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Your fastest way to find sure answers
in every area of science...

Examine

without risk

the new,

fully updated
Sixth Edition
of the world’s
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The equivalent of a
multi-volume science library—
at a fraction of the cost.

Here, in one convenient volume, are
the answers to virtually all questions on
every aspect of today’s science, engi-
neering, and technology.

This authoritative reference volume
contains thousands of definitions, ex-
planations, overviews, and specialized
discussions. Reflecting the contributions
of more than 200 distinguished authors
and advisors, it provides a complete
range of scientific and technical
knowledge in clear language.

Newly revised from cover to cover.

Long hailed as the most compre-
hensive and practical reference volume
of its kind, Van Nostrand's Scientific
Encyclopedia has been considerably
expanded and fully updated. More than
40% of the text and illustrations in the

Authoritatively covers = animal life m biosciences m chemistry m earth and
atmospheric sciences m energy sources and power technology ® mathematics
and information sciences ® materials and engineering sciences ® medicine
and physiology = physics ® plant sciences ® space and planetary sciences

Sixth Edition is brand new, keeping
pace with the explosive growth of
technical knowledge.

This new edition contains over 3,000
pages, almost 3,000,000 words, and
over 2,500 diagrams, graphs, and
photographs. References within entries
provide bridges to further information,
and there- are bibliographies for all
major entries.

Examine this ‘library’ without risk.

This reference classic, in large
format, is strikingly handsome. Its
authority and clarity make it an ideal gift
and a fine addition to any library.

Mail the handy coupon now, to see
for yourself how this convenient single
volume is like a multi-volume science
library at a fraction of the cost. Examine
the new Sixth Edition of Van Nostrand’s
Scientific Encyclopedia for 15 days
without risk. Then you, and you alone,
decide how important it can be to you.

On the previous edition...

“Highly informative,
authoritative, accurate.”
—American Association

New Sixth Edition gives you = over 3,000 pages = over 7,300 entries ® over
2,500 diagrams, graphs, and photographs = almost 3,000,000 words = nearly
600 tables m over 9,500 cross references ® metric and English units kind."

for the Advancement
of Science

“The best work of its
—Industry Week

VAN NOSTRAND REINHOLD Mail Order Service, 7625 Empire Drive, Florence, KY 41042

Act now and save.
This new edition is being offered at the special
introductory price of $99.50 through December 31,
1982. On January 1, 1983 it will cost $107.50. You
could not choose a better time to order this one-
volume science ‘library’ than right now.

MAIL COUPON NOW FOR
NO-RISK EXAMINATION
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VAN NOSTRAND REINHOLD
Mail Order Service
7625 Empire Drive, Florence, KY 41042

Please rush me the new Sixth Edition of Van
Nostrand's Scientific Encyclopedia. If not com-
pletely satisfied, | may return it in 15 days for full
refund
Budget Plan: Enclose $15.50 deposit and
remit balance in three monthly payments of
$28.00, for a total of $99.50 plus postage,
handling, tax. Sorry, no credit cards on this plan.

| Single Payment: Save postage, handling.
I Enclose check or money order for $99.50
plus local tax or charge to credit card

I MasterCard [ Visa

No. Exp.

Sig.

Name

(Please print)

Address

City

State Zip

Offer good in U.S.A. only. Subject to credit de-
partment approval. Payment must accompany
order with PO. box address. For introductory

price savm%s order must be postmarked no
later than 12/31/82.
25161-0 $4233




The Dispersion Analysis

Exhaust dispersion near a roadway is influenced by the

turbulence and heat generated by moving vehicles. Findings
at the General Motors Research Laboratories have provided
a new understanding of the dispersion process.

Tracer Concentrations

Distance from the road (m)

Figure I: Observed (solid lines) and predicted
(dashed lines) tracer concentrations near ground
level as a function of distance from the edge of
the road. Black lines indicate the case in which
the wind is perpendicular to the road; gray lines,
when the wind is nearly parallel to the road and
opposing the upwind-lane traffic.

Figure 2: This representation of a roadway
viewed from above shows the location of large
vortices formed by local wind shear when the
wind opposes the upwind-lane traffic.

BY USING the conservation-
of-mass equation, one can

describe the dispersion of gaseous
molecules in the atmosphere. The
equation includes terms for advec-
tion, diffusion, sources and sinks.
Advection is the transport of air
parcels by the mean wind; diffusion
is due mainly to turbulent mixing.
But the equation is useful only if we
have information about the wind
and temperature fields in the atmo-
sphere. Specifically, our ability to
predict vehicular exhaust concen-
trations near a road depends on
knowledge of the effects of vehicles
on these fields.

The conservation-of-mass
equation for the mean concentra-
tion of any species, C, is

ac

Localrate  Advection Diffusion
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where Ujis the mean wind velocity
and Kj; is the eddy diffusivity ten-
sor. This equation applies when the
length scale of mixing is small
compared to that of the variation of
the mean concentration. Near a
road, this condition is met if the
averaging time for the concentra-
tion and wind velocity is much
longer than the time interval of ve-
hicular passage. For a straight
roadway, a long averaging time
allows one to assume spatial uni-
formity in the direction parallel to
the road, and to ignore the spatial
derivatives in that direction.

The input information for K;
and the mean crossroad and verti-
cal wind components near a road-
way became available as a result of
a large-scale experiment con-
ducted by the General Motors
Research Laboratories. The ex-
periment has provided an under-
standing of the influence of moving
vehicles on mechanical turbulence
and buoyancy near a roadway. Dr.
David Chock was responsible for
the design of the experiment and
the analysis of the data. The experi-
ment, which duplicated a heavily
traveled, level roadway, was con-
ducted under meterological condi-
tions minimizing dispersion.

Moving vehicles affect the
mean crossroad and vertical wind
components in the following ways.
Vehicles act as an obstacle to the
mean wind, causing it to slow and
move upward as it approaches the
vehicles and downward as it leaves
the road. In addition, vehicles re-
lease heat, which causes a net up-
ward motion. It was established
that the increase in the mean verti-
cal wind component due to the ex-
haust heat was (B/U)” where U is
the crossroad wind component.




The buoyancy flux, B, is propor-
tional to the heat emission rate of
the vehicles.

Moving vehicles also en-
hance both turbulence intensity
and mixing. To determine how this
modifies the eddy diffusivity ten-
sor, Kjj, Dr. Chock invoked a “sec-
ond-order closure” assumption,
which relates eddy diffusivity to
Reynolds stresses and the gra-
dients of mean wind velocity and
mean temperature. Eddy diffusiv-
ity was assumed to be the sum of
ambient and traffic contributions.
To determine the traffic contribu-
tion, the length scale of the traffic-
induced turbulence was assumed
to be comparable to vehicle
height—1.5 m.

I ISING THE vast data base

compiled during the experi-
ment, Dr. Chock was able to spec-
ify Kjjand the mean crossroad and
vertical wind components, and
solve the equation numerically. To
test the model, half-hour measure-
ments of a tracer gas were used to
map out experimentally the ex-
haust dispersion under various me-
teorological conditions. The case
where the wind speed is low and the
wind direction is nearly perpendic-
ular to the roadway is represented
by the black lines in Figure 1. Both
the model and the experiment show
the same dispersion pattern. The
peak concentration is on the down-
wind roadside.

When the wind is nearly par-
allel to the road, the situation is
much more complicated. Figure 2
shows that when the wind and
traffic flow on the upwind lanes op-
pose each other, a high shear re-
gion occurs immediately upwind of

the first traffic lane. When the wind

and traffic are in the same direc-

tion, the high shear region occurs
in the median of the road. In these
high shear regions, large eddies are
generated and turbulent mixing is
intense. The gray lines in Figure 1
show a comparison of the model’s
predictions with the tracer data for

the case illustrated by Figure 2.

Notice that the peak concentration
can actually occur on the upwind

roadside, due to the exhaust trans-
port by these large eddies. Dr.

Chock’s model is the first to predict
this occurrence.

Under all combinations of
wind speeds and directions, the
predictions based on the model

compare favorably with the mea-

_surpd tracer concentrations. There
is little systematic bias with respect
to wind direction.

“In light of this new model,

exhaust dispersion near a roadway

can now be predicted with reliabil-

ity,” says Dr. Chock. “This is of
importance for environmentally
sound road planning, and opens the

door to the investigation of disper-
sion on city streets, where the pres-

ence of tall structures introduces
even further complexity.”

Dr. David Chock
is a Senior Staff
Research Scien-
tist in the En-
vironmental
Science Department at the General
Motors Research Laboratories.

Dr. Chock received his Ph.D.
in Chemical Physics from the Uni-
versity of Chicago. His thesis con-
cerned the quantum mechanics of
molecules and molecular crystals.
As a Postdoctoral Fellow at the
Free University of Brussels, he did
research work on the dynamics of
critical phenomena. He did addi-
tional postdoctoral work in the
fields of solid-state physics and fluid
dynamics. )

Dr. Chock joined the cor-
poration in 1972. He is leader of the
GM atmospheric modeling group.
His current research interests in-
clude the phenomena of atmo-
spheric transport and reactions,
and the statistical study of time-
series data.
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