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ABSTRACT

Stably stratified flow over a 1:12, 000 scale model of the U. S.
Naval Missile Facility at Point Arguello, California was studied in the
Army Meteorological wind tunnel of the Fluid Dynamics and Diffusion
Laboratory at Colorado State University. Mean temperature, mean
velocity and mean concentration distributions obtained for the labora-
tory flow were compared with available field data collected at the site.
These comparisons revealed that the geometrical, dynamic and thermal
similarity were sufficiently achieved to give similar mean flow patterns,
temperature distributions and concentration decay rates for diffusing
tracers.

The data revealed that a laminar laboratory flow may be usad
to simulate a turbulent field flow under conditions of stable therral
strat_ification and complex terrain. In such flow conditions, diffusion

is dominated by convective dispersion.
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I. INTRODUCTION

A wind-tunnel study of Point Arguello was motivated by the
desire to estimate the diffusion characteristics of toxic gases which
might be released in the vicinity of missile launch sites on the U. S.
Naval Missile Facility. A necessary condition for the modeling of
diffusion characteristics is that mean flow patterns over a scale model
of the terrain be established which are similar to those in the prototype.
Accordingly, the primary purpose of this study was to determine if
wind patterns observed in a wind tunnel over a 1:12, 000 scale model of
the Point Arguello area are representative of actual wind patterns
observed in the field. During this study, conducted in the Army
Meteorological Wind Turnel of the Colorado State University Fluid
Dynamics and Diffusion Laboratory, emphasis was placed on stably
stratified flows. This emphasis was required by the fact that the pro-

|
totybe flows are usually stably stratified.

The study was exploratory in nature since no attempt had been
made in previous studies to model wind patterns with thermal stratifi-
cation using such a small scale model with the exception of a 1:50, 000
model study of the lee-wave formation downwind of Mt. Fuji by Abe (1).
Most of the previous wind-tunnel studies of stably stratified flows have

been concerned only with the effect of stratification on turbulence

intensity (4, 10). The reasons for this previous emphasis were that a



wind tunnel capable of creating flow with an adequately controlled
density gradient had not been available and adequate field data for
comparison of laboratory inversion-flow results had not been obtained.

Specifically, the objectives of the present study were:

1. determination of the optimum surface roughness, ambient
wind speed, and thermal gradient in the approach flow to simulate
prototype conditions,

2. determination of characteristic wind patterns over the
1:12, 000 scale model,

3. comparison of wind -tunnel results with available prototype
data, and

4. determination of the feasibility of simulating diffusion
phenomena in the event satisfactory similituce is attained for the

mean wind patterns.



II. EXPERIMENTAL EQUIPMENT

A. Wind Tunnel

The recirculating meteorological wind tunnel, driven by a
250 hp DC motor, contains an 88 ft long test section which is 6 x 6 ft
in cross section. A 40 ft length of the test-section floor, beginning
32 ft from the upstream end, can be heated electrically or cooled by
ciréuiating brine through the floor. In addition, the ambient tunnel air
can be heated or cooled by passing it over brine ~chilled coils.

- A set of fine screens reduces ambient turbulence to a level of
“upstream from the test section, serves to stabilize the flow pattern as
well as to provide a thicker turbulent boundary layer than would exist
without it. A complete description of the wind tunnel can be found in
Ref. 3.

For this study a stabilized inversion flow was produced by
heating the air and cooling the floor. A zero pressure gradient was

maintained along the test section throughout all testing.

B. Instrumentation

1. Hot-wire anemometer--A constant temperature hot-wire

anemometer was used to obtain mean velocity measurements over a
range of velocities from 0.3 to 7.0 ft/sec. The anemometer, con-

structed from tungsten-iridium wire, was 2 x 10-'5 in. in diameter



and approximately 4 x 10-2 in. long. This element was mounted
vertically so that it was perpendicular to the essentially horizontal

flow patterns. Calibration of the wire at low speeds was made on a
rotating arm mounted in a closed tank in which the speed of the rotating
arm was calculated and compared_to the hot-wire output. For larger
flow velocities, a pitot tube and a ""Transonic' pressure transducer
were used.

¥ 2, Thermocouple--A copper-constantan thermocouple was used

to measure mean .temperatures. Output of the thermocouple was re-
corded on a Minneapolis -Honeywell single-channel recorder.

3. -Smoke--Smoke was used to define the flow patterns for
inversion flows which appeared above the surface of the model. Titanium
tetrachloride was used to provide the dense smoke required for photo-
graphic purposes.

4. Surface flow patterns--Indicator paint was applied to the

surface of the model to facilitate development of flow patterns. The
paint consisted of white water-base latex paint mixed with congo red
(an organic indicator of pH intensity). Diluted hydrochloric acid was
applied to the painted surface which sensitized the surface to the
presence of anhydrous ammonia. Anhydrous ammonia was then re-

leased from points of interest on the model surface into the air stream.

A trace of the diffusion plume of ammonia, irdicating the surface wind

direction, showed as a pink streak on the blue background of the model.



5. Camera Equipment--During this study two cameras were

used to record smoke and diffusion traces: (a2) a series 100 Polaroid
camera with integrating shutter utilizing both color and black and white
films which allowed the results to be seen immediately, and (b) a

speed-graphic camera utilizing 4 x 5 in. black and white film.

C. Models

All the terrain models used in the study ﬁad as a base, one of
the three 1:12, 000 scale topographic models provided by the Navy. The
plastic models were stiffened with plywood and fiberglass backing, and
sand (0.0058 to 0. 0116 in.) was glued to their surfaces to simulate
natural roughness. The models were coated with indicator paint as
previously described.

On the basis of preliminary wind-tunnel tests, the mountainous
terrain east of the U. S. Naval Missile Facility appeared to
influence the flow over the missile facility itself. In order that this
influence might be included in the model flow, an extension of the
model was constructed. The area included in the extended model is
shown in Fig. 1. The same grid appears on Y & D drawing No. 949885,
General Development Map, U. S. Naval Missile Facility, Point Arguello,

California. The point locations are identical to those identified in Ref. 2.



III. FLOW SIMILARITY

For flow patterns over the model in the wind tunnel to be
representative of those in the prototype, similarity in the thermal
characteristics of the flow as well as in the dynamic structure of the
flow was required. Similarity arguments indicate three primary
criteria must be satisfied before flow similarity' can be expected.

These criteria are geometrical similarity, Reynolds number similarity,
and similarity in the approaching boundary-layer flows (including

thermal and dynamic characteristics).

A. Geometrical Similarity

Geometrical similarity was achieved through use of the 1:12, 000
scale model supplied by the Navy and through the extension mentioned
in section II-C. The model scale was undistorted; i.e., the vertical

and horizontal scaling were both at 1:12, 000.

B. Reynolds-Number Similarity

If the Reynolds number is based on the ambient velocity U ft/sec,
the height of a characteristic feature H ft, and the kinematic viscosity

v ft?/sec, then typical values of Reynolds for prototype and model are

U H
B o= BB o OO g 5o p?

P Vb 1.5 x 10°



and

e (10) (2000)
v

= = 2 - 1.1x 107,
m (1.5x 10 7) (12000)

In other words, the ratio Rp/Rm , when the same fluid, wind speed,
a_pd ﬂqw regime (either laminar o‘rrturbulent) are uszd for the mcdel
flow as are found in the prototype _ﬂow, becomes equal to the scale
r_‘gtio»-- 1:12, 000 in this case.

— _ . For minimizing the apparent dissimilarity suggested by the
large difference in Rp and Rm , there are two distinct approac:hes
available. When both flows are in the turbulent state over essentially
flat surfaces, the model may bé roughened to produce flow characteris-
tics édr;fesponciin;g to those found at Reynolds numbers larger than the
actual Vailue. This -approach depéndé upon prcduciﬁg flows in which the
flow characteriatics becdmeébﬁstéﬁf (indepen:-‘.entrc-)f R;eryr'xolés number)
if a: loWer limit of the 'Rey'riol‘ds: nAum}/oér'. is exceeded. For -ékample, the
resistance coefficient for flow in a sufficiéﬁtly rough pipe as shown in
Schlichting (7, p. 521) is constant for a Reynolds number (mean flow
speed x pipe diameter/kinematic viscosity) larger than 2 x 104. This
implies that the basic flow quantity of surface shear stress 7_, is

o

directly proportional to the mean flow spead squared U? times the

fluid density p -- 7_« pU% . Thus, if p U2 = p U? for such flows,
o m m PP
T = 7 . Inturn, this condition is the necessary condition for

om op



mean turbulence statistics such as root-mean-square values and
correlation coefficients of the turbulence velocity components to be
equal for the model and the prototype flow.

In the case where the laboratory flow speeds must be reduced
to satisfy other similarity criteria (such as the thermal criteria des-
cribed in the following section), the model flow may be actually laminar.
When this happens, roughening of the model surface cannot produce the
desired similarity between inertial and viscous forces (Reynolds number
similarity of the type discussed previously). However, similarity
between inertial and viscous forces may still be closely approximated.
Basically the concept to use is that described by Abe (1) in which the
turbulent prototype fluid is approximated by a fluid of molecular
kinematic viscosity equal to an average turbulent eddy viscosity or

kinematic turbulent exchange coefficient K Then, a comparison of

M

the Reynolds numbers R and (Rp) e

U H U H
m m ;
respectively,
V'm
may be made for estimating the degree of dynamic similarity. The

ratio of these two Reynolds numbers

Rm - Um Hm (KM)p

(Rp)turb Up Hp V'm

can be estimated by selecting typical values for the speed ratio Um/Up i

the scale ratio Hm/Hp (1:12, 000 in this study), and the diffusivity ratio



(Km)p/vm . Considering a velocity ratio of unity, a turbulent exchange

coefficient of 2.3 x 103 cm?/sec* and a kinematic viscosity for air of
-1

2.3x 10 " cm?/sec, a very favorable value for the Reynolds number

ratio is obtained:

an 1 4

(Rp)turb "8 1.2x104 ozt

The photographs of smoke -flow patterns (Figs. 10-37) show that
flow conditions over the laboratory model were essentially laminar near
the surface; however, flow downstream of the sharp ridges above the
surface appears to be turbulent. This means that the type of Reynolds
number similarity proposed in the preceding paragraph should be valid
over a large part of the model. One should keep in mind, however,
that (Km)p is not really a constant; it varies both with height and
location over the region, so that the Reynolds number ratio calculated
is atrv)1 average value having a representative order of magnitude.

In the upper region downstream from the ridges, similarity of
flow is also expected on the basis of arguments presented in the second
paragraph of this section. The argument need only be extended to ‘
include the invariance of flow with Reynolds number downstream from
"sharp-edged'" objects. To improve the similarity for this part of the
flow, sand with a particle size range of 0. 006 - 0. 012 in. was cemented

to the model surface. This selection of sand size was made on the basis

*Pasquill, F., Atmospheric Diffusion, D. van Nostrand Company Ltd.,
1962, p. 72.



10

of geometric similarity for ridge features such as brush, trees and

boulders which were estimated to have a mean height of 6 ft. Ac-

6 x 12

cordingly, 1—2-666—

gives a sand size of about 0. 006 in.

C. Thermal Similarity

In the context of this study,vertical temperature gradients and
the associated vertical density stratifications are of prime importance
in determining the flow characteristics around various topographical
features. If the modifications of vertical motion by atmospheric
inversion are to be similar for the laboratory and the prototype flows,
a criterion must be selected to insure adequate temperature variation
over the wind-tunnel model. Several parameters could have been
chosen, such as a Froude number or the Obukhov stability length;
however, a Richardson number, as discussed by Sutton (9), was
chosen because of its wide usage by meteorologists and because of its
ease of evaluation as a bulk parameter.

The Richardson Ri number expressed as a local parameter is

defined by
(52
_ g 0z
Ri 5 952
0z

When a bulk Richardson number is desired to describe the thermal

influence over a layer of thickness Az , the following form is



11

convenient:

For the purpose of obtaining an estimate of Richardson number
variation at Point Arguello at different heights, use was made of
rawinsonde data taken over the 18 month period from July 1959 to
December 1960. Richardson numbers were computed from monthly
averaged profiles of temperature and wind speed taken at 500 ft layers
from 500 to 5,000 ft and at 1, 000 ft layers from 5, 000 to 10,000 ft. The
distributions of Richardson number obtained are shown in Fig. 2. The
important observation to be made is, of course, that the atmosphere
is nearly always stably stratified.

A typical calculation of the bulk Richérdson number for the
wind-tunnel flow is shown in Fig. 3. In this calculation, the layer over
which Ri is calculated corresponds to the actual boundary-layer thick-
ness1 for the flow.

Because the main interest in this study is in flow near the
earth's surface, a bulk Richardson number for the layer 0 - 1, 000 ft
is of importance in comparing the effects of thermal stratification in
the laboratory and prototype flows. Prototype data for 30 January 1964,

were taken from Ref. 8 (pp. 17 and 22) to obtain a typical prototype

Richardson number. The numerical evaluation gives the following
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values for Ri (near station 1 mi):

9.81 (3)
287 (10)2

(Ri) 305 = 0.31.

P

If thermal similarity is to exist for the model flow, a

Richardson number (Ri)l_n for the corresponding layer should also be
approximately equal to 0. 31. Typical values over a 1 in.-thick layer
for an ambient flow speed of 5 ft/sec and an overall temperature
difference of 103°F (the maximum attainable at this speed) yield the
following values for (Ri)m

3.2 75 1

m - 500 (L9 1z - O-18.

(Ri)

Although this value is about one-half that for the reference prototype
flow, no major difference in model and prototype flow patterns was
anticipated.
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IV. CHARACTERISTICS OF THE MODEL FLOW AND
COMPARISON WITH THE PROTOTYPE FLOW

Having established that geometrical, dynamic and thermal
similarity could be attained to a reasonable degree for a laminar flow
in the model, a program of measuring and visualizing flows over the
model was undertaken. Since inversion flows were of primary
interest, the laboratory study was confined primarily to low -speed
flow (5 ft/sec) with a maximum attainable temperature difference
(the wind-tunnel floor waé 10’30 F cooler than the ambient air). Flow
patterns Tfor_‘ the s:tébie s‘tratifica’_tion‘weré well documented in the cases

of flow approaching from an azimuth of 315° and from 340°. These two

Eifreétiéns;.wéi;e selecte;ig(;ca;use they repfesent fhé most common
ﬁbw d:iArefc»ﬁéns for :ché prototype fioW. Flow -dat‘a rnfor several different
directions (305°, 315%and 325°) with no thermal stratification were
obtained to determine flow-pattern differences for neutral and inversion

flows.

A. Boundary-Layer Characteristics Upwind from the Model

One of the first objectives of this study was to determine the
nature of the boundary-layer flow approaching the model. The bulk
Richardson number based on the thermal boundary layer gave an

indication of the overall stability of the flow. As shown in Fig. 3, this



14

Richardson number for the inversion flow in the wind tum}el was
approximately Ri = 0. 34. For the lower 1, 000-ft layer, the bulk
Richardson number for the same flow was 0. 18.
Qj}rde”rtailed”description of typical neutral and inversion velocity
profiles is given by Fig. 4. In this figure, velocity profiles measured
with a hot-wire anemometer are shown for both neutral and inversion
flows with the ambient velocity near 5 ft/sec. Both profiles follow a

power-law distribution of the form

ugs i/t
vahgre u is the yelocity and z is the height above the floor. A power-
law velocity distributioﬁ with this exponent is characteristic of low
Reynolds number or nearly laminar boundary-layer flows. It can be
ngfed from Fig. 4 that there is considerable scatter in data. These
yariations are the result of difficulty involved in measuring velocities
in the low range necessary to establish a stabilized flow. For examrple,
data were reproducible at a point in a single day to within about 20
percent for velocities below 2 ft/sec and to within about 10 percent for
velocities above 2 ft/éec. Daily variations ranged up to 50 percent for
low velocities and 20 percent for the higher velocity range. Because

of these measurement difficulties, the flow speed was not reduced

below 5 ft/sec in order to realize a larger value of the Richardson

number.
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A typical mean temperature profile is shown in Fig. 5. This
profile depicts an inversion flow with an ambient velocity of 5 ft/sec.
As can be seen, variations in temperature profiles were much smaller
than for the velocity profiles. In a given day, temperature data were
reproducible to within 1 - 2° F. Indeed, temperature profiles for the

approach flow appear to follow a power-law distribution.

B. Temperature and Velocity Fields Over the Model

In order to compare wind-tunnel and field data better, twenty
velocity and temperature profiles were taken along the lines shown in
Fig. 6 at points 1 through 20. Figure 6 was used to show a comparison
of wind-tunnel and field data. The data cross-section lines are ident:i-
cal to those indicated in Ref. 8. The ambient velocity approached the
model along the 340° azimuth which almost paralleled the principal
data line. Reduction of data was performed to provide a ready com-
pariéon with the field data.

Lines of constant temperature are shown in Figs. 7 and 8. The
constant temperature lines do not reflect the pronounced wave pattern
seen in the lee of the ridge as was demonstrated by the field data
(8, Fig. 5). Instead, a definite downward convergence of constant-
temperature lines is apparent on the lee slope. The assumption that
equi-temperature lines approximate flow lines may be accepted up to

the highest point on the ridge. However, on the lee side, the flow
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observed with smoke patterns was found to be so turbulent that no
steady stfeam lines existed. The smoke dispersed so rapidly in the
turbulent structure of the flow that photographs of the smoke patterns
in:the region on the lee slope were virtually impossible to obtain.
Considerable mixing of the air in the lee of the ridge is apparent in the
cpnstant-temperature lines (Fig. 7) which are almost parallel to the
floor for a considerable distance downstream and almost equally
s.pacéd in the vertical direction. The mixing was great enough im-
mediately downwind from the ridge to melt the thin coating of ice which
hald formed everywhere on the 25° F floor. Figure 26 shows this
rge}ted region which indicates a strong downward convergence of air
very ‘clovs_e to th‘e lee slope.

Lines of constant speed are shown in Figs. 9 and 10. The
d‘iagram of equal speed lines in Fig. 9 shows the rapid changes in the
velocity field caused by the terrain features. It can be seen from
Fig. 10 that the model causes an immediate change in the velocity
field for the flow passing from the flat-plate approach flow to the flow
over the model.

The changes of temperature and velocity along lines of constant
elevation are shown in Figs. 11 and 12. The changes in temperature are
seen to be inversely affected by the shape of the terrain. Furthermore,
Fig. 11 shows that the surface temperature of the model itself was well

above the 25° F temperature of the floor on which the model was

resting. This temperature difference may aid in the establishment of
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flow similarity since ground surface temperatures in the prototype
would be expected to be somewhat higher than sea-surface temperatures.
As expected, acceleration charted in Fig. 12 occurs on the upslopes
where the flow is converging, while deceleration occurs on the down-
slopes where the flow is diverging. It is interesting to note, however,
thatran acceleration occurs just before the flow crosses offshore on

the lee side and that this acceleration ends at all elevations just as the
shoreline is reached. This region of acceleration may be caused by
flow sweeping around the point in the pattern shown for observed smoke
traces in Fig. 38.

A comparison of model and prototype temperature profiles was
made in an attempt to establish at least some quantitative measure of
similarity. Field data used in this comparison came from Smith,
et al. (8, pp. 15-19). Figures 13 and 14 show two typical sets of
field temperature profiles measured from the diagrams of potential
temperature in Ref. 8. In these diagrams, 2z represents elevation
above the surface, § represents boundary-layer thickness, Ta
represents the potential temperature at elevation =z , Tw represents
surface temperature and Tcn represents the potential temperature of
the ambient flow. Values of § , Tw and Too were not given
explicitly by Smith but were estimated for this study from the diagrams.

The same value of § (4, 000 ft) was used for all field profiles.
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" ~ Figure 13 shows profiles for four sets of field data at a point
corresponding to the location of the model-data-point number 16.
Figure 14 shows profiles for four sets of field data at a point cor-
responding to the location of the model-data-point number 1. These
figures, one upstream from Honda ridge and one downstream, show a
basic similarity in the thermal structure for the prototype cases
presented. Therefore, if the model data are compared to one set of
fjeld data, the comparison should be valid for the other cases. Also,
if the prototype cases are typical of average field conditions, then the
qo{nparison of the model with one set of prototype data is a valid com-
parison under average prototype conditions.

Figures 15 and 16 compare wind-tunnel data with one set of
f;leld data for model-data-point numbers 1, 6, 10 and 16. Examination
qf the figures shows that even though there is not a quantitative agree-
ment in the sense that the curves fall on top of each other, there is a
simii}arity in the curve shapes and in the relative position of the curves
for the different stations. This indicates that, as the flow crosses the
terrain, the temperature field undergoes similar changes with both
”mqqel and prototype. These similar changes indicate a similarity '

in flow patterns between model and prototype.

C. Flow Patterns Over the Model

Two types of flow visualization techniques were used to obtain

flow patterns. Photographs of surface flow directions using the
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indicator paint on the model gave an indication of local flow directions
at the surface. For example, Figs. 17 and 18 show typical examples
of these flow patterns. Streaks such as those in Fig. 17 were pro-
duced by one release of ammonia at the upstream end of each streak.
Patterns such as those in Fig. 18 were produced by a series of indi-
vidual streaks placed head to tail in a downstream progression.
Ambient flow for both figures is from top to bottom.

The best graphic description of the flow pattern above the
surface was obtained by photographing smoke over the model. Figures
19 through 26 show smoke traces for an ambient flow direction of
340°, ambient velocity of 5 ft/sec and temperature difference of
115° F. Figures 27 through 37 show smoke traces for an ambient flow
direction of 315°, ambient velocity of 5 ft/sec and temperature dif-
ference of 115° F. The photographs reveal a highly complex flow with
interesting secondary flows produced by the ridge and valley system.
Mean flow patterns were deduced from these photographs and dominant
features were represented in graphic form on the topographic map.

Figures 38 and 39 show the basic flow patterns established
with photographs of smoke and indicator paint streaks. The solid
portions of the arrows indicate flow in which smoke released near the
ground tended to stay close to the surface. The dotted portion of the
arrows indicates where the flow -- once at the surface -- had separated
and was somewhat above the surface. In general, for both flow direc-

tions, the smoke remained attached to the surface until the flow passed
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over-Honda Ridge, separated at the ridge line, and became turbulent
downstream from the ridge. One notable exception is the flow with a
340% ambient wind direction. In this case, the flow separated just before
reaching Honda Canyon, passed over Honda Canyon, almost reattached
‘on Honda Ridge, and separated in the lee of the ridge. In this particular
case, flow occurred up Honda Canyon perpendicular to the main flow and
below it. This effect can be noted in Figs. 19 and 26.
A second general observation was that, in a region east of Honda
Ridge, the smoke tended to follow the course of the valleys. This effect
is seen graphically in Fig. 39 and can also be noted in many of the other
photographs. During testing it was noted that an air current ran parallel
tothe coast following the coast line south and curving east around the
~point toward the U. S. Naval Boathouse area. A small portion of this
stream separated from the main stream and followed a course up Honda
Canyon. This effect, in addition to the previously noted strong down-
ward convergence along the lee slope, could cause high concentrations
of material released to the north of Honda Canyon in the boathouse.
Figure 40 shows the model flow patterns for neutral flow with
315% ambient flow direction. This flow differed from the inversion case
in two significant factors. The flow did not tend to follow the terrain
features as closely as did the inversion flow but followed a straighter
course across the model. In addition, the flow did not tend to stay as

near the surface or down in the valleys as did the inversion flow.



21

D. Diffusion Measurements

One set of tracer concentration measurements was made to
determine the degree of similarity between diffusion in the laminar
model flow and the corresponding turbulent prototype flow. Helium
was used as a tracer for the model flow and was released from a
point source in Hondo Canyon corresponding to a flourescent particle
release_pqint used in the field study as described in Ref. 8. In this
case, the trajectory of the helium tracer and the flourescent particles
were quite similar as can be observed in Fig. 32.

‘ ’i‘he helium used for the tracer gas was not pure but was mixed
with a;irr>(90%, air, 109 helium) to minimize buoyancy of the tracer.
Cronce_nt-ration of the helium in the downwind plumes was measured at
grognd level along a line normal to the axis of the plume. Sampling
points for these measurements are shown in Fig. 44. Mean concen-
trati[‘on for the continuous point source was determined by means of a
"Vee;co" leak detector (model MS-9). A sample of the helium-air
mixture was withdrawn from the flow by applying negative pressure to
a hypodermic needle placed at the sampling point which was connected
to a vacuum pump by means of plastic tubing. Figures 45-49 show how
the concentrations varied across each cross section where measure-

ments were made. From these data, a maximum concentration for a

particular cross section can be determined.
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~ ~ -A comparison of the relative rates of concentration decay with

distance downwind from the model and the prototype scurces is provided
by the data shown in Fig. 50. The ordinate scales are arbitrarily |
matched for the model and the prototype data so that the data points are
cﬁéseiy grouped. Of major interest are the slopes described by the
data points. Although the prototype data show considerable scatter, the
rateé of decay appear fo be essentially the same for the 1abofatory and
fiéld diffusion. Thisagreement isbetter than was anticipated since the
1_ab‘oraforyr flow was laminar while the fieid flow was turbulent -- how-
évér, both were stably stratified to approximately the sarne degree.

An atter_np?:toexplam the agreement of the concentration decay rates
under these conditibns of flow is made in the following paragraphs.

In cases where the surface over which the flow occurs is
i:r;r:egmar, composed of hills and valleys, dispersion of a passive
édditive to the atmosphere may be controlled primarily by strong
spatial variation in convective transport by the mean motion.
Esﬁeéially in flows with strong stable thermal stratification is this
mode of dispersion expected to be dominant. The significance of this
bossibility may be recognized most readily by examining the turbulent
diffusion equation

—_— — =

BC | = 8C 9 oC —
ot i ox. ox. "
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When the mean flow is steady, a convectively dominated transport

system would then be described by

= 98C

YUim T 0
i

Accordingly, the non-dimensional form for this conservation of mass

statement is merely

This implies, since no coefficients involving the scaling factors enter

the equation, the only conditions necessary for similarity of the concen-

trétion field is that of geometrical similarity and mean velocity
similarity in the vertical and, more importantly for rough terrain, in
fhe hbrizontal which must be attained by meeting the conditions for
-dynémic similarity. Much work remains to establish the extent to
:whic.:h the foregoing arguments can be exploited for practical applica -
tions. The only known study of this nature is the exploratory work on
simulation of mean winds and diffusion reporied herein.

Although the type of similarity considered in this section appears
to be based on radical simplifications, the results shown in Fig. 50
are sufficiently significant to warrant further research on this modeling

concept. Satisfactory modeling techniques of this nature have great

potential for the study of practical dispersion problems.
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V. CONCLUSIONS

As a result of the experimental work completed in the
meteorological wind tunnel and the comparisons of these data with
prototype data, the following conclusions can be made:

1. Tﬁe fneteorological wind tunnel is capable of producing
inversion flows of sufficient intensity to model the inversion flows in
the vicinity of Point Arguello and other coastal regions.

- 2. Comparison of wind-tunnel and prototype temperature data
estabiished at least a qualitative similarity in the structure of the model
éhd pfototype temperature field over the Point Arguello area.

3. Comparison of surface-flow directions and smoke traces for
r;eufral and inversion flows established that excellent similarity exists
in wind-flow patterns yover the Point Arguello area and its model for
inversion flows approaching from the northwest. Hence, use of a
1a>minarr' laSorétory flow to simulate a turbulent field flow over rough
terrain unaer stable stratification is a modeling technique which appears
to have considerable practical application. |

4. When dispersion is dominated by convection due to ‘highly
non-uniform mean velocity fields, such as stably stratified flow over

complex terrain, the laminar flow model can be used to predict rates

of concentration decay downwind from steady continuous sources.
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PERCENT OF CASES

Richardson Numbers were computed on 500 ft. layers from 500 to 5000 ft. and on

1,000 ft layers from 5000 to 10,000 ft. for 18 monthly averages.
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Fig 2 Distribution of Richardson numbers for Point Arguello, California
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Fig. 17 Single release ammonia trace data
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Fig. 18 Multiple release ammonia trace data
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19 Smoke flow patterns for 340° ambient flow direction

Fig.
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Fig. 21 Smoke flow patterns for 340°

ambient flow direction
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Fig. 22 Smoke flow patterns for 340° ambient flow direction
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Fig. 23 Smoke flow patterns for 340° ambient flow direction
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Fig. 25 Smoke flow patterns for 340° ambient flow direction
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Fig. 30 Smoke flow patterns for 315° ambient flow direction
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Iig. 31 Smoke flow patterns for 315° ambient flow direction
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Fig. 35 Smoke flow patterns for 315% ambient flow direction
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Fig. 36 Smoke flow patterns for 315° ambient flow direction
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Fig. 48 Ground-level concentration distributions normal to plume axis
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