Sqoe
Aok <o,

Reprinted from JournaL or Forestry, Volume 54, Number 2, February 1956

The Spacing Interval for Supplemental

Shelterbelts'

SHELTERBELTS, walls, snow fences,
strips of crops, and other ob-
stacles placed in the path of
wind are known generally as sur-
face barriers. The basic definition
usually given for this term states
that a surface barrier is any ob-
stacle placed in the path of the
wind in such a manner that it
causes an upward diversion of the
air current. This diversion is ac-
companied by a drag on the wind
at approximately the same height
as the obstacle. These combined
effects lessen the drag on the origi-
nal ground surface, lower the pre-
vailing surface velocity, and create
a pool of relatively calm air within
the zone of influence of the ob-
stacle. This zone of influence is
limited, of course, and usually does
not extend to distances greater
than 20 or 30 times the height of a
given barrier. Since the require-
ments for protection usually far
exceed this limited influence, it be-
comes necessary to extend the in-
fluence. In the case of shelterbelts
this can be accomplished by creat-
ing a continuity of properly ori-
ented supporting or supplemental
belts, This study is concerned
primarily with obtaining informa-
tion relative to the spacing of the
so-called properly oriented con-
tinuity of belts.

There are several aspects to the
problem of determining the hest
spacing interval for a system of
shelterbelts. The principal reason
for planting any shelterbelt is to
reduce wind velocities. The amount
and type of reduetion needed, how-
ever, depend upon the object or
objects to be proteeted and the
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purpose of the protection, i.e., is
the reduetion in wind desired for
the comfort of people or livestock,
reduction in home heating loads,
control of drifting snow, or for
minimizing soil movement by wind.

Limiting the investigations to
only one of these purposes, how-
ever, does not completely solve the
dilemmma. For example, determina-
tion of the best spacing to control
erosion of soil must be concerned
also with the suseeptibility to ero-
sion of the soil that is to be pro-
teeted.  This varies considerably
and it is difficult to preseribe a gen-
eral formula for veloeity redwnetion
required to stop erosion hecanse of
factors affeeting the vulnerability
of the soils. Dryness, texture,
roughness, and many other factors
are involved. The economic aspeet
is another factor that must be con-
sidered, i.e., what proportion of the
cropland can be economically de-
voted to trees to afford protection
for the remaining land. Bates (1)
has indicated that in the corn belt,
5 pereent of the area could he de-
voted to belts hecause of the direct
benefits to crops and animals. The
percentage of area, of course, varies
with different erops, elimatie condi-
tions, and the intensity of agricul-
ture practiced in a partieular re-
gion. For example Chepil (2) has
reported that in the sandy lands of
China, single rows of willow helts
averaging 12 feet in height are
planted every 50 or 60 feet. ITere,
where an intensive type of agricul-
ture is practiced this close spacing
is neeessary and cconomical, Tt
might not apply, however, on large
areas such as western Kansas where
elimatie conditions and economie
ratios would not he favorable,

This particular study does not
and could not deal with all the
above mentioned aspects of the
problem. The objeet of the study
is to obtain qualitative informa-
tion on the meehanieal reduction
of wind velocity., Previous studies
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(3, 4, 5) have shown that one of
the best ways to obtain data on
relative results is with a wind tun-
nel wherein many of the variables
can be controlled for sufficient time
to make detailed studies. The re-
liability of results obtained with
the tunnel has heen tested in previ-
ous study (6) which showed rather
good agreement between model
and prototype, provided the models
are placed in a tunnel having a
turbulent boundary layer of suffi-
cient depth to be similar to atmos-
pherie conditions,

Methods of Study and Procedures

The following variations and
combinations of prineipal and sup-
plemental shelterbelts were tested :

7-row prineipal belt with 3-row sup-
plementals

7-row principal belt with %row sop-
plementaly

7-row prineipal belt with 1-row sup-
plementals

3-row prineipal belt with 1-row sup-
plementals

1-row principal belt with l.-row sup
plementals

The model shelterbelts nsed in
the experiments were fabricated
from eedar houghs and green
lichen placed in short lengths of
aluminum tubing. One 7-row prin.
cipal belt, three 3-row supplemen-
tals, two 2-row supplementals, and

three I-row supplementals were
construeted by  orienting  the

“trees” and ““shrubs’ in a seriey

of holes drilled in plywood bases.
The seale used for the models was
1 inch equals 5 feet, Thus, in terms
of the prototype eondition, the low-
est or windward shrub in a 7-row
helt would be 7.5 feot and the tall-
est tree placed as the fifth row
windward would he 30 feet, The
second, third, fourth, and sixth
tree rows would be 15, 20, 25, and
17.5 feet, respeetively, in prototype
conditions, The seventh row was a
shrub row corresponding to 10 feet
high. The green lichen was used
for the shrubs. The 3-row supple-
mentals consisted of one shrub row
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F1g. 1.—One-row, 2-row, and 3-row supplemental belts, and 7-row prinecipal belt
tollowed by two l-row supplemental belts as they were oriented in tunnel (upper
left, upper right, lower left, and lower right, respeetively).

and two rows of tall trees. The
2-row supplementals consisted of
two rows of tall trees with a row
of shrubs placed in the leeward
row of trees. The single-row sup-
plementals consisted of a combina-
tion of one row of tall trees and
shrubs. Spacing between the rows
of shrubs and trees was 2 inches on
the model, corresponding to 10
feet for fleld conditions. Spacing
within the rows of trees was also
2 inches or 10 feet. Spacing be-
tween shrubs in shrub rows was 1
inch or 5 feet. Where combinations
of shrubs and trees were used in
one row, the spacing for the trees
was 2 inches with two shrubs he-
tween each tree giving a spacing of
approximately 0.67 inch or 3.5 feet

in prototype eondition. Figure 1
shows views of the various models
as they were oriented in the wind
tunnel.

The studies of the effect of dif-
ferent spacing intervals on velocity
reduetions for the various belts
were carried out in a laboratory
wind tunnel deseribed previously
(7). The working section for these
particular experiments consisted
of a 16-foot horizontal length he-
ginning 40 feet downwind from the
blower. The top of the tunnel for
this seetion was construeted to fa-
cilitate horizontal movement of a
staff of Pitot tubes through the
entire 16-foot length.  The floor
consisted of sieved gravel 2.0-6.4
mm. thus assuring development of
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Jessoatio T and the veloeity ratio

I,

- =, where

0

z = elevation above surface at
which veloeity is measured.

IT = height of tallest tree in belt
(6 inches in the model or 30
feet in actual belt).

['y = veloeity aft of belt.

U, = velocity in open or clear tun-

nel.
Percentage reductions in velocity

U
are equal to 100 (1 —-—iffm). Verti-
4
cal and horizontal distance on the
profile maps is shown in terms of
belt heiehts I1.

Results

As a prerequisite to evaluating
and comparing the effectiveness of
the different combinations of shel-
terbelts it was necessary to estab-
lish arbiteary levels of velocity re-
duction. Tevels of 50 and 75 per-
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cent were chosen, While these are
only arbitrary levels, one or the
other should be appropriate for
most wind velocity reduetion prob-
lems,

In running the tunnel tests each
combination of belts was first tested
with the supplemental belt placed
at spacing intervals of approxi-
mately 12, 18 and 24 1. Profile
maps were drawn from the data
obtained in these tests, Areas be-
tween the principal and the first
supplemental belt and under the
2 and 75 percent redunetion con-
tours  were  determined  with a
planimeter. These areas were used
as indexes of cffectiveness and
plotted versus the spacing inter-
val.  An approximate curve was
then drawn and an equation de-
termined for all cases where a de-
finable trend in the data was indi-
eated. Tn this respect it was found
that the 3 points were sufficient to
draw the curve and determine the
equation in all cases except the 75
percent rednetion level for the 7.
row principal plus 2-row supple-
mental and the 50 pereent redue-
tion level for the 1.row principal
pluas T-row supplemental. ITere it
Was necessary to resort to trial and
error methods for establishing the
locations. A fter determining  the
approximate equations, the eritieal
maximum points on the eurves
were located by methods of cal-
eulns wherein the first derivatives
of the funections were set equal to
zero and the resulting equations
were solved for real roots. These
points in combination with the in-
formation shown on the contour
maps were nsed to determine the
approximate spacing interval to
maintain either a 50 or 75 percent
reduction between belts. The final
location was choeked by veloeity
probings with the Pitot tubes, The
spacing interval for the second
supplemental was located also by
veloeity prohings with the Pitot
tubes.  Complete traverses were
run for levels of 50 and 75 percent
reduction and were considered 1o
be the “‘best”” spacing for a par-
ticular system of belts. Areas un-

er these eurves also were obtained

nd used to establish the final spac-

“ing-effectiveness curve shown in
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Fia. 2. —Percentage reduction in velocity obtained in vieinity of a

7-row principal

belt with a L-row supplemental helt placed at 12-, 18- and 24.11 spacing intervals,

Lower two fignres show ¢‘hest?’ spacing interval for

75 and 50 pereent reduetions

in velocity, Spacing effectiveness curves are shown in upper right corner,

the upper right corner of the fig-
ures which follow.,

-row principal belt with 1-row
supplemental —Figure 2 shows the
data obtained on the T-row prinei-
pal and 1-row supplen:ental com-
bination of helts. Tt is noted that
at Teast a 30 percent reduction in
velocity is maintained from tree
top to eround level for the 12 I
spacing. The Tevel of this redue-
tion beains to drop. however, for
the 18 IT spacing and finallv strikes
the ground at approxivately 18 i
with 24 IT spacing.

The approximate equation. de-
vivative, and eritical maximum for
the spacing-effectiveness curves
based on the 12, 18, and 24 JT spac-
ing was:

50 percent reduction curre
T == 478 4 0.21 & — 0.0002 (0.9 &
¥ =021 — 010078 0308
eritical maximum = 20.1

75 percent reduction curve
=514 — 0138 — 908 ¢—053 5
y=111 ¢85 _ 013

eritical maximum = 12.8

where 8§ = spacing interval in tree
heivhts IT and I = cffectiveness in-
dexc and » = the first derivative
of the equation for I,

The  final spacing-effectiveness
eurves  (upper right of fizure)
show a maxinum spacing interval
of 19 IT for a 50 percent reduction
i velocity and 13 I for 75 pereent
reduction.  Maximum indexes at
these spacings are 8.8 and 3.2 for
A and 75 pereent reduction, re-
spectively. Tnereased spacing from
these values show a deerease jn ef.
fectiveness. The spacing required
fo maintain a 50 percent reduction
between the prineipal and first sup-
plemental belt s approximately
146 times greater than that re.
quired for a 75 percent reduetion.
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The spacing between the principal
and first supplemental belt is 1.74 ,
times greater than the spacing be- j
tween the first and second supple- .
mental for a 50 percent reduction,
and 2.2 times greater for a 75 per-
cent reduction,
R T It also should be noted that this
e e e combination of belts maintains at
least a 25 pereent reduction in
veloeity for the longest, or 24 H,
spacing tested.
7-row principal belt with 2-row
supplemental—Tignre 3  shows
data obtained on the T-row prinei-
pal and 2-row supplemental com-
binations of belts. The general
shape of the reduction contours is
nearly the same as the 7-row plus
1-row combination deseribed above.
The approximate equation, de-
T rivative, and critical maximum for

224 & 141 SPACING I .
the spacing-effectiveness  eurves
based on 11.7, 17.7, and 243 I
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[ 2 sMows : IV N a 50 pereent rednetion to be at 22
. e N JT with an index of 9.5, which is

/

higher than the 7- plus 1-row com-
hination. Best 75 percent redue-
tion ocenrs with a spacing of 14 IT
L L 77 4 and an index of 3.7. The spacing
SeACINE ITENMAL AL MEIOATS required to maintain a B0 pereent
reduetion hetween the first two
helts is approximately 1.57 times
areater than that required for a
75 percent rednetion. The spacing
i between the principal and first sup-
plemental helt is approximately 1.6
times ereater than the spacing be-
tween the first and second supple-
nientals for a 50 percent reduetion
and 2.0 times greater for a 75 per-
eent. reduction,
This combination of helts alco
shows at least a 25 pereent redue-
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tion in veloeity for the longest, or
24.3 H, spacing tested.

7-row principal belt wilh 3-row
supplemental, —- Figure 4 shows
data obtained on the T-row prinei-
pal and 3-row supplemental com-
binations of belts. The general
shape of velocity contours and of
the spacing effectiveness curves is
very nearly the same as the 7- plus
1-row combination.

The approximate cquation, de-
rivative, and critical maximum for
the spacing-effectiveness  curves
based on 12, 18, and 24 H spacing
was:

50 percent reduction curve
I =280 4 0.38 8

— 0.0000128¢%53 §

y = 0.38 — 0.0000068 ¢°53 8
critical maximum = 20.6

75 percent reduction curie
I =403~ 00568 — 220 ¢~ 58
y =130 ¢=05 5 _ 0,056
eritical maximum = 13.1

The final eurve (upper right
corner) indicates the best spacing
for a 50 percent reduction in ve-
locity is 20 IT with an index of 9.8,

_slightly higher than 7- plus 2- and

7- plus l-row comhinations. Best
spacing for 75 percent reduction
is 13.5 IT with an index of 3.2. The
spacing required to maintain a 50
percent reduetion between the
principal and first supplemental
belts is approximately 1.48 times
greater than that required for a 75
percent reduction. The spacing be-
tween the principal and first sup-
plemental belt is approximately 1.7
times greafer than the spacing be-
tween the first and second supple-
mentals for a 50 pereent reduetion
and 2.2 times greater for a 75 per-
cent reduction.

Tt will be noted in connection
with this combination that it was
not possible to maintain a 75 per-
cent reduction throughout the en-
tire distance between the first and
second supplemental belt. Appar-
ently, the location and porosity of
the 3-row supplemental was such
that leakage of air through the
first supplemental permitted only
50 to 70 percent reduction immedi-
ately aft of the belt.

3-row principal with 1-row sup-
plemental —Figure 5 shows data
obtained on the 3-row principal
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Fia. 5.—TPereentage reduction in veloeity obtained in vieinity of a 3-row prineipal
belt with a T-row supplecental belt placed at 11-, 17.6-, and 24-T1 spacing intervals.
Lower figure shows ‘‘hest’’ gpacing for a 40 pereent reduction in veloeity., Spacing-
cffectivencss curves are shown in upper right corner.

and 1-row supplemental combina-
tion of belts. The 3-row principal
belt was not so effective as the 7-
row belt. This belt did not pro-
vide a uniform 50 pereent redue-
tion between itself and the first
supplemental helt. It was also
impossible to obtain a continuous
75 percent reduction in velocity
with this combination. A 40 per-
cent veloeity reduction was used,
therefore, as the criterion of spaec-
ing.

The approximate equation, de-
rivative, and eritical maximum for
the spacing-effectiveness ecurve
based on 11, 17.6, and 24 IT spacing

was:
40 pereent reduction curve

I =058 — 0058 — 278 ¢—0.025 8

Yy =174 ¢=08258 __ 0,05

eritical maximum = 13.0

The final spacing effectiveness
curves (upper right corner) indi-
eate that the best spacing to main-
tain a 40 pereent reduction is
about 12 II. The cffectiveness in-
dex associated with this spacing is
5.2. Both this index and the spac-
ing interval are considerably be-
low the values obtained with the
7-row principal belt.

While this 3-row principal did
not produce a continuous 50 per-
cent reduction between the first
two belts, it did reduce the wind
sufficiently to maintain a 50 per-
cent reduction between the first
and second supplemental at a 12 H
spacing,

Single-row principal with 1-row
supplemental. — Figure 6 shows
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data obtained on the ‘‘narrow’
single-row plantings. Velocity pat-
terns immediately to the leeward of
the principal belt are similar to
those obtained with the 3-row prin-
¢ipal. The jetting of air through
the narrow, porous belts caused
rather low veloeity reduetions im-
mediately to the leeward. This
combination of belts was, however,
more effeetive than the 3-row prin-
cipal because it was possible to
maintain a continuous 50 percent
reduction between the belts.

The spacing-effectiveness curves,
as determined by trial and error
methods, show the best spacing to
be ahout 17 H with an index value
of 46. A 75 perecent reduetion
curve is also shown, but zones hav-
ing this much reduction in velocity
were relatively small pools immedi-
ately aft of the first belt and did
not reach the ground level at any
location between the belts. The best
spacing between the first and see-
ond supplemental is 13 H, or about
25 percent less than the spacing be-
tween the principal and first sup-
plemental.

Discussion and Conclusions

Evaluation and comparison of
the effectiveness of the different
systems of belts tested in the ex-
periment can best he made in terms
that consider both the level of ve-
locity reduction and the type of
protection afforded by a given sys-
tem of belts. The spacing-effective-
ness curves shown on the figures
were of considerable value in de-
termining the spacing interval;
however, they do not provide suffi-
cient information to give a true
evalnation of the merits of a given
belt system. A better method is one
that considers the desired level of
veloeity reduetion, the location and
the net sise and extent of the pro.
tected area. The level of velocity
reduction previously has been
chosen as 50 or 75 percent in this
study. The size of the protected
areas can be evaluated, therefore,
in relative terms by determining
the areas on the profile maps be-
tween belts and under the 50 or 75
percent reduction curves. The ex-
tent of protection can be deter-
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niined in terms of the net dis-
tances? along the ground between

belts having at least 50 or 75 per-

cent reduetions in veloeity.

Table 1 summarizes the infor-
mation obtained on all the shelter-
helt combinations tested. The data
is presented in terms of ‘‘best”
spacing intervals, areas of protec-
tion, and extent of protection,

Table 1 indicates that a 50 per-
cent reduetion is obtained for 77.4
pereent of the total area between
the 7-row principal and two 1-row
supplemientals. This arca is ap-
proximately 8 percent greater than
the mnext best combination and
albont 44 perecent greater than the
poorest combination, the 3-row
principal with l-vow supplemen-
tuls. The T-row plus I-row also
has 46.9 pereent of the area with
a reduction of at least 75 pereent
or 2.7 pereent more than the 7-row
with 2-row supplementals, The 7-
row  plus Trow howevoer,
ave shichtly smaller In actual sjze
than the 7-row plus 2-row areas.
(Cols. 6oand Q) Sinee the spacing

areas,

inferval is shorter for the 7- plus
T-row, this indieates that the 50
pereent veloeity reductions extend
to ereater heights above the ground
for this combination than the 7-
plus 2-row. Chotees hetween these
two belts would depend. therefore,
o whether surface proteetion or
protection to some height above the
ground was desired. Other belts
would be ranked in the order in
which they are listed in the table.
. In terms of “‘best’’ spacing in-
terval and extent of protection,
the system of belts consisting of a
7-row principal with 2-row supple-
mentals gives a spacing interval of
22- and 14-71 and 14- and 7-1 for
a H0 and 75 pereent reduetion, re-
speetively,  This system  would
utilize a total length of 39.0 heights
for the best 50 pereent spacing;
34.6 heights, or 88.7 pereent of this

"Net distance is defined as the length
of protected area after deductions for
the length of ground used by the belts
and for those areas immediately to the
leeward of the belt where velocities do
not reach the desired level of reduction
heeause of the air jets.



wt

FEBRUARY 1956

length, would have at least a 50
percent reduction. Similarly, the
system would use 24 heights with
“%he best 75 percent spacing and
184 H, or 76.6 percent of this
length, would have a 75 percent re-
duction. In terms of net distance
with a 50 percent reduction, this
belt provides protection to a length
approximately 6 H longer than the
7-plus 1-row, 5 H longer than the
7- plus 3-row combination, and 12
and 25 H longer than the 1- plus 1-
row and the 3- plus 1-row combina-
tions. It also has a sligcht advan-
tage over the other belts in terms
of length having a 75 percent re-
duction. On a basis of information
given by these data, then, the 7-row
principal with 2-row supplementals
would be the best combination, fol-
lowed by the 7- plus 1-row, the 7-
plus 3-row, the 1- plus 1-row, and
the 3- plus 1-row,

The so-called ‘‘narrow’’ plant-
ines tested in this experiment were
not so effective as the wider prin-
cipal belts followed by supplemen-
tals. The 3-row principal in par-
ticular did not show up well and

~probably should not be considered
for most problems. Tt is apparent
that the rather abrupt top design
obtained when placing a shrub row
and then two rows of much taller
trees is not a good design for main-
taining substantial reductions to

the lee of the belts. It is possible,
however, that if a better arrange-
ment of trees was made within the
belts, sonte better protection counld
be obtained. The other narrow
plantings tested, the single-row
belts, were considerably better than
the 3-row belts. In terms of the
ratio of protected length to total
length utilized. the single-row sys-
tem ranked very well. The spacing
intervals for a 50 percent redue-
tion, particularly aft of the first
supplemental compared favorably
with that obtained with the wider
principal belts. A 75 percent re-
duction could not be maintained
with this system. This combination
could be used where field arrange-
ments would permit growing of
crops needing less protection be-
tween the principal and first sup-
plemental. In these cases this sys-
tem would also have considerable
appeal because of the smaller num-
ber of trees needed and the con-
sequent reduction in cost and labor
required for establishing and main-
taining the belt.

In conclusion, it appears that
the 7-row prineipal followed by a
system  of 1l-row supplementals
probably would give the greatest
proportion of protection at greater
distances above the ground level.
Possible application of this system
would be protection for tall grow-
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ing crops, orchards, homes, and
livestock. On the other hand, the
7-row principal followed by a sys-
tem of 2-row supplementals would
give the best ground protection.
Use of this system would be indi-
cated for problems concerned with
minimizing soil blowing. 'The 7-
row principal followed by a system
of 3-row supplementals would rank
third in the group tested. The
single-row system would be recom-
mended for special problems with
the reservations deseribed in the
previous paragraph. The 3-row
principal plus 1-row supplementals
would not be recommended.

The above conclusions are based
on the data obtained in this par-
ticular experiment. The study was
concerned only with the mechani-
cal reduction of wind velocity and,
therefore, ignores the silvicultural
problems associated with shelter-
helts. Suffice to say that final se-
lection of a shelterbelt system for a
particular problem can only be
made after careful consideration of
both aspects of the problem.

Summary

Wind tunnel studies were con-
ducted to obtain information on
the mechanieal reduction of wind
veloeity and a system of shelter-
belts consisting of a prineipal belt
followed by supplemental belts,

TABLE 1.—SUMMARY OF INFORMATION AND COMPARISON OF BELT COMBINATIONS TESTED. INDICATED 50 AND 75 PERCENT REDUC-
TIONS ARE TrOSE OBTAINED WITH ‘‘BPST’’ 50 AND ‘‘BEST’’ 75 PERCENT SPACINGS, RESPECTIVOLY

‘¢‘Best’’ spacing
interval between

Net-distance protected

Belt Prin. and 1st and Area between belts Total distance  Distance used and percentage of total
combination  1st supp. 2nd supp. with reduction of in system® by tree rows® with reduetion of
50% 75% 50% 75% 50% 75% 50% 75% 50% 75%
)il o H 1 % % H " H H % H %
7-row prin.
plus two 19 13 1 6 250 774 10.0 46.9 32.3  21.3 3.0 28.3 87.6 163 76.5
1-row supp.
7-row prin.
plus two 22 14 14 7 27.2 69.8 10.6 442 39.0 24.0 3.7 34.6 88.7 184 176.6
£-row supp.
7-row prin.
plus two 20 135 12 6 23.2 65.0 8.0 345 35,7 23.2 4.3 30.1 843 13.9 59.9
3-row supp.
1-row prin.
plus two 17 ! 13 — 170 561 — @ — 303 L. 1.0 221 730 .. ...
1-row supp.
3-row prin.
plus two 12 ! 12 — 84 336 ~—~ @~ 25.0 1.7 93 372 ... —
1-row supp.

'Single and 3-row principals did not produce a continuous 75 percent reduetion: therefore, no ‘“best’’ spacing interval tests

" were run.

*Total distance includes spacing between and within belts plus one-half of a row width added to the outside of both the first
and last belt in a system. One row width is the distance hetween rows and is equal to 0.33311,
*Sum of distance between rows in helts plus one-half of a row width to either side of a given belt. A 1-row, 2-row, 3-row and

7-row belt would, therefore, be 0.333H, 0.666H, 1.0H, and 2.3331 wide respeetively.
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Models of 7-, 3-, and 1-row princi-
pal belts, and 1, 2-, and 3-row sup-
plemental belts were used to obtain
the information. Results are ex-
pressed in terms of percentage re-
duetions of the open wind velocity.
Information was obtained with sev-
eral different spacings of the sup-
plemental belts when used with a
principal belt. Some resnlts of
tests on the so-called ‘‘narrow”’
plantings, i.., single rows used
without the benefit of a wide prin-
cipal belt, are also given.

The degree of efficiency of a
given system of belts depended
somewhat upon the type of pro-
tection desired. Of the belts tested,
a T-row prineipal followed by a
system of 1-row supplementals
would give the greatest degree of
protection extending to the great-
est height above ground between
belts. This system would be most
applicable to problems of protee-
tion for tall crops, orchards, farm-

steads, and livestoek. On the other
hand, a T-row principal belt fol-
lowed by a system of 2-row supple-
mentals would permit the greatest
spacing intervals between belts and
would provide protection to the
greatest length of ground. Use of
this system would be indicated for
problems coneerned with minimiz-
ing soil blowing. A 7-row principal
belt followed by a system of 3-row
supplemental belts would rank
third in the group tested. Single
rows of trees used without benefit
of a wide prineipal belt would not
reduce wind velocity as much as
the wider belts. ITowever, at lower
levels of veloeity reduection, they
would permit fairly long spaecing
intervals and would provide a rela-
tively  high ratio of protected
length to total length used by the
system.  They would be recom-
mended for special problems where
less protection from wind is re-
quired and where the area used by
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the belt would be an important
factor. The 3-row principal fol-
lowed by 1-row supplementals did
not show up well in the tests
would not be recommended.
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