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of shelterbelts in House-Heating
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of trecs prot ecting the farm home was estimated by farm owners in eastern South
t2 0y redues the fuel bill about 25 percent, sccording to a survey conducted by the Shelterbelt
That this is well within the limits of a belt giving substantial pro-
=lv from ncr:heriy winds. is shown by the experimental data here presented and analyzed;

while protection from both north and west winds may increase this substantially, and all-around

pr"~.\':; snoin th

d.l.J kave been adjusted to actual heating condmcm_ of the t)plca] farm
made for wind and temperature conditions which prevail at four different
These facts should discourage- the removal or too severe thinning
lhf' present emergency, with a view to effecting savings in coal.

l’:‘"l-lﬂ

the center of a grove or forest might effect a saving of 40 percent.

The experimental
home, and calculations
latitudes in the Plains
of farmstead groves in
Total fuel consumed may be

much greater if the protective belt is weakened, and onl) dead wood could profitably be employed
to replace coal.

1IE houscholder .who has had to heat an

isolated home, or one not well sheltered by

natural features or by other buildings, need
bardly be told that much more fuel is required
to maintain ordinary indoor temperatures on a
windy day than en az calm day of comparable
outside temperature. While the extent of such
increase depends much on the type and quality of
house construction (the “snugness” of the
house), there remains an inevitable relationship
between amount of wind, or of wind exposure
of the individual house, and fuel requirements.
There are also certain associated effects of wind

upon the immediate environment of the house

which have made it seem desirable to approach
the subject not from the standpoint of the archi-
tect or heating engineer but from that of modify-
ing the environment. The results which are here
described must be considered as somewhat spe-
cific for the given climatic conditions of the
Plains as cxpresscd mainly by wind velocities,
winter tcn‘pcralure" and =un~h1nc duration dnd
intensity.

BACKGROUND OF THE STUDY

Nearly all the early settlers on the Plains were
faced with an extreme shortage of fucl and, at
the same time, with almost complete lack of pro-
tection from winds which roamed the plaing
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“without let or hindrance” and were often of
great velocity and persistence during the most
severe storm periods. Those with foresight and
understanding of the conditions built thick-
walled, flat-roofed sod houses, houses with sim-
ilar maﬂ: of logs, where obtainable, or dugouts
where the protection of a south-facing bank
could be had. The improvident or latecomers,
attempting to pass a first winter in a tiny shack
of boards and tar paper, hovered on the lee side
of the stove and wished that the shack had only
half as much space to be heated. )

A natural reaction to these conditions was to
plant windbreaks of trees. Some settlers did this
almost as soon as any ground could be broken;
others were encouraged to do so by the “Timber
Culture Act” (1873-91), which made the plant.
ing of a given acreage of trees (in dicu of longer
residence under the Homestead Act) a pre-
requisite to obtaining title to the land. The set-
tlers who were foresighted enough to make this
provision found themselves in possession of bet-
ter building sites by the time their own first
battles had been won and railroads had sufli-
ciently opened the country so that grdm crops
could be sold for cash.

This time coincided with the free flow of white
pine and other good building lumber from the
Lake States into the northern and central Plains
regions and, a little later, with the similar flow
of southern pine lumber into the central and
southern Plains.  TFor their more permanent
homes, therefore, the settlers had incomparable
building material; and, as a general rule, large
and roomy, 2-story “~quare houses” were built.
A striking feature of the northern Plains is the
faet that not only are the houses often huilt on
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the most exposed hilltops, but also they are ex-

tremely tall, the less pretentious emulating the

more expensive in this respect if in no-other.
That in an undulating glaciated region the lower
ground offering some protection from wind is
swampy, and hence unsuitable, is of course ap-
parent. But nothing could have justified this
particular type of architecture, which under the
circumstances is out of place, foreign, and “out-
landish.”

Without much question farm buildings, es.
pecially in the early days when travel and inter-
course were much more difficult, have not gen-
erally made the best possible use of the materials
dvailable, because of the actual scarcity of skilled
building mechanics and because of the need to
economize in cash outlay. This is said in no
spirit of criticism, for the resourcefulness of the
farmer in all fields is an admirable character. It
is meant to imply, rather, that the farm homes
with which we are dealing are not, as a general
rule, of high-quality construction. If this sug-
gests to architects and insulating concerns that
there is a very great field for the improvement of
farmhouses, so much the better. Insulation is
undoubtedly desirable; however, before that
phase is considered, the architect should have
an opportunity to revamp radically the exterior
design of thousands of houses in the Plains re-
gion which are “wind traps” of the worst possi-
ble kind.

The points to which this “background” dis-
cussion’ leads are simply these:

1. Although tree planting in the earlier years
developed protection about the original farm
home, or the later building often was placed
where there was such protection, this was by
no means universally true. In the northern
Plains, especially, the custom of erccting houses
on hilltops has placed many where trees grow
but poorly, and where it s most dificult to
obtain protection in any case. In other cases,
the groves have died out because of actual senil-
ity or lack of care.

2. In referring to the possible benefits from
wind protection it should be kept in mind that,
broadly speaking, the most exposed farmhouses
are often very loosely constructed. It will be
made plain what this means in a discussion of
the possibilities of heat losses bheing abetted by
wind. ,

A survey of farms in eastern South Dakota.
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conducted as an administrutive phase of the
Prairic States Forestry Project, showed that there
is a general appreciation of the value of wind
protection.  Even in this fairly favorable terri-
tory, however, not all groves were successful nor
are more than half of the farmsteads receiving
the protection they mizht well have. The survey
aimed to get an over-all estimate of the value
of a good shelterbelt or grove as a fuel saver,
through opinions both of the farmers who have
them and those who have none, or less than they
would like. The concensus of both groups was
that such exterior protection would reduce by
about 25 percent the winter fuel bill, which
without the grove would average approximately
380 per ycar. Those whose belts or groves per-
mitted some cutting for fuel were, in some cases,
making a further cash saving of the cost of coal;
in other cases this wood fuel seemed to be a lux-
ury item added to the purchased fuel.

Considering that farm homes are rarely heated
throughout to the degree that city dwellers con-
sider normal, and that bedrooms often are heated
very little, a fuel cost of 330 per year may seem
a little high, but probably reflects the fact that
any isolated dwelling has a good deal more ex-
posure to cope with than the houscs in even an
uncongested village. Also, the average size of
farm dwellings probably exceeds the average
size of dwellings in cities and towns today, where
new construction is at all advanced.

Tesr Houses

The original plan of this experiinent called for
a “spot” or empiric test of the heat use of two
or more identical house units differently exposed
to wind. One house was to receive the full force
of the Plains wind through the winter; another
would be so placed as to receive the maximum
possible protection by a typical windbreak;
while a third would represent an intermediate
degree of prolection.  If the actual wind which
occurred in cach position were recorded, such
a test would not only tell its own story directly
for the climatic conditions of the Plains, and for
the specific local protection, but also the results
could be extended to other situations repre-
sented by known  wind velocitics,

Since the character of the results would de-
pend not only on the velority of the winds which
occurred, and the severity of the cold or degree
of difference in temperature between the honses
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creocivend, an obvivus requirenment
ct s that it should be

to give a typical “sar

continued
mple” of all

o conditions likely to occur In a win-
ter; iu fact, it must cover all, or equal propor-
tions of all parts. of the heating zeason oI 1o 9
methis on the Plains. From this stz ndpoint no
one | would be quite satizfactory, but a
middle lstitude seemed preferable, and because
of other work going on at Holdrege, Nebraska,
that point was selected.

[

An item not considered in plarning this di-
rect approach was that very small }rou:e units—
desi L‘.H: from the standpoint of accurate heat
control and recording of temperatures, as well as
for economy of operation—could hardly be so
constructed as to “represent” larger houses in
every respect. The critical consideration is that
the ratio between heat losses which occir through
the walls and wall materials of the house and
those which occur by reason of air movement
through cracks should be averzge, or typical
of a certain standard of construction which, as
already implied. is not a high standard v.lth
farmhouses if gencral * llghtne,; ” be considered.
For the first of thc:e items, principally condue-
tion, referred to as “transmission lozs,” is only
very slightly influenced by wind, while the sec-
ond, or “infiltration loss,” mayv be more than
directly proportionate to wind velocity. In addi-
tion, flue losses seem to be influenced in about
the same way by wind, although this is not an
item in house construction, and has to bhe con-
sidered in this experiment largely as a malter
of over-all fuel efficiency.

To make clear why very small test houses dis-
tort the recults as to the degree of wind effect,
and thus necessitate a more analytical approach
than vas first conlemplated, it is only nceessary
to use a simple example. If the test houszes had
been so desizned as to be miniatures of, for in-

“Ta zave =pice, the outdoor temperature will herealter
be referred th 55 To, the hon-e or interier temperature
25 Ti, and the difference in temperatus hojs the
critical value in heat los rates, as Ti-To. :
epeabing, mean temprratures for oeach unit
operation are referred to and extreme i
means  beinz detormine!  from :
checkod at leicl onee cach day by me :
fuz the rmn - TIn wddition to the abave, we have

revon to pfer Tvter 1o T thoe tempereture of the house
heowd enly by the <un, or otherwiee i
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stance, Zstory square houses, with a typical pro-
portion of glizing to total wall area, then the
transmizsion loss through elass, which is high rel-
ative to that through wall materials, would have
been typical alse, and the heating value of sun-
light a considerable item in saving fuel, would
have plaved its normal part, in so far "as light
through glass is more efective than light applied
to exterior wall surfaces. However, due to the
simple geometric fact that as rectangles are in-
creased in size their areas increase much more
rapidly than their primeters, the miniature house
would in this case have a much grealer footage of
window cracks relative to either wall or glass area
than the house of normal dimensions. With the
12-inch by 18-inch glass used in the test houses
(omitting sash mdth) there is 5 feet of perimeter
or crack for 1.5 square feet of glass, or 3.33 to 1.
With windows using 30-inch by 30-inch glass,

the ratio is —, or 1.6 to 1 for each sash

25 .
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double-sash windows. Thus the miniature house
would be certain to have from 2 to 2.5 times as
much infiltration loss as the house of usual
dimensions, in relation to transmission loss, if its
area of glazing were exactly proportioned.

separately, but only 5 or 14 to 1 for

Since a proper balance was not brought about,
as regards the two types of heat losses, and it
would have been impossible with such adjustment
to have sunlight heating in proper proportion,
we are faced with essentially the situation used
as an illustration, for the test houses, which
were 4-foot cubes in inside dimensions. Add-
ing half of the wall thickness, i.., calling the
squares 4.33 {feet, since it is such an important
item with so small a cube, the wall-and-cciling
area is 93.75 square feel. Three windows of the
size mentioned, with 2-inch sash allowance all
around, plus one door 24 by 44 inches, gives a
total crack footage of 2824, which may be
rounded ofl to about 31 {cet with allowance for
a Yo-inch pipe through the ceiling.  Upon cxam-
ining the plans for two types of furmhouses, a
Cape Cod cottage is found to have about 2.1
times the ratie of wall area to crack footage
which is indicated above; 26-foot by 26-foot two
srory square houze about 2.5 times,

Although these fnets indicate that the infiltra.
tion lozecs of the test houses should be reduced




by somewhat more than onc-half, in order that
infiltration and transmission losses shall be in
proper balance and the effect of wim! not be
exaggerated, there are circumstances which make
a reduction of just one-half seem, in the opinion
of the writer, entirely fair. This basis has been
adhered to despite the opinion of a prominent
heating engincer that the resultant ratio of infil-
tration to transmission—for example at 15 m.p.h.
wind and 25° To, about 14/1—is “high.” As
already pointed out, it is intended to represent
houses of relatively poor and loose construc-
tion. Actual infiltration was that to be expected
if windows had been weather-stripped. In addi-
tion, the transmission loss of the test houses
should be high, relative to wall area, because
sheathing was omitted: and while there are
. actually many farmhouses without sheathing, that
is certainly too low a standard of wall construc-
tion to be considered typical.

The calculated transmission of the test houses,
on the basis of inside dimensions, is 26.239
B.t.u. per hour-degree in still air. It apparently
must be less than this in order that total heat
losses may not exceed the actual as ebtained by

o

SHELTERBELT INFLUENCES

17

extending the measured b Tosees fron the o
est point on the curve at about L6 m.ph. wind,
and it has been neceszary to a-sume this Sarting
point for transmis-ion oz bLeing 23.0 Bt por
hour.  Transmission losses caleulated for 5, 10
and 15 m.p.h. have then been reduced in this
same proportion.  The increase in transmizsion
to 20 m.p.h. is only 8.7 percent of the basic rate,
and 7/10 of this increase occurs below 5 mup.h.
In order that any statements made Lerein may
be subjected to checks, a few points regarding the
test-house construction zhould be recorded. Fig-
ure 1 shows the design clearly enough, especially
as to the type of roof and roof-ceiling space. The
roof itsclf was of %-inch by 2-inch slats, covered
by a layer of prepared roofing paper out to and
over ends of slats, but there may have been fine
cracks for infiltration on the underside of the
2-inch projection of the slats. The ceiling was
wallboard only, while the roof arches had a cen-
tral height of 915 inches. The walls were 3%4%-
inch studding, covered, on the outside, by glazed
building paper and lap siding, on the inside by
Lo-inch Celotex (somewhat porous) wallboard.
Lap siding covered the ends of the 2-inch by 4.

4
]

{ ’ !

TN ;

it .

..... TR ; v :

i

i

. ' :‘. i

—'_ >l - . ]I
TR A ,
e - S . s -
326038

Fig. 1-Test housew as set up at Holdrege in March, 1936, looking northwest toward the “60-

"

percent” solid barvicr.

Doors open to thie cast,

Ancwometer stands are shown at 1izh., whils

stakes visille at left represent line through center of long barrier, on which evaporimeters
were placed.
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were Rept banled with sail or szow o that wind
The door was two lav-
ers of Celoten over a F-inch frame, and was
Loeze filting. especially at the bottom.
while the windews were tightly  stopped all
and held snugly against the outside cas-
ings.  The houses were constructed identically
tas {ar as could be seend. and in very workman.
like manner. They were first used when new,
and between the first and second winters received
a coat of paint which prevented any warping.
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ResvLts oF TEesTs

Two sets of tests were made, near the begin-
ning of 1936 and 1937 respectively. In the first.
the original idea was carried out, but for so brief
a period that the direct comparison of protected
and unprotected houses has very little significance
as a scasonal relationship. It then being appar-
ent that data on heat-loss rates of a more funda-
mental character would have greater value. and
that the number of variables should be held to a
minimum, a considerably different plan was fol-
lowed in the second season. The primary defi-
ciency of the results in the second season is the
lack of any flue-lozs element and the fact that.
with heating by electrical encrgy, “fuel efh-
ciency” must at all times be taken as 100 pereent.
To some extent the first-year results give the
basis for estimating this clement.

Since the primary purpose of this article is
not to discuss the physic: of house heating. but
to show how established physical facts “work
out” under Plains conditions, and the extent to
which fuel use may be reduced by exterior pro-
tection. the treatment of the measurements made
is as brief as possible.  This treatment, which

may not interest the casual reader, is dezigned,

to place the meazured results on record. for any
possible use or interpretation, and to show the
steps taken to put them in usable and convenient
form, as in Table 4. However. in order that
even Table 4 may be used safely by others, it is
necessary o meation certain precautions, neees.
sitated by the fundamental phyvsiez of the prob.
lem.

FIRST TEST. 1030

The setup for thiz test was that illustrated in

Figure 1. The 12-fo0t <dat barrier, 490 {eet
r
long, appraring Lehind the hances) ic the east
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west barrier of the so-<called “orientation™ pair.
The houses are located 2-H (24 feet) and 31
south of the barrier, to benefit under prevailingly
north winds. while a third houze was in the open,
without obstruction for hundreds of feet. Of
the two locations used, the 5-H position is likely
to show the lower wind velocity with north winds
or these within, possibly, 45 degrees of north,
while the 2-1 position will show lower velocities
with winds from nearly all other dircctions.
With somewhat more than average preponder-
ance of north winds during the obscrvation pé-
riods in 1936, however, the 2-H position had a
slight advantage.

The test houses had been ready for some time
before actual “runs” were made near the end of
March. It had been found impossible to control
the only available oil-burning (brooder) stoves
at a low enough rate of fuel consumption to
avoid excessive interior temperatures carlier, but
colder days at the end of March kept tempera-
tures within the limits of recording thermo-
meters. At this time six periods, totaling 69
hours, were considered to have acceptable rec-
ords, although interior temperatures could not be
held to 70° F. and went to an extreme of 114° F.
By combining all six periods, there are obtained
interior averazes which are not too variable be-

‘tween the three houses.

As is probably well known, brooder stoves are
rather hoods than stoves. and the amount of
“draft” cannot he closely limited. Consequently,
as excessive draft is a primnary cause of heat loss
through the flue, it is found that for the entire
period. in the control house requiring the hottest
fire, the fuel use was somewhat excessive, al-
though the efficicncy is calcunlated, from later
results, as having been about 61 percent. The
actual flue-loss rates which may be derived from
the present data are, therefore, greater than
might be considered normal for these houses and
the conditions prevailing. and must be modified
as deseribed later.

The results of Test 1, treated as a single period,
are shown in Table 1 and Figure 2. The effect
of wind is very pronounced, and as between the
two houses which varied only slizlitly in average
wind velocity, the results show only slight inecon.
sistency when the relationsldp is covered by the
straight line “A” (Fig. 2). However, it is obvious
these two lower points are too close together to
determine the nature of the curve “B,” although
this happens to fit to the two points more clozely
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Fig. 2.—Effect of wind velocity on fuel use and heat loss.

INFLUEFNCES

For case of refercnce to thes over-ati

wind protection during the <hort perion] of
test, the two lower sets of values are ave

and it ix found that oo the south zide of the oo
pereent solid barrier there was wind reduction
from 12.93 m.ph. averaze, to 718 mop.ho aver-
age, or ncarly 15 pereent, while heal wse wos
reduced from 79.97 to 5L.10 B.tu. per hour.
degree, or 36.1 percent. In short, there was
about 0.81 percent reduction in fuel use for each
1 percent reduction in wind.

Aside from the fact that the temperatures dur-
ing the brief period of these measurements can-
not be considered typical of the heating season
as a whole, there are two reasons why such en
expression overrates the value of the protection,
as well as the average effect of wind. Regarding
the first, for the entire heating scason of 1936
the position at 5-H south of the barrier showed
only 25.1 percent reduction of the wind in the
open,® although these continuous measurements
were made at a level of 16 inches, in comparison
with 36 inches at each house during the heating
tests. It is thus evident that the test period was
not typical of average wind directions. Further-

Taste L—Hear Use wute ProTecTioN oF BARRIER 0N THE NorTH; 1936 Tests witTH Ow-BURNING
Heaters, Larce FLre Losses

Total length of

Excess over

Theoretical
heat generate®

observation Mean outside temperature Volume of Per Hour- Mean windd
Condition periods’ temperature  Ave. Hour-Degs. fuelused  Total Des. velocity
Hrs. °F. °F. (C.c.) (B.tau.)y B.uua (M.p.h.)
Open-air® . .. . 69.19 2467 — e S 16.15
Control house, heated 68.83 97.10 72.38 1.981.86 10,850 398,112 79.97 12.93
House 2 hts. S, of barrier 68.68 91.09 69.35 4,762.90 6,480 237.946 19.96 6.33
House 5 his. S, of barrier 68.72 95.66 70.94 4,874.77 6,935 254633 32,24 TR

!Since component periods are not of the same length for different houses or even for each item measured. several
items in the table which are obtained by summing the short-perind components will be found not to check ex-

actly, such as the average excess of house temperature over outside temperature,

however.

Discrepancies are insignificant,

*Wind velocity shown oppesite is for 16 fcet from ground at control station, or more nearly as velocities are

commonly indicated, and about %4 higher than at the 3-font level at same point.

All test velocities age at 3 feet

above ground, and all are corrected for instrumental error for the shorter periods,
At full value 139,000 B.tu. per gallon, or 36.72 RBtu. per c.c.

than the straight line. Even after “fixing” the
lower end of curve “B™ as a result of some rough
tests showing that flue loss could hardly be re-
duced below 3 B.tu. per hour-degree, the shape
of the curve was found to be difhicult to fix by
graphic methods alone.  Consequently, the curve
as drawn is based on certain relations hetween
flue loss and other losses, established later, and
described in connection with Tahle 3.

more, the velocity of 12.93 m.p.h. at an eleva-
tion of 36 inches is considerably above average.
and is partly responsible for the reduction of -2

It is worthy of note that at the <ame distance north
of the barrier, the average rednetion was 17T percent,
showing plainly that even a windbreak to the south of
a house would not be without value in the winter. Hows
ever, the further poiat is probably apparent, that whils
there would then be some protection from north windds,
it weuld be primarily in the period of miller, south
winds that the proteciion would be given.




Tanre 2—Basic DAta rroat ™ie 71 Days oF Onsenvation on Two Houses (Apjusten ron
~AveAReNT DivrERENCE IN METERING) AND Prisany 25-Decnie Cunves Baskp oN AuL oF 1ur Data

Original data for groups in same whole-mile class (e.z 2.01-3.00 m.p.h.)

Average of " Corrected
hour-deg.  Correction  hour-deg,  Smoothed values for To 257 F.
No. days Average  Average temperatures Rates per hour in b.tu, heat-Joss per hour. heat loss  Wind Per hour-deg.
inclass  wind velocity To Ti-To Fuel use Sun heat Total heat loss rates® deg, 70" at 25 °F.  veloeity  Fuel use Heat Joss
House M.p.h. °F. °F. Bt Bt B, M.p.h. B, Bt
No.1 No.2
. e e e e e R 0 20.002 21.000
. - e e e e e 1 21.362 25,107
7 12 1.654 24.66 46.11 * 1003.02 209.34 1212.36 26.457 .0084 26,451 2 - 22,762 26,0960
12 11 2501 21.93 48.01 1136.63 200.05 1336.68 27.696 0125 27.658 3 21.205 24,191
6 11 S48 28.08 2,20 1081.39 15148 . 1235.87 29,238 0184 29.295 4 25.698 0018
5 7 1186 25.16 4179 1180.68 203.22 - 1383.90 30.678 0278 30.691 5 27215 316012
R 3 5.391 25.83 44.10 1259.99 220.86 1480.85 32.350 0381 32.332 6 28.850 33.275
6 3 6133 28.89 1096 - 120249 20174 1104.23 33.819 0556 31035 7 J0513 31917
) B! 7541 23.42 46.81 1507.38 171.35 1678.73 35431 0768 35.310 8 32240 306601
5 2 8.607 23.36 46.92 157445 223,92 . 1798.37 38.279 1003 38.104 9 310067 30128
1 8 9.530 15.67 55.11 2011.15 199.20 22.10.35 40.412 1228 39.266 10 35,964 10,252
L 1 10.536 31.27 38.67 1419.48 127.19 151697 39.825 1500 40.764 11 37937 42,147
6 1 11.597 28.62 10.85 1561.28 180.96 " 1712.24 42,414 1791 43.062 12 40,006 41.117
2 2 12.330 25.06 44.47 1962.04 131.40 2093.44 45.860 .2000 45.871 13 42.165 16.181 .
2 3 13.482 24.61 46.12 208234 138.25 2220.59 47.332 2322 47.212 14 41.430 48.101
- e e RS U e e . e - 15 16.782 50.835
5 3 2854 41.92 1866.91 49,767 .2804 50.759 16 ¢ 49.251 53.536
- - JSIUR. e e 17 51.861 56.521
- 8 L 59.802
- - L e e e mmemeeee e 19 U 63.387
1 0 2477 3000.35 272.73 3273.08 72.7136 A70 20 T 67.280

'Because of great varishility and few observations at this level, includes velocities from 14 to 16.22 m.p.h,

“Since periods with higher Ti-To and lower T'o generally run at higher rates, it follows that the average obtained by dividing the preceding column by average
Ti-To will give a higher rate than the average of the individual rates shown here. [lowever, in most cases the difference does not exceed 0.25 Bt per hr.deg.,
exceptions being in 12:13 and 13-14 m.p.h. groups, where temperature effects are very pronounced, and in 1.2 and 14-16 m.p.h. groups where temperature effects are
reversed—probably accidental variation. These variations make it clear why it is diflicult to assign true values to the temperature correction curve, and its irregu-
lar form. .

*Corrections arc given in this form, rather than actual amounts of correction, because similar values are used to develop curves for To 0° F. and Tao 50° F. Here,
when To is above 25° F. the correction is plus; when below, minus,
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percent at this station, since the percentage oo
duction invariably rises as the velocity rises, a?
least in so far as the position of maximum redus:.

_ tion is concerned.

This statement does not make sufliciently clear,
however, why it is important, for the accurat:
determination of probable heating benefits, to
deal with true wind velocity as it actually im-
pinges on the house, ruther than with an approxi-
mate or assumcd average velocity. Even if we
were dealing with so simple a relationship of
fuel use to wind velocity as is illustrated by
curve “A” of Figure 2, a little thought would
show that the percentage relationship arrived at

- depends not alone on the above varying values

of protection, but also on the point from which
calculation is started. This is because the curve
(such as “A”) does not strike zero heat usze at
zero wind velocity, but is always held up
at low velocities by the continuing transmis-
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which

sion Joss. Roughle.
of 15

fiuenced Ly wind at

Uy e
B.tu,
all.

ri~e as 5 Bu for cach mile of wind. «

weizht™ item i< et

Taking the 1.

tions are: made very simple. Thus, if the § 40
wind veloeity be 13 m.p.he, it is found tha: e
of 0.01 between
wind reduction, when hoth

faclouse reduction ol

ratio
a-
percentages of the initial rates, is actualis "the

80—15

ratio ———— (derived from '—~
80 380

1
D == -
L.

3 5
likewise, starting from 10 m.p.h. the ratio i-
65—15 N -

pressed by ———_ or 0.77, and at 5 m.p.h. hv
- 5 :
40—15

40 .
from points on the same straizht line. makirz it
clear that the result depends very much on the

, or .625. These varied results are :zll

TasLe 3.—SkeLEToN Data Suowinc THE SteEps BY WHIcH Bastc Restrts Are TrRANSFORMED
iNTO FINaL “Curves” For Turee TEMpeExatURES; ALL Units, Exceer CoL. 1, Arg 1¥ B.T.U.

Per Hotr-DecrEE

Ba~ic ﬂlli#]ug:-‘—

Wind . rates (1936)°
velocity Tota) heat-loss rates! Transmission Infiltration rates (residnal)
m.p.h. 25°F. 50°F. rate 0°F. 25°F. 50°F. Acuzed
I} 24.131 24.000 23.881 23.000 1.131 1.000 0.851 3.400
5 32527 31.642 30.842 24.401 8.126 7.241 6.411 12.685 12532
10 43.798 40.252 37.043 24791 19.007 15.461 12,252 25.673 25.809
1S 58.167 50.835 44.202 21928 33.239 25.907 19.274 43.158 43.13¢
20 79.457 67.280 56.263 24998 514.459 42.232 31.285 62.762 69.971
Wind Sums, Tr., half of Infittr. and flue lnzs,
velocity Flue-losses to ecombine for efficiency of*” Alternate with deduction for sun heat* .
(m.ph.) 67% at 0°F. 70<% at 25°F. 7350 at 50°F. 25°F. At 0°F. At 25°F. At30 FL
0 2.202 1.813 1.496 3.400 22.268 20.813 16.93~
5 8.215 6.761 5.580 6.671 33.179 30.285
10 16.629 13.692 11.296 13.738 47.124 41.713
15 27.954 23.017 18.989 22.990 66.002 56.399
20 40.652 33.473 27.615 37.216 89.380 75.112

b - ~ . e - . - .

Values for 0°F. and 50°F. derived from basic curve for 25°F., using 105 percent of the standard correction per
deg;ree shown in Table 2 (at even m.p.h) for 0°F.. and 95 percent of the standard for 50°F.

Amounts by which total loss rates in 1936 exceeded those shown in Col. 3. Several points as to derivation and

use of these figurcs are discussed in text.

3 . ¢ A )
Sampling to obtain about average wind effect there
"‘"-P-h-» 3."5 times those at 10, 3 times those at 12, 2.5 times those at 14, and once the rates at 16 m.ph.
samples” result in sums of 471.252 for Col. 9 values, and of 619.729, 585,111, and 360.607 when Col. 3 is combizned

are used 4 times the rates at 6 m.p.h.. 4 times those s

Th

with one-half of the infiliration in Cols. 6. 7. and § respectively. To give 70 percent fuel efliciency there are nesisd

flue losses (for 25°F.) which will total, for a similar s
53.33 percent of the sample sum for the hasic e 1n

mple. 3/7 as much as 386,411, or 251.333, and this in turn i-
e<: therefore, this percentage is taken at all velocities.

Lixe-
N

wise, 0°I". and 50°F. require respectively 6157 percent and 310 pereent of the base to attain the cfficiencie in i

cated for them.

¢ . . . . oo e . . .
To attain about average san heat a~ in tests, 202 B per hour, distributed as it s likely to he with max. 3o

245

midwinter with snow on ground and cear <kies, the rate used for 07 F, e cm—To oz 35 Buoa per hrodegs Yo
0 (Ti-To)

agep 2025 i 16D ,

=9 T = 4.5 Bt per hredegs and for 507F 20 =8 B per hecders The last proup = oprodobde ooo-

typical of cloudy spring daye than of sutmmn days of <ame wnperature,




™~

\

154

R JOURNAL OF FORESTRY

ioof trans.

Phen, the curve TR which 15 much nearer to
atrue reoresentation of the relations, <hows that
the travsmission loss iz much greater than 15

R and also that the form of curvature would
tend further to mini:
12 from hizh toward low wind veloeitics.

[
i <

12, it iz by no means as impertant or as effec-

ize the fuel-use reductions

in fuel saving. even on a pereentage basis,
to reduce the wind by a given proportion where
and when it is 10 nup.ho. as when it is likely to
averaze 12 to 11 m.p.h. This item becomes impor-
tant not only in arriving at a true average for
the locality and season. but also in considering
the height above ground at which the wind strikes
the house.! The average level of the windows in
a house is probably as safe a one to choose as
anyv.

It should be stated that the above values have
no sigrificance as actual ratios and are taken
from the first-vear results for illustration only.

SECOND TEST, JANUAKY-.\iARCH, 1937

For the second test the primary consideration
was to obtain full control of heat use in order
that bath the exposzed and protected house might
be kept uniformly at 70° F. and, both for con-
trol and ready availability, electrical energy was’
obviously superior to any other form. There
is, of course, no necessary flue loss with electric
stoves, and the 3-inch openings in ceilings and
roofs of houses were closed except for a 1%-inch
pipe, which might more wisely have becen

‘Since there ars several references in this fext to
transpositicns bhetween velacities at different levels, it i<
well to make clear the basis used. The available For-
est Service data cover exhaustively comparative veloci-
ties a2t 16 feet and 16 inches above ground, with nu-
merous measurements up to 40 feet. At no point near
the zround are the decreaszes in velocity cons<tant with
lowering level, being more rapid with higher wind
velocity and with increasing roushness of ground or
vezetation surface.  Hoswever, it hes been deemed suffi-
jently close to a<zume that when the velocity at 16
feet i between 10 and 15 meph it will be 91 percent
of that 30 feer. We may then plot o
peint curve from two known velocities, which will show
with con-iderable acenracy, for example, the velocity at
2 feet. and this aveTases abont 96 pereent of that at 16
feet. The ratin Letween 16 fnches and 16 feet varies
from abont 62 10 20, hut averages about 72 with low

grac> cover. Below 16 inches the decline may be abrupt,

)
at

of conrse, althoush welocity a fraction of an inch above
the ground may be apprecichle unless the cover i< very
Tig o
dinoe,

are down to the 6-nch Tevel has
ver available zerodevel veloeities
Lard ground and ecannat Lo cor-

e Bobineon cnemometer,

Attempt to exp

omitted.  In order to eliminate one additional
variable, it was decided to enclose the protected
house by a circular—actually 11-sided—Dbarrier
of the same construction as the barrier referred
to, and of such diameter that the house in the
center of the cirele would be at 2-H from the
barrier regardless of wind direction. No claim
is made that this resembled ordinary shelterbelt
protection, although it might resemble the type
of protection of a house set down in an opening
of less than one acre in the midst of a grove or
forest, where the height of the trees exceeded that
of the house in a ratio of 3 to 1 or thereabouts.
More usable, and perhaps more exact, rezults
might have been obtained by employing a barrier
of half the density used, which was 60-percent
“solids™; for a more open barrier is less likely
to produce eddies or vertical currents within
the small enclosure. _

Velocities which would affect the protected
house in this case were calculated from those
determined when the house was not present.
because there was no place at the side of the
house at which the true impact could be mea-
sured. The predetermined ratios to wind in the
open, in all cases at a height of 2.5 fcet, varied
from 274 at 4 miles per hour to .299 at 16 miles
per hour, and while absolute constancy could
not be expected. any variation from the given
ratios would be so small as to have negligible
effect on the results.  There having been one day
in which a portion of the “corral” was down,

- the averages show about 71 percent reduction in

wind velocity during the entire test.

House No. 2 was operated in the open for 29
days, covering the colder part of the entire period
which began January 17, 1937, while house No.
1 was in the closure. The positions of the two
then reversed for a period of 42
days, mostly of milder weather. The same clec-
trical meters remained with each house through-
out, so that. if there was any diflerence in their
rates of heat use, it could not be determined cer-
tainly whether it arose from the houses them-
selves or from variation in the meters.

houses were

Houze No. 3 was employed throughout to de-
termine the effect of sun heat.  Recording of
maximum, minimum, and current temperatures,
and of anemanicter and electric-meter dials) were
made daily, as near as possible to 9 A.M., and all
caleulations are for such daily units of time, but
put on an hourly busis to eliminate variation in
length of davs,
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Since the temperatures of the two periods were
quite different, it might be expected the results
would be not quite the same.  In the first period
the average To was 14.9° F.. in the zccond 31.97
F., and for the 71 days very slightly under 257 F.
Sun-heating effects were actually greater in the
first period, apparently because of reflection from
the snow cover.

Thus. in the first 29 davs the house in the
open was exposed to average wind of 9.74 m.p.h..
442.6 k.w.-hrs. were required to heat it, and the
average use per hour-degree (this measure ac-
counts for slight differences in house tempera-
tures and for time lost) was 44.501 B.t.u.; while
the sheltered house was exposed to average wind
of 2.81 m.p.h., required 270.4 k.w.-hrs., and used
fuel at the average rate of 27.216 B.t.u. per hour-
degrce. In the second period, of 42 days, the
wind velocities were 9.88 and 2.91 respectively,
the exposed house used only 380.3 k.w.-hrs., or
39.587 B.t.u., per hour-degrce; while the pro-
tected house used 272.0 k.w.-hrs., or at a rate of
28.102 B.t.u. per hour-degree. Thus, wind reduc-
tions which, by usé of such averages. amounted
to 71.0 percent and 70.5 percent respectively,
caused a reduction of 38.84 percent in average
rate of fuel usc during the colder period, but
a reduction of only 29.01 percent in the milder
weather after February 15, As almost the same
number of hour-degrees was involved in each pe-
riod, the lump-sum reduction for the entire 71
days is very close to the mean of the two values,
34.1 percent.  Thiz includes no flue lossz. but
docs include the excessive infiltration. which is
neverthcless a smaller item.

However, as to the effect of different tempera-
turcs in the two periods, when allowance is made
for an apparently constant difference of about 5
pereent in the heat-loss rates of the two houses
involved. it is found that the fucl-uze reductions
should be more nearly of the order of 32 perceent
for the milder period and 36 percent for the
colder weather. without changing the average
from 31 percent.

The discrepancy hetween the two houses® was
in\’cslig:llw] through the same proceszes as were
used Lo determine rate of change in heat Tozs with
change in To. House Noo 1 alwavs showed lower
heat Tosses than house No. 2 under sinmilar cir-
cumstances,  Ns exposure to higher winds was
generally at the higher levels of To. and con-
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sequentdy its heat Tosces were of o lower ord
However, the effect of increasing Toowus fone
to be niuch greater as between houses 1oLl 2,
than when only the data for cither house oo
used separately.

Althouzh, in neither aspect does this anals-iz
show good consistency at different wind Levels
due in the main to additional variables of which
wind direction is most outstanding in «ffect. it
was decided first, that a correction of =3 per-
cent mu=t be applicd to all fuel-use amounts for
house No. 1, to put it on approximats” parity
with house No. 2. Differences due to To were
then reworked on this basis of parity. However,
for final levels, the combined and averaze quan-
tities for both houses were lowered by 3 percent,
so that the results as used are not in measurable
degree diffcrent from the actually recorded re-
sults except for “smoothing™ procs:ses.

The first step in the analytical approach which
would permit separation of the several elements
that comprise the total fuel use. the reduction of
the infiltration losses, and the addition of appro-
priate amounts for flue loss, was to obtain a
smooth curve for total heat-loss rates. The basic
data, together with the first curves corrected to a

‘basis of 25° To, are given for record in Table 2.

Sun-heat calculations.—It is evident that fuel-
use and heat-loss rates are not synonymous ex-
pressions, and that if the former rates result in
a smooth curve it is accidental. since the “help”
given by the sun from day tosday may vary
through a wide range. It was therefore neces-
sary to use the records of house No. 3 in an at-
tempt to determine the daily magnitude of this
addition to fuel. Unfortunately, not only was
the temperature of house No. 3 (Tu) deter-
mined only by maximum and minimum ther-
mometers, but also the light from the south win-
dow at noon fell at varving distances from the
thermometers in the center of the room. and

*No evidence exists that house No. 1 conld actually
have lost heat at a lowes rate than house No. 2, and in
fact there is some slight evidenee to the contrary in
notes relative to door cracks. Tt is for this reason that a
metering difference (and a constant percentge ditfer.
ence) of approximately 5 percent i< assumed tooexist
Althouzh it had been requested meters be checked be.
fore nstallation. this apparently was not done, and it is
believed variations of as muchas 3 pereent are not un.
wsanal after Tong vees Tt should be recorded here that
Loth houses lost heat pethaps 10 pereent nrore rapidiy
under north than under <owth winds, with doors foes
ca-t.
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aieer abeat 20 wvs D was considered desirable 20 have been used. modified up and down by 5

o i serndow with Boht gavee, This,

\ fation in actual =unhicating
eects which apparently arese from the now
cover existing until about March 1, introduces
seseral vartahles. and very substantial adjust-
mients of the original calculations have been
made. the exa~t nature of which cannot be de-
seribed ina reasonable space. In making these
adjustments solar-radiation’ data of the Weather
Bureav at Lincoln have been the base. although
when weather is changeable the relations between
the two points. 200 miles apart, is necessarih
variable.

The method for originally computing the value
of sun heat has been to compare the average of
maximum and minimum temperatures of house
No. 3 with outdoor maxima and minima. If on
this basis. for example, it iz shown that the
“unheated”™ house was heated 10 dezrees by the
sun, whereas on the same day the exposed hou=e
was heated 50 degrees by sun and juel, then the
sun heat is assumed to have been one-fourth as
ereat as the fuel use. This assumption is, at
best, a very rouzh approximation, and probably

underrates sun heating.
Having drawn the curve for total heat louses
es. emploving all of the data. the next
htain similar curves for zero and 50-
degree levels of To, or any ather levels such that
intermediate values for relatively small difler.
ences in To may be interpolated. These two
other primary curves are shown in Table 3 in
skeleton jorm only, since the purpose i= mercly
to illuztrate the method.  Actually, the computa.
tions were made for each mile of wind, and the
differences from mile to mile very carefully
smoothed. T create these curves the “standard
differences™ per degree of 7o, a- given in Table
Exprezsed 2« formula, sundheat per day or haur =
Fuel Uee ) . . i
—iiee— S (Tu-Tod. Forou fess daye in March the
TiTu ‘
Ccharaeier of the <an hentine was aprerent o the other
houses, a0t suffickent 1o cot out the electrical
eaters for o~ honr-, Tt appeared, ab east with
e b gl henees that oorae very elose 1o the max-
i for al bea-t 5t 6 howre afier 1040
“F :!1" "ﬂ'""' M| "]"-"\ ‘J-l"' ’i‘l“‘

Pl vas S

r effeet of normal son orass un
2. r ~orfuers It apparcwtly dc oot de
. . H ! e ' .

prredent on glazed aren b fully as el on the clior
acter of Gl Thi- the writer found hic window.
froeey 00 ; being beated Tully as maneh,

W o the maoreing, g these e

faal £

percent, so that the ('h;mgc.\‘ arce"a little sh:n'pvr
from 07 F. to 257 F. than from 257 F. to 507 |,
since they may be assumed proportionate to the

percentage  change in  absolute temperatures.
Figure 3 shows the three primary curves, and the
25-degree curve in the last two stages of develop-
ment.

Curves for the three temperatures are carried
through the processes of separating transmission
from infiltration, reducing the latter by one half.
and adding what seem to be appropriate flue
losses.  The resultant rates are then reduced by
amounts .which correspond in a very gencral
way with the sun-heat values as originzlly found,
so that the final curves are again fuel-use curves.
It is these which are, as a final step. interpolated
for Table 4, to give results by 10-degree stages
from —10° F., to +-50° F. ‘

Flue-loss calculations.—In these processes only
one element seems to deserve further explanation,
as implied by earlier commitments. This is the
allowance for flue loss. In Table 3. two sets of
figures are given. although only one of themn has
been used. Frankly, thev represent different pos-
sible interpretations of the same data. The writer
does not know which is hest.  Briefly, the situa-
tion is this: The 19306 results, which include ex-
cessive flue loss. when compared with the 1937
curve for total losses at 25 degrees, show that
the presumed flue losses stand in constant rela-
tion to infiltration losses at 7.18 and 12.93 m.p.h,,
the actual ratios at these levels being 1.673 and
1.677 respectively.  Since, however, the ratio
at the minimum, in still air, is much higher (3.4
as assumcd) it is evident that the literal employ-
men of these two established ratios will result in
a reverze curve, having a downward trend to 7
m.p.h. and even dipping slightly lower around
10 m.p.h.. before rising to 1677 at 13, In addi-
tion, there has been caused a second reversal
from 11 to 20 wmpl., for conservalism, hoping
thereby Lo counteract any possibility. that the
meager data for velocities above 15 moph. in
1937, might not be safe averages. Thus the ratio
on the curve as vsed at 20 mup.hi has dropped
1o 1.46

The alternative propo-ition impﬁm that this
ratio of flue loss to Infiltration Joss should de-
cline <harply from 0 1o abiont 5 moph, to only
1.69 wt Tanep i and from that veloeity to 1.631
at 20 pepde Inoaddition, however, it hinplies

N §E
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Fig. 3.—Progressive steps in finding fuel-use rates applicable to house

that when these “standard” flue-loss rates are
reduced on a straight percentage basis through-
out, it shall be recognized that the minimum rate
of 3.4 applics at O velocity, regardless of the
“efficiency” attained in actual winds of 4 m.p.h.
and over. There being no such thing as a day
without wind in the Plains, this scems academic,
and intercéts us only hecause this minimum can-
not be connccted with the curve representing,
say, only 53 percent of the standard flue losses,
without affecting values up to 4 mph. Thus,
at least the lowest line of values in Table 4 would
show a greater “flattening off” of the ratios,
which is logical.?

However. hoth of the “alternate” columns
which are inserted in Table 3 are based on a
combination of flue losses computed in this man.
ner and also hy comparing the 1930 rates with

total losses fram the house.  The logic of this is

"This is meant in a practical sense. Except with oil-
burning plants thermostatically controlled, a stove or
furnace which is adequate for the more severe weather
simply cannet be “hedd dovn™ to the lowed demands
upon it.

of normal propertions.

that, while flue losses may tend to “behave”™ like
infiltration losses, actually the probability of
their being large or small depends on what the
total rate of loss from the house is, and on how
hot the fire must be. The curve of ratios’in this
case is quite a different thing. and the combina-
tion of the two calculations may tend to elimi-
nate any error in either method.

If these “alternate” values are preferable, the
data actually employed will be found to be in-
significantly affected through the velocities of 8
to 14 m.p.h. which will ordinarily be used in any
caleulations. Here the ratios given in Table 4
may be too low by from 210 4 points in the third
integer. At the ends, however, opposing errors
of somewhat the same magnitude, possibly as
much as 3 to 4 poinls & second dateger.
may be invelved.  This would affect the inte
grated result hereafter referred too which actu.
ally employs the entire gamut of velucities, b
ag nearly as can be seen without a complerr

1 the

m

cheek the Integrated result found cud veed i< wel!
on the conseivative side.
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Notr, Figures for wind velocity
in cach case is determined by dividing the luel use per hour on the <ame line in the preceding column by the nel nee per hour

alvs <hown in wtaliess The “ratio”
in e e above,

gL



SHELTERBELT INFLUENCES

SUMMATION

As has been implied, besides showing fucl-use
rates for seven temperature levels. the results are
put in the most usable form in Table 4. The
assumption is that reductions of wind by wind-
breaks are more likely to be of the general order

“of 35 percent than any other, and that if they do
not vary too widely from this standard, or say
within the limits of 25 to 45 pereent, it will be
sufficiently accurate to assume that the reduction
in fuel use (the complement of the ratio given)
will be proportionate to that computed for the
35-percent wind reduction, at the proper initial
wind and temperature level. If there is any
doubt of this, it will be quite simple to calculate
the fuel-use reduction ratio for any initial veloc-
ity and percentage of wind reduction. Straight-
line interpolations between even miles per hour
cannot create any serious error, although in pre-
paring Table 4 interpolations on the curve have
been made.

All of this permils ready calculation of the
percentage of fuel that can be saved, without
having to think in terms more technical than the
present amount of fuel used per season, or its
cost. However, it should not be inferred from
this that sound predictions can he made without
(1) at least a qualitative knowledge of the pres-
ent heat loszes of the house and whether they
are high or low becausc of the character of wall
construction (and insulation) or because of
losses around windows and doors and through
other cracks’such as those which all too often
occur at caves and foundations; and (2) a fairly
exact knowledge of the wind velocities to which
the house is exposed,® and the temperatures of
the hceating scazon, although some error in the
latter item will have no important effect.

’It is very unfortunate in this connection that, al-
though all first-order Weather Bureau stations have for
years obtained wind velocity and dircetion records, these
are not comparable for different station: because of
variations in cxpozure, nor can they be said to represent
the wind velocitics of the open country nearby. It is to
be hoped that, a~ a result of present observations on
flying ficlds, it may be possible ta build up a framework
of data to show actnal velocities at various elevations
above open greund.  Even these better readings, how-
ever, are not to be taken as representing velacities at
the stated clevations above gronnd; anemsineters are, a-
before, generally 12 fert above the bnilding ool wnd
the cffcet of the building cannot be iznered.

/89
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INTECRATION OF RESULTS To Seasonan Bass

It has already heen emphasized that fuel-redie.
tion rates or ratios are specific for certain wind.
and temperatures and combinations thereof, and
the ratios shown in Table 2 elearly illu-trate thi-.
On one day, with a 20-m.p.h. wind and zero tem.
perature there might Le saved 35 pereent of the
fuel, while with the same 33-percent reduction in
wind, for a temperature of 30° F.oand a wind of
10 m.p.h. the saving would be onlv 19.6 pereent
of the fuel which otherwise would have heen con-
sumed on such a day. Moreover, that basic fuel
use would have been slightly more than one-
fourth as much (1,619 against 6,257 heat units
per hour) on the milder of the two davs. While,
then, the table may be used for direct estimation
of savings for short periods representing specific
weather conditions, it is evident that only by
adding together the amounts of heat that would
be used in all of the different kinds of days that
occur in a heating seazon, and cach of these in
its normal proportion, can it be ascertained what
the fuel saving is in terms of the winter’s [uel
bill.

No attempt has been made to do this except
for certain combinations of conditions which
are fairly typical of the Plains region as a whole.
The integrated results to which reference will
be made will not be at all applicable if the cor-
relation between temperature and wind veloeity
which occurs in the Plains does not exist in the
local climate. For example, a locality in which
the winds of higher velocity occur in®the coldest
months would reverse the Plains correlation, and
hence would produce a different integrated re-
sult for the heating scason.

Primarily to determine the frequency of oc-
currence of winds of different veloeities, hut also
to bring out any exizting correlation between
wind veloeity and temperature. wind records
from the airport at Huron. Seuth Dakota. for the
heating seasons falling within the calendar vears
1010, 1941, and 1942, a total of 839 davs. have
been elassified to the nearest mile (2 Lhour aver-
ages, only, usedt and the duvs ca which each oe.
curred classified as to temperature in degree
group=”  The mean velocity for ol Jdivs v
13.038 mophe, the extreme veleeirs o 370 ]

“The nupublished data necessary for thees
tions have been furnished throurh the e
BoR Lackowski, coction dirocter of the Ve
reau at Huren
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R sPrreovsoy o Days Hovvone Mo
Vooaa N Dissaeyy Lisers, Fxenvssep as
i Valood THE SDasoNAL AV

IS B Percentof ave, wind velocity

[} 43

N 61

Y 80

19 100

135 120

I 140

R 160.8
3 196

3.5 m.ph.. and the mean temperature for the
4 + season iz 35.70 degrees. but during these
vears averaged about 2 de"ref;a above tllx~ nor-
Velocities are c.\presscd as percentages of
this average, as it is believed the same relative
scale may be applied where the mean velocity
is either hwher or lower.

maln

Since the writer knows of no such data being
published, and it may be helpful in other rela-
tions, wind frequencies are shown in Table 5.
Onlv al the extremes where the groups are not
well filled out have exact averages been com-
puted.

While these calculations are for the heating
sczson of 279 days in this particular case, it
be assumed that the relative {frequencies
would nat be changed appreciably were the heat-
azon ~hu.ler. or were the entire year em-

‘hou"h the average velocity for such

mizht be higher or lomr.

to correlation between wind and tempera-
ture, this is mainly due to a marked rise of wind
with increase of temperature in March and April,
with only a slight wind recession in May, this
being tvpical ef the Plainz as a whole. This sea-
onal relation is not obsecured by a contrary trend
n the {all.

Thus, with adjustments nccessary to put tem-
peratures on a normal basis, and to reduce the
Huron a gupori velocities to those whick are lik 01)’
to prevail al 12 Jeet a}mv(, ground, or approxi-
mately at the middle of a ‘7-~ton }lou~t,. the 838
heating-seazon days have been divided into four

periods showing

— o

the fol lrmm" churacteristios:

Aveovel 12 11

Avel teng, Bl aboyve ground, mop o

K 9.76
21 1045
19 1169
61.25 1111

TOL 0 Gequiting o furlaa)

the assembled data to show

FORESTRY

This tplies that, to obtuin an integrated heat-
use ratio, the amounts of heat use with and with-
out a given wind reduction should he worked out
for the four temperature levels, and within these,
for cach of the eight velocily levels shown in
Table 5. Having pcrformcd these caleulations
for each temperature, the four will be combined
in the proportions shown by the number of days
for cach,

The integrated result in this case, for a wind
reduction threughout of 35 percent, is a ratio of
7791, This ratio is found, by Table 4, and at
the mean heating-scason temperature of 36°F.,
to apply at a wind velocity of 11.80 m.p.h,
whereas the mean 12-foot velocity is 10.795

m.p.h.

In short, then, due to the far greater import-
ance in the season’s total fuel use of the minority
of days having appreciably more than average
wind velocity, we are justified in assuming lhat
to rcad the fuel saving somewhat directly from
Table 4, one mile per hour may be added to the
true mean velocity which is applicable in the cir-
cumstances. Withal, the effect of temperature on
the ratios is small, yet it is obvious that in a
climate in which the highest wind velocities were
associated with the lowest temperatures, the sig-
nificance of high-wind periods would be still fur-
ther augmented.

A separate calculation has been made {rom
what effect will result
from the tendency with nearly all windbreaks to
give an increasing percentage wind reduction
with higher velocities.?® If it be assumed the 35-
percent reduction of wind is obtained at average
velocity, and that this increases or decreases 0.5
percent with cach m.p.h., the effect of this added
factor is to change the average ratio of 7791
only to .7757. However, as this rativ applies at
a velocity of 12.05 m.p.h, it more firmly estab-
lishes the fact that the full mp.h. may be added
to the mean, where long periods and a great
variety of winds and temperatures are involved.

VA 3w

indbreak of a given type does not reduce the
wind by a given nutiber of miles per hour, but more
nearly ]:y a given pereentage at all timess Actoally, this
pereaniage, al e U pesd sooneredases as the wind
veloeity juereases, <o thay for example, if a S-mep . wind
were deeriy il X peereent, or ] mph a I5-meph. wind
might be deereasod T3 pereent, or 375 maph. Sinee

that thi- change may be di-

caleulations here
regarded, 30 we determine e pereentage by which the

ot

3 s
b

wind i roducsd wany wed an veloeity, this pereentage
may beanplicd o the toe mean veloeity for o season,
vith in frnifeant eiror
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Decree oF Winp Repuetion 1o se Exrecrten
Froym Trer Berts

Tree belts placed about farm buildings may
give much or little protection, and in the north-
ern Plains may complicate or simplify the prob-
lem of snow drifting about building<, according
to their placement, composition, and density,
and, of course, their height. While even the pro-
tection near the ground line given by a thick
hedge may be helpful, obviously the trees should
be taller than the house to be protected to obtain
the kind of results which the test houses have
brought out. Very close to the windward side of
a belt, air currents produced by strong winds are
being “shot” upward, but they quickly turn down
again, and over the top of a wide grove should be
thought of as horizontal, with a tendency to dip
as soon as the edge is reached Height is not so
important therefore, if the house may be placed
‘quite closely in the'lee of a narrow belt. But
again, this may be an area of considerable snow
settling.

Of all the items which aflect the degree of wind
reduction, it is safe to say that none is so im-
portant as the area which may be devoted to
trees. While two rows of trees do not have double
the effectiveness of one, and the value added is
less with each row, it is only through mass effects
that very complete stilling of the air can be ob-
tained. It has been pointed out that the 70-
percent reduction in wind caused by the circular
barrier used in this experiment could hardly be
duplicated for winds from all dircctions, or, for
the average, anywhere except in an opening more
or less in the center of an extensive grove or
forest; and that if this is to be an opening of an

" acre, so that the yard is not encumbered by trees
at all, the grove must be, let us say, 70 feet high.
Even in such an opening one would naturally
seek the north side to obtain best protection for
a house, and in this opening there would he lit-
tle or no problem of drvifting snow.  With such
protection, the data of Table 4 show that where
the mean heating-season temperature is 20° F.oa
saving of 42.1 percent in fuel might be made
(using the 12-mephe line), or for 0% tempera-
ture, 39.9 pereent, these values heing roughly 1.8
times the saving to be had with wind reduction
of only 35 pereent,

With many fanmsteads, it is feasible to e a
substantial helt only an one <ide of the howae, m

Almost invariablv the north side

al most two.

which must be taken into account.

[N

will be first clioice, UL pussiblv. the hous: it

close to a road on that side, or to other huildin -
the west will be second choice in the nartliora
Plains, but of considerably less fmportines or

value farther south. In the northern Plains not

only arc north and northwest winds omesho
the more persistent through the heating s2as0n,

and likely to show the most extreme velecitiog

but also temperatures are 4 to 5 degrees loyr
when the winds ere in'that quarter than

1
YWhCh

southerly.  Since snow drifis in mainly from the
north or north-westerly direction, there is added
rcason for having the belt on the north, but only
if it is of suflicient width to form a snow trup
may best advantage be taken of a position cloze
to it.''  With narrower belts, both snow move.
ment and actual wind protection at.the higher
velocities dictate that the distance shall be more
nearly five times than twice the height of the
trees.

Such being the facts, it is desirable to observe
just how good is “one-way protection.”” Unfor-
tunately, there is available but one set of read.
ings, on a hardwood belt, covering a sufficiently
long period in the winter (with the tress lea9ess)
to give representation to winds of all directions
Even the:e
observations are deficient, in thut there are no
comparative readings except at an elevation 16
inches above ground. These, however, show less
effect of ground friction than ysual, as a good.
somewhat wavy blankel of snow covered the
ground during most of the period. This east.
west belt at Huron, S. Dak., was studied during
February, 1937, and is believed to be fairly typi-
cal of the better farmstead protection commonly
obtained from the hardwoods which were alinost
exclusively used in carly plantings. Tt was 200
feet wide, with the cottonwoods. which vecupicd
the north half, 70 feet high.  Green ash trees
about 40 feet high, in the south hall. kept the
belt as a whole from being as open. below, as it
would otherwise have been. AU of the trees were
old, however, and there was seant undergrowth
(Fig. 4.

Micchanically, there is loss ditference hetween th
ditferent sides of belts, in protection given, than
be <upposed, if seasa < be considered,
nonh side of 2 i< ognite unt
the windd can oo ~ay, fonr-
much protection as b
which wgake pe 10
n-".fll. !\U'- CNeT e

arch

e this ot e

for <now i,
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ot e e e 2T davs messurements savings of fuell as expressed by percentages,
e N sh e svenise wind equivalent to come at the times when the fuel use is high,
1205 otan clvation of 12 feets while the I'he question remains as to whether the meas-

“cround contral” at 10 inches above the snow
level averaged 0.02 According te Huron
Wosther Durean records. 2ll northerly winds ac-

m.n.h.

counted fer 558 pvrccnl of the mileage, while
normc*]\' quariers, ~\\'cr320
16° F. Under these circumstances, a point 3-H,
or 210 feet, south of the edze of the belt showed
the lawest average velocity near the ground, 00.2
percent of that at the controls. At 2.H it was
G2.2 pereent. As with many other belts of such
open character, and with slat barriers, higher
velacity was ehO\\ﬂ at the leeward cdge of the
belt—75.9 percent in this case. Ba:cd on the
showing at 3.H, assuming the percentage reduc-
tion in wind to be the same at 12 {feet as at 16
inches. but reading Table 4 at 12.5 m.p.h. (for
a partially generalized situation) it is found a
40-percent reduction at 16° temperature should
reduce fuel use to 2.017 B.tu. from 2,783, or
by 766 B.t.u. per hour, or 27.5 percent.

For a total of 150 hours it iz possible to segre-
gaie unmixed northwest winds covered mostl)
h\ short intervals between observations.  For
this lime the average 12-foot velocity is 12.35
m.p.h., that near the ground 10.64 m.p.h., and
at the “low™ point, 3-H south of the trees, 5.01
m.p.h. or 47.1 percent of the control. Tempera-
tures with such winds averaged about 13° F.
Again using 12.5 m.p.h. as the base, and 5.9 for
the reduced velocity, the heat quantities involved
become 2,990 for full .wind, and 1,933 for the
reduced wind, a saving of 3,057 B.t.u. per hour,
or 35.4 percent.

temperature was

For two corzecutive days wind at the control,
{or 12-foot clevation, averaged 18.93 m.p.h. from
the northwest, the ground wind 1524 m.ph., and
that a1 3-1} south of the belt 6.66 m. p-h., or 45,7
percent of the control, while temperature was
about 15° I Aczuming that the 12-foul velocity
with prulcclinn vas 8.25 mopho the heat values
involved are 4162 Dot for full wind and 2,232
for reduced wind, o reduction of 1.950 B, and
A0 percent.

These Jatter vilaes of conrse. represent shor
periodss The perpose in discusing them in de.
tail iz, In part, to chow the
p]m b v of the tebolar datie hut wore pare

tisvtarly to enplinsize the point that the greates

method 1o Le cme-

urements made on this belt may be considered as
representative of the heating season as a whole,
with application to the climatic conditions where
made, or to others. In attempting to answer this
question, the fact that the south side of this belt,
during the measurements, received more than
normal protection from north winds may be
pitted against the {fact that the reduction in wind
velocity, in this case as in all similar cases, un-
doubtedly would have been greater at the level
of 12 {eet, than at the level of only 16 inches
above the snow blanket. This applies usually
out to a distance of 7-H to &-H, and is particu-
larly true of stations close to the belt or bar-
rier. We may take it as an assured fact, when-

ever the structure of the barrier is such as to per-

mit marked currents of wind to “blow under,”
and to show higher ground velocity immediately
to leeward than at points somewhat farther away.
This characteristic has been noted with the slat

A
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Old cottonweod and a:h belr

Fig. 4.

SD-5, as <een from the north approzi-
malely wlong the Jine on which wind
velocities were measnredy 200 fect wide,
cottanwoond: on near side 70 feet high,
Younger trees ofler e 1
through preater Tinbine.
i ine,

d-tance
a o=t adong

'y




P

SHELTERBELT INFLUENCES : 15

barriers which are of the same “density™ from
top to bottom. and is even more likely to be
noted with old trees which offer little resistanee
near the ground. ‘

Althongh data for this belt were not taken, a
setup on an ash grove, 10 feet high, with meas-
urements made in September, 1925, after the
leaves had dried and were partly fallen, gives a
clear indication of the nature of the phenomenon.
Velocities above zround were not, in this case,
taken at a control station (except at 16 inches
and 16 feet), but rather at 3-foot intervals on
“towers” erccted at a distance of 2-1I both on
the windward and leeward sides. However, the
windward station velocities may be adjusted to
control-station values, at least up to a height of
16 fect, by very simple relations.

With or without this adjustment, it is found
that at all wind velocities above 10 m.p.h., the
leeward station shows the lowest ratio to wind-
ward velocilics at the elevation of 15 fcet, while
with a wind of about 5.4 m.p.h. the 25-fool level
showed the greatest reduction. Selecting a NNW
wind of 11.73 m.p.h. as nearest to the means
that are of interest, with the adjustments, these
ratios read .54 at 16 inches, 447 at 5 feet above
ground, .396 at 10 feet, and .378 at 15 feet.
From this level they increase to approximately
.600 at the level of the tree tops. Thus, inter-
polating for 12 feet in elevation, we have a ratio
of .389 to compare with the “ground” ratio of
.544 in this case. Certainly we may count on a
fifth greater reduction of wind 12 feet above
ground than where the observations were habitu-
ally made for close-in leeward positions.  The

same eflect occurs in lesser degree when' the

same station becomes a windward one. TFor this
grove there was, at 2-H on the south side, a gen-
eral wind reduction percentage at 12-foot eleva-
tion at least one-cighth greater than that indi-
cated by the anemometers at 16 inches clevation.
It is our judgment—-going back to the grove
measurad under winter conditions—that the same
effcct would prevail there to the extent of about
one-tenth, and that this would just about counter-
balance the lesser frequency of north winds in a
full, normal winter, '

A fully integrated, normal “beneit™ from this
cottonwood and azh grave wouldl therefore, be
obtained by assuming that the normal wind for
Huron, which is about 108 moph, ar 12-oot
elevation, would applv. and that the reduciion

at this clevation (probably more coitainiy ob.
tained at 2-H than at 3-10) woult he 89 perecne
as first stated, and that the nican heating seaaon
temperature wonld be 36° Foo As already pointed
out, the integrated result i~ that which applivs at
a velocity of 11.8 m.p.h.; the rativ is 779, the
fuel saving 1> 22.1 percent for 35-peraent redne-
tion in wind, and when extended one-weventh for
the 40-pereent reduction becomes 23.2 perernt.
- It is surprising to note that no data are avail-
able giving a sound basis for a substantially
higher eatimate of fuel saving than was chtained
in the case just cited, for a single belt or what
may be termed “onec-way protection from rnorth
winds.”  The only conclusions that can logically
be drawn from the data studied in this connce-
tion are that slightly better results are ohtain-
able with a more compact type of windbreak, if
the position is the very best possible; but that
actually the open, screen-like tyvpe of belt is far
more effective than its appearance indicates.
Particularly effective hardwood belts in the
Plains region have shown summier wind reduc-
tion on the leeward side, with direction eszen-
tially normal te the axis, to be as great as 70
percent within a limited area.  Such reductions
are obtained only where there is gond suppnrt
by underplanted or flanking treces, so that rela-
tively little wind can move under the main body

“of trees. This is the tyvpe of protection one

would expect also with conifers, and they should
have the advantage of giving the same degree
of protection in winter as in summer.  DenUyvI™
has given the results of a number of measare-
ments on coniferous belts in DIfdiana.- Using
his data for “density clazs 37 and for wind of
15 m.p.h. in the open, his reduction fizure of 73
percent scems possibly applicable to the type of
growth that is attainable in the Plains.  This
applies at a distance of 2-H leeward. under the
same limited conditions as to wind direction.

However, obscrvations on harriers at Miller,
S. Dak., over a period of about three menths in
the late winter of 1937-35. show that, when winds
of all directions are considered. there may be ex-
pected at a point 2-H south of the barricr anly
about 65 percent (for salety, say 63 pereent) of
the wind reduction that aceries when such point
is definitely on the leeward =ides T thevefore,
follows that with the Best or most compact type
of windhreak the gencral veduction on the sonth

D Ill':-i. Daniel. Zone of eife
ence, Jour, Forestey S0
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will not excond 45

le, for Piaiss conditions,

peteont, Thiso plalnhvl 3 no great gain over
the cottenwood belt

With respect to two-way protection, data fer

zble basis for estimating the value of 2 pro-
tected “corner.”  As has been stated, in the
or, when possible from both directions, iz com-
monly sought. The barrier position was in reality
a west corner, not a northwest corner, and being
in fact between two parallel barriers set to meet
northwest winds, primarily, was also not en-
tirely free of protection from the south or south-
east. However, as the one-way protection at the
center of this barrier was affected similarly, we
may compare the corner with the center without
{further correction. Ordinarily, a point only 2.H
from the barricr, and the same distance in from
its end, will have, by comparison with the cen-
ter, much less protection. With similar protec-
tion on two sides, the end or “corner” position
over a period of about 35 days, with better-than-
average velocities, showed nearly half again as
great a reduction in wind. The actual averages
were, at the center of the barrier 33.1-percent re-
duction, and at 2-H {from its end, with the sup-
plemental protection on the southwest, 46.3-per-
cent reduction. A station at the center of the
“end- or cross-barrier showed only 33-percent re-
duction, while at the southerly intersection (pro-
tection frem southeast and southwest) the reduc-
tion was 39 percent.

If, then, it be taken that 40 percent reduction
represents a fair maximum for onec-way protec.
tion, it is apparent that a house located in a west
or northwest corner, protected by two similar
belts, may well expeet wind reduction of 55 per-
cent.  This iz just halfway between onec-sided
and all-around protection.  Dased on the normal
Leating-season conditions for Huron, this im-
plies fuel-use reduction of 33.0 percent.

Varue or Fuen Savines iv DirveReNT
LaTiTunES
I diseuszions to thiz point the fundings at
Holdredze he
binution of wind and temperature found at
Huron, 8. Dak., 2olely hecanse it was most feasi.

vio heen applied only to the con

Lle 1o combine all of the elements in the prole
lemn from dets ebtained in that vieinity,

It s evident from-Table 4, since inerco-ine
: r

wind veloeity avgments the value of wind reduc.
tion, while lower temperatures do the same in a
less matked degree, that the value of a given
amount of protection might either increase or
decrease from north to south. It so happens, for
the stations for which it is feasible to develop a_
reliable measure of prevailing wind velocities,
for the clevation of 12 feet above ground and
represcntative in all cases of extremely flat ter-
rain, that there is a sufliciently great increase in
wind velocities from north to south to compen-
sate for the shorter and milder heating seasons
to the south. As shown by Table 6, there scems
to be a strong probability that, if the same merid-
ian were adhered to throughout, the percentage
of fuel saving would prove to be slightly greater
in Kansas than in North Dakota. This, of
course, is on the assumed basis of 40-percent
wind reduction throughout. If actualities werc
considered, there probably would be little or no
difference in the average case, because it is con-
siderably more difficult to develop tall and dense
shelterbelts in the southern portion of the Plains.

Of greater importance than the percentage of
fuel saved, of course, is the actual amount for a
season. -To make clear the magnitude of sca-
sonal amounts, there have been inserted in Table
6 the hourly rates (interpolations of Table 4)
both with and without the indicated wind reduc-
tion. Mulliplying the use per hour in the latter
case by the number of days in the healing sca<on
gives relative valucs on total fuel use, found to
be roughly 277M B.t.u. in Kanzas against 450M
B.t.u. on the cdge of the very celd Red River
Valley in North Dakota. While this is a ratio
of about 6 to 10, the larger pereentage which it
is possible to save in-Kansas makes the seasonal
saving there worth about 0.67 times as much as
in North Dakota.  In this respeet, the North
Dakota and South Dakota stations give almnst
identical reselts, as do the Kanzas and Nebraska
stations.  Theze culeulations tuke no account of
diflerences i heating by sunlight at various
latitudes.

Orranine Wineg Prorection v tin Prass

A redution of even $15 to 820 annually in
the fuel Bill, tozether with the reduced Jahor of
handling, and the greater comfort which may
be attzined throvgh ability to heat different parts
of a house mure evenlv in the wiidiest v cather,

justify not only pivieg constlin ble care 1o the
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placing of shelterhelts about farm hames,*® but z z - = .
also devoting consziderable space to theni.  Only TET ozf i o5 oa v
by the latter may the best results be attained. =77 ZT
Unfortunately, throughout the Plains, protec- iz i
tion from wind is inseparable from the problem £Z 2 21I8ER 2

ifti it i i c= o aRTE =
of drifting snow, and it is for this reason that TEEzESTTT P
the planning of protection deserves great care, 2 = == E
else the advantages may be largely halanced by 2 - .o = =

. . . . el =2 o &R & S

the setting up of new difficultics in the way of = 2513 5 g&e I E

. . . . W <= me=oa -
shoveling paths, confining livestock to their z =7 - z
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2 ta 3 rods of the trees, and this marginal space
should be left. Completeness of protection de-
pends, of coursel on height of trees relative to that
of house. )

2. If the grove of trees is of small extent,
say not over 1 to 3 acres, a notch cut out of the
southcast corner will offer the best protection
from north and west winds; and there is also
some reduction when wind is from south to east
and “‘banks” against the trees. There may oc-
casionally be drifting of snow when falling, with
casterly wind, but this is unlikely to be scrious.

3. Creation of widest possible belt to north
and west of buildings, or at least to north, with
massed outbuildings giving protection on west.
Unless width of belt is 4 rods or more, or density
is maintained by encouraging all possible under-
growth, snow may occasionally drift through.
This can be very largely eliminated by planting
a second narrow belt or tall hedge—after original
trees begin to lose lower branches—3 to 4 rods
outside of the main belt, forminz between them
what is commonly called a “snow-trap,” for snow
which may blow in from open fields. Divide
this by cross hedgzes if length from east to west
is over 100 feet. The snow trap area often makes
an excellent garden tract.

4. Where space permits only a very narrow
belt to north or both north and west of dwelling,
drifting both during storms and later may be
expected; and because of this the house must be
set back far enough to make certain the drifts
do not encroach on the doorstep. There is a
tendency to feel that with only one or two rows
of trees possible, evergreens must be used to ob-
tain good protection. The danger in the Plains
is that some of the trees will prove shortlived;
and, as death causes gaps in the “solid” barrier,
through which snow will be readily carried, the
drifting problem may be as great as with de-
ciduous trers. This, azain, is likely to occur
hen the conifers Joze theiv carly, bushy form,
It is strongly recommended thal a row of coni-
fers always be flanked by another row of thick-
growing hardwoods, Each row should have space

so  thst the trees will retain their

bronehics and alo may grow a litdle taller than
trees which wre crowded, becanse of having more
ground to dease npon for majsture, Tre thiz way
the shower growing conifers will not Leeome

.

overtonned and el

4

5.. For the yard already so developed that
there iz no room for a belt at the more desirable
distance, and for hill-top sites where poor tree
growth and the slope of the ground, make it next
to impossible to obtain protection from trces
several rods distant from the house, a “direct
screen” of trees is probably the most practical
means for obtaining modcrate protection. This
means placing the trees so close to the house—
preferably on the north and west sides—that they
at least bear the brunt of the wind's pressure.
Obviously this a place where a compact mass
of evergreens would be highly cffective, while
they will not be exposed to breakage as much as
though they were standing alone. :

In this case we do not attempt to avoid snow’

drifting, but so confine the scope of the trees
that it will be little more than that, caused by the

"house itself, and will consist principally of

“streamer” drifts to leeward. Evidently the drive,
if any, would be in safest position to the north
of such trees. Piling of snow against the house
will do no harm where there are no doors; but

_if it is an impediment near the ends of the L-

shaped screen, for example, it can be avoided by
keeping the lower branches trimmed off.

If the single row of trees close to north and
west walls can be somewhat “supported” on the
northwest corner, so as to form a wedge pointing
into the strongest winds, the effectiveness will be
greatly increzsed. In this case the outer trees.
or point of the wedge, should be of less height
than those near the wall, so that the wind is
“lifted” as well as being diverted laterally. In
short, design this wedge or point like the point
of a plow or the pilot of a locomotive.

ADDENDUM

The mean 12-font wind velocity at Huron, 10.8
m.p.h., which iz used as the basis for several
carlier caleulitions and appears in Table 6, ha~
been found to be too Tow. Tt 3= believed that it
represents the generd! latitudinal trends, however.
hetter thau the true local ficore, and for this
reason the cal-ulations made on this basiz have
not been chanzed. Retention of the Tower fiz.
ure here tensds o keep the implied henefits on
more cons vative hasiso The troe veloeity will

he show i thee et angiele of this weries,
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