Company of California and APl data lists arctic fuel oil as 13.7
weight % hydrogen." Henein(]g) states a carbon to hydrogen mass ratio of
6:1 to 6.8:1 for commercid] gasoline. A ratio of 6.5:1, which is 13.3 weight
% hydrogén will bé~u§eda “Propane is 18 weight % hydrogen:

In all the fuels, hydrogen is assumed to burn completely forming nine
pounds of water per pound of hydrogen.

-After calculating the water emission from combustion (pounds H20-per
'galionrofiﬁue13~thé'¢ce%ﬁog%emission‘based=on miieage.cah;beﬁtabdhatedaas
in Tab]e 4, |

Table 4
ICE FOG (H,0) EMISSION. BASED ON MILEAGE

Fuel Mileage - Emissions
“mi/gal mi/1b, fuel lb.HZO/gaT. 1b.H,0/m
Diesel (fuel oil) 26 - 8.3 0.32
Gasoline 16 2.9 7.3 0.46
Propane 11 2.9 | 6.9 - 0.63

Diesel.{fuel oil) emits: Jess water. vapor. because of its higher thermal.efs
ficiency; i.e., more miles-per gallon. .

fWater<vapoh.emission~Licezfog) based:upon -other m?leages‘can.be;estis
mated ‘by-simple conversion. For example, if a vehicle is yielding-10-miles .
per gallon-of.gasoline,. then 1£s ice fog (HZOJ;emiésion'will be 0.46 (15/10)
~ 0.74 pounds: per mile:

“When considérdng»any environmental problem, it is very important to cares,
fully consider how a change in one area will affect another area. -Throughout
"this section, methods of CO reduction have been considered with-respect~$o;how

they might influence the production of ice fog in the Fairbanks area. . Some "
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- CO controls would reduce vehicle-produced ice fog, while others would in-
~crease it. The important point is that in advocating any one pollution
control system over another, caution should be exercised to insure that

levels of other forms of pollution are not unduly~increased.
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IV. SUMMARY

Perhaps it can be -said that this report has raised more questions than
it has answered. Well it might, for as is usually the case when one.tries
to become educated in a complex subject, the initial conclusion is that to.
do a proper job, further education is needed. This report has considered in
broad terms the problems associated with the control of vehicle produced CO
and, to some extent, ice fog in regions with cold climates. This area has
shown itself to be complex.

Basically, the apprbach'has been to evaluate the emissions of vehicles=as
they exist in the Fairbanks area and find out what can be done to lower emis-
sions by simple adjustments. Then from the data obtained, differences in
vehicles were assessed from an emissions control standpoint. However, when
‘this was attempted, the conclusions were found to be weak because.of a.lack
of necessary information. Next, systems and methods to further reduce existing-
emissions were considered, but again, the lack of practical field evaluated
~information forestalled the desired, firm conclusions. What then has. this.
report atcomp]ished?

This réport has outlined the problems faced in cold-regions -vehicle-emis-
sion°¢ontrol, surveyed the problem on the most practical-level; and-pointed to-
ways in which the problem might be solved.

It remains to be seen, of course, exactly how the technological, socialy-
and economic problems will be solved. But research must continue if we are
to live in an acceptable environment with our existing vehicles, while we wait

for industry to develop cleaner running equipment.
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V. CONCLUSIONS AND RECOMMENDATIONS

| 1) As received at idle, the propane fueled vehicles tested emitted 88%
and diesel vehicles emitted 4% as much carbon monoxide as the average
(300 cu.iine V-8) :domestic gasoiine fueled.vehicle.

2) As received at idle, the average foreign manufacturéd vehicle emit-
ted. about 1/2-as -much €O as the average domestic.vehicle. This is.
due” to the smaller engines used -in foreign-vehicles:

3)h-Pnopeﬁ adjustment«of4the carburetor idle mixture screw produced.a;
44%-reduction=inmC0+emissions-ats idlesfor the«1968 :to. 1973 domestic:
‘vehiclestested.

4) If all Gf the motor vehicles in the Fairbanks area were adjusted for
leaner idle operation without requiring high emitters.to have major:
cenginesirepair sto lowertheir emissions; an: overaldsreduction.of.about.
34% “in""idTe-<produced CO- could-be-realized. -This~does not-consider-
vehicle-produced CO emitted by vehicles while under load.

;5) Some:. form ‘of ..Inspection..and-Maintenance; program.is. necessary. to: in:
sure proper adjusfment of carburetion systems and pollution control
déV$cé§*¢ﬁvarserﬁdusweffortﬂﬁSHto;beumade IOfﬂ0wercvéhie%erproduced
arr-pol lution-levels:

6) ~‘Pr’e"—"]968've'hichs:s without intake air preheat tend to idle leaner in
cold climates due to the higher density of the air.

7) ‘Dur$ng%é0¢d‘weatheraopematton;amanymofﬁfhewnéwer:vehic]es:with‘Jeanér.
carburetion systems tend to misfire when manufacturer's recommended
CO emission levels are obtained, probably due:to incomplete vaporization
of the fuel. 'Insuiating'ahd/Or heating the intake manifold would con-

'siderably help to eliminate this problem.
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8) Most of ‘the pollution control equipment and methods presently in

standard use on motor vehicles are helpful in reducing CO emissions
in cold climates: However, they are not always as effective as
they would:bein‘warmer climates. In addition,. some of the low

€0 emission devices and engine types such as air pumps and propane
fuel tend=to increase the production:of‘real and apparent ice -

fog. Thése trade-offs must be kept in perspective when-advocating

any-one ‘€0 =“contyot™method.

*DieseV:Powéred WelhicTesvare: Tow-émni tters of both C0-and ice:.fog but:

may be relatively high in heavy HC and aldehydes which are not pre-
sentTy at probYem- 1evels ¥n the ‘Fafrbafiks area.

There-is-—a severe-lack-of -information -available relating..to the .oper-

At 10n 6F>and “control ‘of=eniission=from-motorvehicles:in cold-.ckimates:

-while the background research necessary to make sound knowledgeable

decisions relating to vehicle emissions control in more temperate

zones Js-extensive.
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VI. RESEARCH NEEDS

This report raises questions about arctic effectiveness of proposed con-

" ventional alto emisQion control devices and suggests alternate techniques

which may reduce pollution while providing better driveability. Concen-

trated investigation in the,fbllowing areas is necessary to provide rational,
effective and economic criteria for controlling automotive emissions in

cold climates.

1) A cold regions .vehicle emission test cycle must be developed which would

. be representative of urban driving. habits under arctic winter conditions .
to- properly assess the. total emissions of a vehicle, at-idle, under-load,
and during acceleration and deceleration.

2) A thorough field evaluation of all existing vehicle emission control .mea-
sures.mustlbe:madewwjth;Carefu],‘quantjtatjve consideratioﬁ.givenhto.the:
‘cause. and effect relationship between individual pollutant levels which .
might result -when the level of one is changed. These tests should be
carried out using the driving cycle of Item 1.

3) Studies are‘needed to develop. and test techniques, such as heating intake
‘manifolds.,. etc. ,. which.are.not. specifically.pollution control methods.but;
which, would. increase the..efficiency. of..cold weather vehicie.dperation and
thus aid in pollution control.

4)- Fuel research.is .necessary to develop blends more specifically adaptable
to.cold.weather. use. . Optimum mixtunes.of.prOpane.or butane and .gasoline
and the determination of safe handling procedures aﬁd carburetion re-
quirements might well be part of such an effort.

5) Immediate attention should be paid.to the development of methods -to-control

' vehic]e-produced'water vapor whTch results in the extremely hazardous .pol--

lutant known as ice fog.
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6) Any future vehicles manufactured and distributed in cold regions by the
automotive industry should be thoroughly evaluated for both acceptable
emission levels and satisfactory operation in those regions. This is

most important to insure customer protection.
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