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II. Th.· Vall!e of Shdtt'rlwlts in Hou"e-lh';lling 

c. C, Bate/ 

:\ ~ ,t".:.,: I; .. ,·~ pnltl',:in;! Ih,' farm hnm~ W3:' t'~til1lak,1 by farm 0" lll'fS in "a~tl'rll South 
11.,:; ,:~ : • rc.!" .. ·.· :::~ fud bill about ~5 p~fl·rl\t. 3ccordinj! 10 a :,urn'y conducted by Iht' Shdt~rbclt 
a.!::ti~,:<~a::\" f .~,'p in 1935. That tl:i~ i:; wdl within th~ lilllit~ of a belt giv'ing sub:;tantial pro· 
t,·,::,,:\ 'r.!y fr,,::.: nc'r:h~rly winJs. i5 5h')\\'n by t!:t· expcrilll<'ll!al data ht'ro: prt'5"Rled and analyzed; 
"h:> ;o~,):cdiL':J irt)!!! btlt!! ,,,,nh and west winds may inrrca5~ this ~ullstantiatl)'. and all·around 
pr,.:u:','n in Ih .. c .. n:rr of a grove or forest might effect a saving of ·10 pcr~cnt: The experimental 
d.ua h,l\'c b"cll adjusted to actual heatin!; conditions of the typical farm home, and calculations 
ml.!C' fe'r wind ::md tempc:raturc conditiol\:; which pr~\'ai1 at four difTcunt Iati!ude:; in the Plains 
l't'gi,.n. Th.·;(' {",ct. should di,;courage' the rt.'m(}v:lI or too severe thinning of {arm,;!I'ad groves in 
'the prt':'('nt C!llt'rgeIlI'Y, with a view to e!Iecling ~a\'in;!" in coal. Tolal fud consumed may be 
much ):re;ltt'r if the rrotccti\'~ hdt is weJ\;ent'd, and only dead wood could profitabh be employed 

to replace coal. 

THE hOU5t·ho!der _who has had to heat an 
i~olated home, or one not well sheltered by 
m,tural 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 on a calm day of comparable 
outside temperature. 'While the extent of such 
increase depends much on the type and quality of 
house Co::t5truction (th~ "snugness" of the 
house), there remains an ~ne'iitable relationship 
between amount of wind, or of wind exposure 
of t..~e individual hou .. e, and fuel requirements. 
There are also certain associated effects of wind 
upon the immediate environment of the ,house 
which have mad!;! it seem desirnble to approach 
the subject not from the standpoint of the archi­
tect or heating engino:::cr but from that of modify­
ing the environment. The results which are here 
de,;crihed must be considered as somewhat spe­
cific for tf,e given climatic conditions of the 
Plains as cxpre:;5ed mainly by wind velocilit!~, 
winler tf:!I1peralure<;, and sun~hine duration allll 
intensity. 

BACKGROUi'iD OF THE STUDY 

Nearly all the early settlers on the Plains were 
faced with an extreme shortage of fuel and, at 
the same tim~, with almost eoinplete Inr:k of pfO. 

tectiO!1 from winds whjr;h roarncll the plain!' 

IT}\!" fir-t arti,"I,· ju Ih:;:, ~'·riJ·'-.t HGf~nf:ral IJ"Q'ription 
of :-::tlidif'" ~.L!/:(':· .JPf:f J:·;,1 I,p f1:lg"" BH-fj~ (J( tit,! Jour· 
Ilal "f ~·f)f':.tr)' r"r (-"'},ruary, J~d;j, 

2Pri!J(:i~J.:d ~ih'icill:lJli,=t, I.:l}:r; ~tatl:s F'Jrl;...t Experi. 
,":-':nt ~t?~itln. r~tJ.in:ai.r~.·d ;l~,;~f. }Iaul. ~tiHn .• in ('qqpf:ra· 
tJr'fj '{:i:n tlte tn",·';r-::·, "i .\;~nrlf"'·I.,t:~. f;ratl:fIlJ :.Jf:k'1lJ\';I· 
I·f!;.'~r:f·n: i~~ rna.f.. 'I} (.,'j), jL:~rn.u! .'!lIri P. J. \V:It1'·rlwr;.!~ 
jl:nif1r fqrt·~t'·:·. fur ~i;~ '-:;,.f/ flil f·Xf·I·II!~·JlI fIr ,li" t('·"l· .if.. 
LcriL"d h,·rrb t ..... hlell f"rTn Iflf. l.,~:.; fIJI' '·:!;·III,lli,,!!,·, 

}7(. 

"without let or hindrance" and were often of 
gre.at 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 'mIls of logs, where obtainable, or dugouts 
where the protection of a south-facing bank 
could be had. The improvident O,r latecomers, 
attempting to pass a first winlerin a tiny shack 
of boards and tar paper, hovered on the lee side 
of the stove and wished that the shack had only 
hali as much space to be heated. 
. A natural reaction to these cOl1dili~l1s was to 
plant windbreak:; of trces. Some settlers did this 
almost as soon as any ground could be broken; 
others were encouraged to d(> so by the "Timber 
Culture Act" (1873-91), which made the plant, 
ing of a given acreage of trees (in Jieu of longer 
residence under the Homestead Act) a pre· 
requisite to oblaining title to the land. Thc set­
tlers w.ho were foresighted enough to make this 
provision founrl themselves in possession of bel­
tcr building sitcs by the time tllt:ir own first 
battlc" had been won and railroads had suffi· 
ciently opened the country so thal grain qop" 
could be solU for cash. 

TbislilOe coincided with the free flow of white 
pine and other good building lumher from the 
Lake Statcs into the northern and central Plain,; 
region!=< and, a little laler, with the similar flow 
11£ southern pine luml)e!' into the central and 
southern Plains, Fur tlwir mOl't! permanent 
homes, IhercfQrr', the ~elllers had ineomparahle 
building material; amI, as a general rule, large 
and roolllY, 2·:'tnry "~quarc houses" were llUilt. 
i\ ~tr ikill~'. f.:atuw of the northern Plaiu<; i~ th{' 
f:(I'1 Ih:d Jlot nJl))' an' the hOIl~('s often huill 011 
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the mo~t eXjlo~ed hilltup,;, but :11,,0 tllf~r :lrc ex· 
.trcmdy tal!, the Il'~s prctentiou:; elJlulating till! 
more eX~Il5ive in this respect if in no· other. 
That in ~III unuulating glaciated region the lower 
ground offering some protedion from wind is 
swampy, and hence un:;uitable, is of course ap· 
parent. But nothing could have justified this 
particular type of architecture, whieh under the 
circurn;:;tances is out of place, foreign, and "out· 
landi~h. " 

Without mllch question farm buildings, e:;· 
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 material;; 
available, hecause 01 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 cOllstruction. If this sug­
gests to architects and insulating concerns that 
there is a very great field for the improvt!ll1ent of 
farmhouses, so much the better. Insulation is 
undoubteulr desirable; however, before that 
pha::e is considered, the architect should have 
aD opportunity to revamp radically the exterior 
design of thollsands of house:! in the Plain$ reo 
gion which arc "wind traps" of the worst possi. 
ble kind. 

The points to which thi5 "background" dis· 
cussion leads are simply these: 

1. Although trec planting in the earlier years 
developed protcction about the original farm 
hOlTle, or the later building oftcn was placed 
wher<! th(!rc wa,; such protection, this was by 
no means universally true. In the northern 
Plains, especially, the custom of erecting houses 
011 hilltops has placed many where trc-es grow 
Dut poorly, and where it is most difficult to 
obtaill prokction in ~\l\y case. In other ca~c:;. 
the grovcs ha\·c died out because of actual senil· 
ity or lack of carc. 

2. In referring to thc possihle benefit:; from 
wind proteCtion it should he kept in mind that, 
broadly speaking, the 1110st c:.:poscd farmhouses 
arc oftcll vcry loo~ely COIl~tructC(l. It wiII be 
mad,· plain what this meuus ill a lli"eu~;;ion of 
the IHI~:<i"ilitie.:! of heat los:;es h,!illg :1~)I"ttcfl by 
wine!. 

A ~ur\'ey of fnrlll~ in ea.;lt:rn South Dakota. 

conducted a!\ an adlTl!ni.,tr:ltin! pha:>e of the 
Prairie States Fore,,:r:; Project, showed that there 
is a general apprcciation of the value of ..... ind 
protection. Even in this fairly favorable terri. 
tory, however, not all droves were successful nor 
are more than h:lJf of the farmstead,~ reccivin3 
the protection they mi~ht well ha\·c. The survey 
aimed to get an o\·er·all e5timate of the value 
of a good ~hclterbclt or grove as a fuel saver, 
through opinions both of the farmers who h:l\'e . 
them and those who have none, or Ie~s than they 
would like. The concensus of both groups was 
that such exterior protection would reduce hy 
about 25 percent the winter fuel bill, which 
without the grove would average approximately 
S80 per year. 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 a-rc rarely heated 
throughout to the degree that city dwellers con· 
sider normal, and that bedrooms often arc heated 
very little, a fuel co;t of S80 per year may seem 
a little high, hut probably reflects the fact that 
any isolated dwelling has a good deal more ex­
posure to cope with than the houses in even an 
ullconge;;tcd village. Also, the average size of 
farm dwellings prohJbly exceeds the a\·erage 
;;ize of dwellings in cities and towns today. where 
new cOllstruction is at all advanced. 

TEST HOt:SES 

The original plan of this experill1~nt called for 
a "spot" or empiric test of the lleat use of two 
or more identical house units differently exposed 
to winrl. One house was to receive the full force 
of the Plains wind through tIle winter; another 
would he so placed as to receive the maximum 
pMsihle protection by :I typical windbreak; 
while a third would repr!'~ent all intermediate 
drgTre of proll'f'tiun. If th ... actual winu which 
oecurred in each po~ition were recorded, such 
a test would not ollly tell its own story directly 
for the dimatic conditions of the Plains, and for 
the ~pl'eific local protection, but al;;o tht! result,. 
{'oult! be extelld"(l to oth,~r situations rcpre· 
~'nll'd hy known wind velocities. 

Sincr thr ehar:letcr of the r,';:ults would de. 
1 .... 1\(1 not oIlly (Ill the velo;'ity of the wintl~ which 
uccllrr,·,I, anel tltt' ",'vt!rity of lllc eold or t1q;r .. e 
of clifT/·renc,· ill kmp,'rJtuTc bt'lween the hOt1;;c'~ 
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i';': i·,··:i.~ '~i·'I..\!l), .J!1 (Jl,\"!u·...: .... :-cql1irCIlll'nt 
L·j -'.,',:1 '. :,·,t "" tl:'lt it "h.)u!rl l;... cL)ntinueJ 
t..: ,':: ':/1 t.,:- ;:::"C a Iypicd "5:lf:l?:e" of all 
tr,::' \,.(.,:t·~:: l·l!:'.\.:~ti.)n5 likely to occu:- in a ,,·in· 
kr; ::. Let, it n.u.-l e(l\'"r all, or equJl propor­
ti,,::- Lf ;;!ll':lrt-c. of the; h('ati::; 5e:J5c.:~ of; to 9 
ml':':)." 0:1 the Phirl:;. From this st:;'Dclpoint no 
(oil" l'~~:~'::l:' \',(>Clld be quite "3t:~bcl{)ry, but a 
miclJ> Ltitude ~:·.?IIlelI prefcr3ble, and f,CCaU5e 
of oth,'r work going on at Holdrege, :;ebraska, 
that poi;:t K:!,; selected. 

An itelll not cOllsicit.>red in pbn<1i>1g this di­
rect :lppro.:Jdl W35 that "cry snull house ullits­
d<'5ir:~h!e from the standpoint of accurate heat 
control :>.nd recording of temperatur':5, ~03 well as 
for ecO:lOmy of operation--cou!d h:!rdly be so 
constructed as to "represent" larger houses in 
every re3pect. The critical comideratio!l is that 
the ratio between heat Io.3>'es which o<:cur through 
L1C w211s and wall m.:JteriaIs of the house and 
those which occur by reason of air mo\-ement 
through cr.~cks should be average, or typical 
of a certain standard of constructio:l which, as 
already implied. is not a high g3Jldard with 
farmhouse" if ger-,cral "tightnes3" be considered. 
For the first of thcse item:;, principll)" conduc­
tion, referred to a5 "transmission lo;;s," is only 
"ery slig!1tly influenced by wind, whi!e the sec­
ond, or "infiltration 1033," may h<> more than 
directly proportionate 1(. wind "clocit:;_ In addi­
tion, fluc 1055('5 seem to bc influenced in about 
the same way by "'ind, although Ihis is not an 
item in house construction, and has to be can· 
5idered in 'this experiment largely as a malLer 
of over-ali fuel efficiency. 

. To ma1:e clear why very small te5t hOlH~s di~­
tort the r~lJlt3 as to the degree of wind efIee!' 
and thus nece::sitate a more .analytical. approach 
L1an Vias fir5t conlcmp!.:J!ed, it is onl:-' ncces~ary 
to usc a simple example. If the test houses had 
bel:n ~IJ <.h~i:!ned as to he miniatures of, for in-

:---[0 :~J.'iC =-rnr:.', I!l~ ouldfj/Jr t",,=:np.-"raIUfl:- '\'tl11 h:.:rf:after 
lY.! T4::erred If) ,J'~ To, rhf! Jl'J1l-f~ or intf'riuf tf:~r.p·;ralurr.:' 
2" Ti, (11H1 th,! diHr:rf;Bcf; in tf:mpf:rJ.tu:~·,:. l'thi,::-t 15 the 
crifi'~:ll vahl~ in hrat IfJ3.Q ra!~<.1~ a~ Ti-lo. G':'::II:r~111y 
c..rr~·Jki~l'::, .r:·:.3.0 t'·:fipr::-all!il·. fHr "[wll ll'7":lt pl?!"jfJd r){ 

r!;Ji·r.:.:.!i'Ii'l af'~' p·f,·rri'r! 10 Jnd "xfrt:f111:S .::n.: i:.:r:op·rl, tlw 
!Jjf:a::; Li<ll~ d.-t,":rmin.:,l fr(:m th.:·rln·'::':'~.i.:.h tr::Cr.:." 
ch"r~:-:IJ lit !/·:'-.t nr:C:I; (;:J,:h d:lv J, ... rnT~:"!l'!::;" .:::-:.~ m:n­
im!~rn th·.rm:-,.,;,·tj:f-. Tn Cidrl;:i",n in 'hi:' Jhnv, .. ~.,"f: bJ.'''·~~ 
rn 1. .If!} ~0 r' r"f J"\~('r !o 'I'll, tL·· knlrll'r...!tu~f· of d\.· tp)u::-r' 

tJr ::"1 ,J., (:r:1:. t)' ~1;f! "-lin. "r (j!l:·_·r'.~·i-.· :h~· -·I!·:~l'·;I:··d 
L.,,::, ~ .. 

~ta[\(·,'. :2·~t"n ~'jlI.lrt' hou~e", with a typical pro. 
l'"rtiun of c:l.l/ill;': to tot:;l \\,,111 area, then thc 
trar:"mi~"ill!l l(l:'~ through gb~~, which is high rel­
atiyc to tlut through wall IInkrial;;, would h:l\'1: 
lwpn typical aLco, anJ the he;iting value of sun­
light a cOllsiocraLle item in s:l\'ing fnel, would 
ha\'l~ played its nonn:!l p:!rt, in 50 far "as light 
through glass is morc cfIecti\'e than light applied 
to exterior w:t!l surfaces_ However, du(' to the 
simple geomclric fact that as rectangles arc in­
crea;;ed in size their areas increase much morc 
rapidl)" than their primeters, the miniature house 
would in this case ha\'e a much greater footage of 
window cracks relative to either wall or glass area 
than the house of normal dimensions_ With the 
12-inch by 13-inch glass u5ed in the test houses 
(omitting sash width) there is 5 feet of perimcter 
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 ~O_ -'. or 1.6 to 1 for each sash 
6._::> ' 

I 17.5 
separate y, but only 12.5"""', or 1.4 to 1 for 

double-sa~h window~. Thus the miniature hou3e 
would be certain to have from 2 to 2.5 times as 
much infiltrntion loss as thc house of usual 
dimensions, ill relation to transmission loss, if its 
area of glazing were exactly proportioned. 

Since a proper balance was not brought about, 
as regards the two types of heat losses, and it 
would ha\'c been impossible with such adju,.tmcnt 
to have sunlight heating in prop~r proportion, 
we are faced with essentially the situation used 
as an illustration, for the test hou~e5, which 
were 4-foot cuLes in inside dimensions. Arld­
ing half of the wall thickness, i.e., calling the 
squares 4·.31 feet, since it is such an important 
item with so small a cube, the wall-and·ceiling 
area is 93.75 square feet. Three windows of the 
,izc mentioned, with 2-inch sash allow;'lIlce all 
around, plus one door 24, by 4,1· inehe;;, givcs a 
total crack footace of 2U7:h which may be 
rounded of[ to about 31 feet with allowancc for 
a 1J~-ineh pipc through the ceiling. Upon exam­
wlllg tllc pla!!s for two types of farmJIOIl:;c3, 11 
C:lre Coel f'r,l!:lf)(: is [oune] 10 have about 2.1 
limes tIl(: r:ltio of wall area to crack footage 
wJlich is indicated abovc; 2G-foot by 2G-foot IWo, 
story S(lll.1re hon"c about 2.5 times. 

Allholl,;h tl:r·.~c f:wb inrjir:ak that thc illfiltra· 
lioll Ir,c-ccs of the k~t hOll~I:3 ~hould be recluccll 
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by somewhat more th:l~1 ?lIe.half, ill oruer t~,~t 
infiltration and tran~rnlSSIOII If)~~cS shall be III 

proper balan('e and th~ eITect of win~ not bl! 
exag;;erated, there arc Circulllstances which make 
a reductio'! of just one-half seem, in the opinion 
of the writer, cntirely fair. This basis has been 
adhered to despite the opinion of a prominent 
heati!l[~ engineer that the resultant ratio of infil­
tration to trallsmissioll·-for example at 15 III.p.h. 
wind and 25° To, about V:.!/l--is "high." As 
already pointed out, it is intended to represent 
houscs of relatively poor and loose cOIl;;truc­
tion. Actual infiltration was that to be expected 
if windows had been weather-stripped. In addi­
tion, the transmission loss of the tcst .houses 
should be high, relative to wall area, because 
sheathillg was omitted: and \rhile there are 
.lctually many farmhomes 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 dimension,;, is 26.239 
B.t.u. per hour-degree in still air. It apparently 
must be less than this in order that total heat 
105l:es may not exceed the actual as obtained 1)\· 
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l'xlt:ndir:c; L1h~ rtIe~I.-.u(.:d 1: "I: ill--"" [I'.ld th,· ]., , 
e~t point Oil the ("urvl' .It ,.!)Cl~:l 1.(i lIl.p.h. \I'if:';, 

and it has hl!1'1l IlCCt,;,<:lTY tn :r.-,u/no~ thi- ~I.l['l;r!;.; 
point for lran~llI i,~ j'H\ a" IJGiJig 2:to B.t. u. p' [' 
hour. Trallsmi;;:;iu/I lo,;,,;!':' calculate,] for 5, lO 
and IS m.p.h. ha\,t~ thf~n bcen If·cluc.~d in thi. 
same proportion. Tlw illcrc,l~e in lr:tn'5tJli~.,-iun 
to 20 m.p.h. i~ only 3.7 pf~rccIll of the Laoic [;!It;, 

and 7/10 of this inercaot' occurs below.') m.p.h. 
In order that any statClI1r,nt5 made herein IlLI\ 

be suhjected to checks, a flOW poillt~ regarding th~' 
te:;t-hou5e construction should he recunlee!. Fig­
ure 1 shows the design eh::uly elll)uch, c;:,p:'ciall y 
as to the type of roof and ruo{-ceiling space. Th!! 
roof itself was of %-inch by 2-inch slats, eovered 
by a layer of prepared roofing paper out to anJ 
over ends of slats, but there may have been fin~ 
cracks f()r infiltration OIl the underside of tht' 
2-ineh projection of the slats. The ceiling 11'3" 

wallboard only, while the rOl)f arches had a cen­
tral height of 9% inches. The walls were 3%­
inch studding, coyered, on the outside, by glazed 
building paper and lap :;iding, 0'11 the ill5icle by 
1"S-ineh eelotex (somewhat porous) wallbo:J.r,!. 
Lap siding covered the end~ of the 2-inch by 4· 

[ .. 
,- ....... 

.... ... " ..... ,.,i T\' . 
.: .... ,:..,. 

'--

" .' _ f. 

"I .' "~".',"':: 
• -I.;,· ..... ~··- ... - •.. ~, .,_ .. 

F·3~()O;·;S 
Fig. l.···-Te,;r h.w,,', :H ,.'\ III' "I lIul,lr.·;·,I.' ill ~I:.rl"h. I'Uli. Ino!"ill~ IIn nh",··;! to" :lr .. 1 rh.· "60. 
percent" solid hal ri,'!. Door') open tu tIll" (';~ ... t. .\l\t'IIlIlBwt,'r :-t:l.r.d~ an~ :'.h"wil J.t Ii !,h .. \\ b:l,' 
stake::, \'bil.lc at I,·ft rC(lft.~.,,:'~nt lillt, lhruu;:h Ct'nh .. r IIf Iflng barril.·r, on \\,hidl ,·\a;h)f!l1!.·t"r.:i 

wer" "hr,"!. 
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1(11 }{\.\1. til-" FUHI,>TIn 

:",':: ti",'r ),,1':-, t"-::',~ .':-; :? !' .. ,r< hill il.lt "~ 
r:;:'::I':-". thu ... ;-':::::-._ t::.' f1 .. \.~ ~)f ~.~·i'~l'h fir 
.l! l)ut .:;1 ; in"L:'~ ;d",·.~, dll~ :-=;I'~nl\i. 'I'h,· hllU~t'!'io 
''''I L' !-.'·:1~ }';,l:l--!"l ",itl, ~"jl l,r ~l!"\\' ;on that wind 
(\<i\l n~'~ :,',\ ",'j' U!lJe !', 'Th~'1 d')(,r \\":l~ h'",J l:lY­
f .... lif C(!pll.'\' l)VC'r :t ~.i-in(h franlL\ and \"3:.' 

r.;!;:," }""o'l' fiai:;:;. 1'"I'l'ci:lJIy at th,- hottom. 
"h i!... Ill,· Wiil"\;\';~ Wl'rc tightl:' ~t\ll'pt.'d all 
.1r()Ulld :1llJ hel,l :,nu~h' a!!ain:,t the oul:,ide ('a:'­
in:..:::, Thc hOll:'l'~ ,,~'~e ~on:'tructed i(II'l'!til'ally 
I ;;~ f:lr a- coul,l b" ~l'Cn) _ ann in yery \H·rkman­
like m.-1!1!lt'r. The\' were first u::t'll wl1<'11 new, 
.md betwc-ell thc fir~t :md Sl'Conrt winkr:- re('f'ived 
a c03t of paint which preY('ntecl any warping_ 

RESCLTS OF TESTS 

Two ~d:; of te:;ts wt're mncil" ncar the begin­
nin!! of 1936 and 1937 respccti\'ely_ In the fir~t. 
the ~origillal idea was carried out, but for "'0 brief 
a perio~d that the direct comparison of protected 
and unprotected hou5e~ has very little ~ignificanc'e 
.1-5 a 5easonal relation~hip_ It then being appar­
ent that data OIl heat-los5 rates of a more funda­
mental character would ha\-e greater value. and 
that the number of variables should he held to a 
minimum a eOllsiderabh- different plan was fol­
lowed in 'tht' ~econd sea~on_ The primary defi· 
ciency of the results in the .>econd sea"on is the 
lack ~f anv flue-loss element and the fact that. 
with heati-ng by electrical energy, "fuel elIi­
deney" must at all timc~ he takl'll as 100 percent. 
To 5~me extent the first-year results give thl' 
ba~i5 for estimating this clement. 

Since the primary purpose of this article is 
not to di:;cu~" the phy5ic~ of house heating, hut 
to show how establisherl physical faet~ "wnrk 
out" unde'r Plains condition~, and the extent to 
"hich furl UE-e ma'- he reduced hy exterior pro­
tection_ the treatm;:nt of the mCa5~rCl11ent;:; marie 
is as brief as poosible, This treatmcnt, which 
may not inlcrr-,,:,t the ca~ual re:lder, is dll~igned, 

to pinel' the rnea,-;ured re:sults on record for any 
pr,;;.;:ihle us,e (,r interpretal ion, all,1 to shnw the 
~tep" takcn to I'u! them in u5ahle and cOllycnient 
form, as in Table·1-, H,,\\'('\"'r. in or(\,'r [hat 
even Tahle ,1 m!1Y he u~e,l ,oafl'],\' II)' others, it i~ 
nr·('!(,,-~nr\" to mr·ntif.,n f'(:rlaill l'fI'(';)lllioll;:, ner.('s­
~it!1!t-d I:;' th" fllll,lam"nt:ll phy,i('~ of Illl: prr,I,­
Ic:n_ 

FIl:ST TI:ST. 1',:;(, 

TlII' SI'~UI' [I,r thi" tr;.-t w;" that illu<lratl,d ill 

Fir"r(- 1. "Ill" 12-f,O(,( 'ht 1':lr:-i('f, Ij')() f,,(,t 
In;if!. appr:Hin,t: I"'hint! thr' h.,lle"", i~ lhe p:I!>I, 

\\'t'~t !>;lrri,'r "f the SIH:;llll'd "oril'lItatiun" pair_ 
Thc 1l<)1I~1''' ;trl' loc;]tell 2-1I 1.2-1 fcet) .111(1 5·1I 
south of thl' h:urier, to benefit \lnlla prevailingly 
north wirllk while a third hotl:'c wa,-; in the open, 
without oh:::trudion for hundred" of feet. Of 
the two locations u~cd, the 5-H position is likely 
to ~how the lower wind \'(,Iocih- with north wind!' 
or -tho,:e ";ithin, po:;;;ibly, 4;;' dt'grl'c~ of north, 
while the 2-][ po:;itioll will ,.how lower velocities 
with winll" frolll nparh- all other directions. 
""ith somewhat more tl;:l11 average prcpolHlcr­
ancc of north wind:- during the ob,:ervatioTl pe­
riod:, in 1936, howen?r, the 2-H position had a 
slight advantage_ . 

The test hOIl:;es had been ready for !'ome time 
before actual "runs" were l11:1de lIear the end of 
~larch_ It h;]d been found impo;;,ible to cont;ol 
the only m-ailable oil.burning t brooner) stoves 
at a low enou!!h rate of furl cOIlSumption to 
avoid exee;;si,'e interior telllperatures earlier, but 
colder dan: at the end of :'.larch kcpt tempera­
tures witilin the limits of recording thermo­
meter;;_ At this time 5ix periods, totaling 69 
hour,;:, were considered to have acceptable rec­
ords, although interior temperatures could not be 
held to iDe F_ and wcnt to an extreme of n·i,· F_ 
Er comhilling all ~ix periods, there are,ohtained 
interior ayerat:es which arc not too yariahle be­

'tween the three houses, 
As is probabl~' well known, brooder stoves are 

rather hoods than ~to\'e5. and the amount of 
"drafl" cannot I,l' closely limited. Consequently, 
a!' exces!'ivc draft is a primnr)" cause of heat loss 
throu!!h the flue. it is found tha. for [he entire 
period_ in the cO;ltrol hou:'e requiring the hottest 
fire. the fuel u;;c wa~ sOlllcwhat l~xcl?~~iye, al­
tho~gh thl' eflieicllc), is calculated, from later 
rf':'lrlts, as hadng 11('en about 61 percent. The 
actual fllle-lo,",,, r,{tc,", which ilia)" 1)1: derivcd froll1 
the present rlata arl', therefure, greater thaI! 
might he considered norlllal for tlwse house,; and 
the conditioIls prevailing. and mu"t he modified 
liS de~(;fihcd later. 

The reslllt~ of Te~t 1, tn'atc'c] a~ a single period, 
ure shown in Tahlc 1 and Figure 2, The efiect 
of wind' is very rronouncpd. ~Ilcl a~ be'tween thc 
two h'lu'lls ",hic'lI varic'!1 only ~li;:!11tly in ,J\'cragc 
win(l vr-]ocity, tIle re:"lIlt< ~h,,1\' only ~li;:llt ill"on. 
si;tenr;y when the rl'lali\Jll~lri II is C()\',;n'(l hy th.; 
straigJlt line "A" (Fig. 2), I/II\\'I'\'P!'. it i", o],vinu!' 
tlw,,!: two lown poinls nfc too c1"se to~('thr.r to 
deterllline thl' nature of thr curvc: "B," although 
thi~ h:lprl'n~ to fit to the two I'c,int~ Illl,r,· r1,,:,(~ly 
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Fig. 2.-EITect of wind l'e!oC;ly on fud Il.e and heat loss. 

F(Jr l'a~c (,f n:ft!r\~;II:t' til til ~ I)\"er<~~j (Ir··,,··~ 

willd pn!tt'<:ti"l1 Juril';! th.' -~".[t jl<'ri.,,! ,,[ :r:. 
t!.'~t, the two t..w.'r . .;.,!~ .)f \",dll"~ ar,' ,,·.···r:lc·· 1. 

and it i .. ; f"III1,1 tlut ,,11 th.~ ;"lI:h ~i,I,' .!i tlw I·", 

percellt ~1)liJ barri"r t!t"ft: I,';L:; ,,·ill.! ri.',lw:ti,,:: 

frOlll 12.~):~ Ill'l'.h. :!VL'raC'.:, t" 7.lB m.p.h. :lv"r· 
ag.:, or nearly .~.) p"rcl~lIt, I,hil,: flt',ll II.,\! w,:·; 

reJuc.,d frolll 71).97 tt) 51.11) e.t.u. fJl:r hr,u~. 

degrc!.', or :IG.l I'f:rCl.'nt. III ~hl,rt, th'."f; 1'-,,­

about O.nI pan'ut redur.tioll in fuel u;:<: iur eJ.d: 
1 pprcent red lid ion in wind. 

Aside ffllm the fact that th,; lI'lIIfleratures duro 
ing the hrief perilld of these ll!Pa~ur.:ment5 Co.!!· 
llot he cOII:.'-idcretl typical I)f tlw h.:atinc: Sea5')li 
a3 a \I'hole, then: are two rea50ns why :;uch ~!rl 

expression overrates the valu.: of the protection, 
as well as the average effect uf wind. RC'gardill'; 
the first, for the entire heating SC:lson of 1936 
the position at S-H south of the barrier showed 
only 2.'j.l percent reduction of the wind in the 
open,3 although the;.e continuous measurement; 
were made at a level of 16 il1cll(,~, ill compari:;on 
with 36 inches at each house during the heati:'5 
tests. It is thus evident that the test period \.-:\< 

not typical of average wind directions. Further-

TAIILE I.-HE \T l;~t: II'IITH PICOTf.I:TIO:<i Of R\lmIER 0:-; TilE ~ORn!; 19.36 TE~T5 WIITII OIL·Bl·R:-;I:<iC 
I1Hn:RS', LARGE FLl'E LOSSES 

Thcl)r~li"cll 
Tl)lall"n~lh of EXCC'5 on'r heal genl'ral,·'\' 

Ob!;en'alion ~[ .. an olltsid", lemp"ratllre \'01 II I1It' o£ P,'r Honr· :\I":ln win,l 
Conclition peri,,,I;.' h~mp .. ralllre Ave. HOllr.D"1!$. fUl'lllscd Tolal Dc-;.:. velocity 

Ilrs. of. of. (C.e.' 18.t.1I.' 18.(.11.1 C\t.p.h. ) 
Open.air' 69.19 2·t67 16.·1.; 
Control hnll~t', Iwalt'd 6?.Il:i 97.10 i:!.38 ·t9Bl.B6 lO;B:;t) 39B.H::! ,9.97 12.93 
HOII~" 2 ht~. S. o£ harrier 68.68 91.09 69.35 4,762.90 6,·HlO 237.9·lfi 19.96 6.83 
I11)1l~" 5 hl~. S. nf harri,'r fiR.n 9:;.66 70.9·1 4,1li-l.7i 6,935 2:;1.6,;3 52,;?l .7.~ 

'Sin('1' clllllp"rwnt 11I'ri.)d. are nnt of Ihe ~:1I1lC It'l1[,:lh f,'r difT,'n'nl h"""'5 or l'ven (or ":lch i!PIII 1II1':1"lIr,.<I. sf'Yt'rJ! " 
itel1l~ in the tuhle which are "hlain!',! hy .ul1Imin~ the short· peri 011 c,'mponcnl~ will b,' £".lIn,1 n,l! to) cheek ex· 
aClly. such a5 the an'rabc ex,',',s o£ hOIl,e IPmpt'ratllrt· over nul,i.!,. lelllp("ratur~. Di"crt'p:lnl'it's af<' in"ignilicant. 
however. 

'Wind velocilY ~"own oppn,:irc i~ for 16 fect from grnunll at contn,l stat inn, or more n~arly 35 vdocitics :sr,' 
commonly inllicalcd, :md about % higllt'r than at Ihe 3·lont ICI'~I at ~ame point. :\11 I .. ,t v .. lnciti,!,: ac~ at 3 rt:~1 
abl)"c ground, anrl (Ill art' cnrrerl~,1 [(lr in~!rumenlal ,'rror for the sllOrtt'r period •. 

"AI full valu.! 1.)'),000 TI.t.u. per pllon, .'r .~(,.72 n.I.II. p.'r r.'·. 

than the !'traight lint!. EWII aftl'r "fixing" t1w 
lower cn.1 of curye "B" :IS a result of ;;0111(' r')Ugh 
tcst:; slwwillg that lIue loss cuuld hardly be ft'­

dUCI'!l heIo\\' ~ B.t.I1. PI'T h')(lr·d,'~rl'l'. the shape 

of the curve wa,; found to be dillicult til fix hy 
graphic nH~th(J(I~ <I1j)IH~. C()Jt~equt'l1tly. the curve 

as drawn is h'1~ed on certain n'btioll" hctwecn 

flue lo,;!' and otlwr ll)~~t''''' estahli"h"11 lata, and 
descri],pcl ill COIIllt'r·tion with Tahl .. :t 

more, the velocity of 12.93 m.p.h. at :\11 cleva­
tion of ~1(i inchl'~ is considerahly above aVl'ra!!,'. 
an.1 is J><Irtly I c"ponsihlr: for thc rc.llIction of .~~ 

'I! i, worlhy ,,[ n"\t' that al II ... -an,.. ,!i<!.IIll·'" n.,rth 
of lht" b:Hri;'r, r!H' a\"l'r:l~l' r"dlll'rinn W;I'" 1': pt'rc~·n[. 
<howing pbinl)' Ih:lt ",.,'11 :I ""indbrr:1k In Ihe SQuill .,i 
a h"u,,~ "'"ul'] ""l I", ,.illt"ul \ . .1111' in Ih,' ,.-jnl,·r. "" ..... 
"'er. Ih., furll ... r pl,ii)! i< p",h.lhly appar"nl, th3t .... h:!~ 
th('rc w""rld dIf'U 11(' ~orne prl'(c'c't:ou frllill n(lnh ,,,·in-f .. , 
it WPlItt! bl' priuurily in tIll' i)t'ritlil of Illil,I~·r. SI}U~~t 
wind.; 1b~1t th,· pr'1f"i-,;nn 'W'llutd llt~ givl·n. 
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TAIII,.: 2.-Ih~lr. DATA t'lUl~1 Tm: 71 DAYS OF OnSt:nVAl'ION ON Two JlollS.:S (AII]IlSn:1I .... 111 

AI'I'AIU:NT nlt'n:II~Nn: IN ~h:n:IIINC) ANll PIlIMAIIY 2:i·l.h,CIU:t: ClJllnS BASt:n ON Au. Of" "In: D.HA 

Original dRtll fnr gmllll~ in sallie .... h"I,!·lIIile eluss (c.l(. 2.01·:tllll 1II.".h.) 
• AVI'ru!:" ,;C- C:orn~I'II,,1 

hnUI'·d"l-(. Correctiun hOllr .• I"I(. SIIIIJf,tll"d v:II",·. r .. r I'll ~:;' F. 
:'\{' .• I:I)'" .A "{'rag,'" Average tt'IIIPt'fllllln's Huh,s per hOllr ill 11.1.11. 11I_'ut·III"~ pl'r IWllr. hUllt loss Wind Per h')llr·d.,~, 
ill ~Ia~s willd l'docilY To- Ti·To Fud II~C 5nn hent TOlal hl!ut loss rates' tI,_,!!:. To" nt 25 OF. v.,)neity FI/I·III,,· 1I,·all .... 

---; (ell/.I(' . If.p.h. OF. OF • il.t.lI. lJ.t.ll. 11.1.11. M.I'.fI. 11.1.11-. 11.1.11. 
:'\'" 1 Xo.2 

.. "~"'-'" 0 20.002 21.0(JU 
I 21..11i:! :!_~.1',7 

7 12 1.65·l 2·1.66 ·11\.11 1003.02 209.34 1212.36 26.r157 .0084 21i.4S~· 2 :!2.7(,2 :Y'.')(.1 
12 11 2.;;01 21.93 -18.01 11~16.63 200.05 1336.68 27.(1)1i .0125 27.6:iB :1 21.20:; :!II. I'll 
6 11 :UIH 211.08 '~2.20 1081.39 15-1.'18 1235.87 29.2:18 .0111-1 29.2% 4 2:>.(,1):\ ::0.11 III 
5 i ·i..1lili 25.'16 4-1.79 1180.68 203.22 1:1113.90 30.67B .0278 :lO.1i91 " . , 27.215 :11.(012 
:; 3 5.391 25.83 H.I0 1259.99 220.86 1<1110.85 32.:150 .O:m·I 323:12 () :m.l!.-,() :I:I.:!';) 
6 

., 
6.·IS:l 28.89 40.96 1202.'19 201.7-1 WH.23 3:1.I!lCJ .05;;(, :J.l.o:I;; 7 :11l.;) t:I :11.') 17 oJ 

I ·1 i_S,n 23.42 46.81 1507.38 17 I.:J5 If,7B.7:1 35.·1:11 .07611 .15.310 1\ :12.H7 :l1i.1i1l I 
.) 2 11.607 2:U6 46.92 157·1.·15 22:1.92 17911.37 :m.279 .Itlo;{ :ULHl1 I) :11.0(,7 ::1:.-1211 

1\ 9.530 15.67 55.11 20H.15 199.20 22·10.:!5 40.412 .122H 39.2(,6 Hl :I:i.%'1 -H).2.~2 
.1 I 10.536 31.27 .~3.6i 1419.'18 127..19 15:16.97 39.HZ5 .150(J '10.761 11 :17.9:17 '12.H7 
6 I 11.597 28.62 -lO.HS J:;61.28 1Il0.'Jf> • 1712.N 42;\ J4. .17')') -1:3.062 J2 ·10.00(, 41.117 
.) " 12.330 25.06 4;t47 1962.0~ 131!l0 2093.4·1 1J5.B60 .2000 45.871 I:! ~Z.16:; ·11i.I111 . - -., ., 

13.·1ll2 2·1.61 46.12 2082.3·l ]38.25 2220.59 tl7.332 .2322 '17.212 14 1\1.'130 ·1a.·10~ " 
15 <l1i.iIl2 50.835 

5 3 15.029' 28.5·l ·11.92 1866.91 209.13 2076.07 49.767 .2801 50.759 16 • ~9.2S1 5:1.5:16 
17 51.861 56.521 
18 5~.B02 
19 63.:187 

0 21.25 2U7 45.00 .1000.35 272.73 3273.011 72.736 .170 i2.628 20 1i7.21l0 

'Because oC '"reat Y3risbilil}" and few observations al this 1(:\'('1, includes Vt'lociti(·s from 14 to 16.22 m.p.h. 
"~ince Pt'riod~ with highl.'r Ti-To and lower 1'0 gl'lU'rully run at high('r rut,,~. it fol1nws ,hat the avt'rnge obtained by dividing Ihe prt!ecding column by a\'crngc 

1'i·To will give a higher rate Ihan the al'l'ragc of the individual rales ~ho .... n here. lIowl'ver, iu IIIn~1 cus('s the IlilTerenec dllcs not ('xccI!d 0.25 n.t.u. pcr hr .. deg., 
('xct'ptions being in 12·13 and 13-14 m.p.h. groups, wh,'re temperal1lre clT"cts nrc V('ry pronOlinl·f!.t, and in 1-2 and 1-1·16 m.p.h. groups where t(~mpl!rnlllrl' elfeCls liT" 

rt'\'('rsed-probahly nccid('nlal variation. These variations make it dear why it is dillieult to assign true values to Ihe tcmperature correction curl"!, and its irreg1l-
Iar form. , 

'Corrections nrc given in Ihis form, rather than actual 8mOli'nls of correction, because similar values arc uSl'd 10 develop t'unt's Cor To O· F. nnd To 50' F. /1,,£1', 
when To is obo\'c 25° F. the correction is plus; when hclow, minns. 
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percent at this statioll. ,;incf' the lH'rc!:llt:J;';" [I'. 

duction invariahly ris<!~ as thl; vdel(' it y ri;c', .,­
least in so far as the position IIf maxim!lm rr,dtJ<:­

tion is concerned. 
This statement does not mab: ~ufll(;il'!ltly clear. 

however, why it is important, fllr tht: accurJ:" 
determination of prohable heating hCllefit!', tf, 
deal with true wind velocity as it actualiy im' 
pinges on the house, rather than with an npprf,xi­
mate or assumed average yeloeity. EYen if we 
were dealing with so simple a relation~hip of 
fuel use to wind velocity as is illustrated by 
curve "A" of Figure 2, a little tho'ught would 
show that the percentage relationship arrived at 
depends not alone on the above varying va!ue5 
of protection, but also on the point from which 
calculation is started. This is because the curve 
(such as "A") iIoes not strike zero heal use at 
zero wind velocity, but is always held up 
at low velocities by the continuing traIl5mi,,· 

..inn lll~~. HIJu;,:h!·,. '·Ll.' , ... \ .. t~.l~:! ':-. 

\\"'i;,:hl" item uf J.1 IU.ll. I,!til'll i.' : •• : 

fiuI'n"r(1 I,:' wind at all. Takinc th.· r ,:. " 
ri.-" as ;; B.t.u. for ea<,h mile uf \\ :1.<1, 
lions are nlJdc very ~inlpIe. Thu;-:~ if tht' .. :: 
winrl H·I,wity be l:~ m.p.h., it is f',u!lil t1::.~ : .... 

ratio of o.~a het \\"':CI1 fud·u~.; reducti!l!! .! ;".1 
win'! rcuu';tioll, when hoth arr exprt:- .... : 3-

percentag':~ of the initial r,lt'~", is <l,:tua!i:,' t~·: 

80-·1:,) .'i 1 (,5 
ratio --.- (deri\'t~d frlJl!! - :: - = _ .. ): 

80 . SO I:~ ::;u 
likewise, starting frolll 10 l11.p.h. the ratio l~ C'x· 

65-15 1 

Pre:>;;cd b\ --- Of 0.77 .. amI lit ,) m.p.i!. l·", . 65 
40-1?i 
40' or .025. These varied re~ult5 ar.: :dI 

from points all the same strai,:;ht line. mnkir,; it 
clear that the result depend:; \'Cry much on ~he 

TABLE 3.-SKELETO:\' DATA SHO~I:'.'G TilE STEP'; BY Willen BA'>IC RE5tLT5 :\nE TH.-I.:<,;ror::-IF.1l 
INTO FI:'-AL "CURVES" FOR THIIE~: TnII'EH.HI:nEs; ALL U:'-1T5, EXCEPT COL. 1, ARF. I:'.' B.T.L 

PER Hot'1l·DEGREE 

Ba~ie tllIe·I,,_" 
Wind rale. (1936); 

velocity Total hcal-1o~s rarr" Tran~mi""i,,1} Infiltrarion rarcs (re;icillall AIt~r~~:e 
m.p.h. O.oF. 2SoF. 50T rate OaF. 25"F. SOT .\~ Il;cd (:;ee t~:<:, 

0 24.131 24.000 23.881 23.000 1.131 1.000 0.8S1 3.400 3.·1(1') 
5 . 32.527 31.M2 30.8-12 24.401 8.126 7.2·U 6.Hl 12.685 12.5.3::! 

10 43.798 40.2.')2 37.0,13 2U91 19.007 15";61 12.2.12 25.673 ~5.SI:19 

. 15 58.167 50.835 4·1.202 U.928 33.239 2.';.907 19.274 -1-.3.138 43.129 
20 79.457 67.280 56.263 24.998 54.459 42.232 31.265 62.762 69.971 • 

Wind Sum., Tr., half of Infi1tr. and nlll' 1M •. 
velocity Flllc.los,cs to combin!' ror f'fficif'ncy of' Alternate with d .. dllcrion for ,;lIn 11I'al' 
(m.p.h.) . 67'70 at 0° F. 70~'" at 25"F. 73'70 at 50° F. 25'F. AlO°F. At 25'F . At 50 F. 

·0 2.202 1.813 1.4% 3.400 22.268 20.813 16.'.1:>'; 
5 8.215 6.76-1 5.580 6.6il 3;3.179 30.2~::; 2.=i.:Yi; 

10 16.629 13.692 11.296 13.738 4iA24 41.7B 3·1.::1.; 
15 27.9,),1 23.017 18.989 22.990 66.002 S6.399 ·15.5.S: 
20 40.652 3:Ui3 27.615 37.2·16 81).380 75.112 60.2·1.; 

. 'Values for O°F. nnll SO"1-": LlI'Tin'l1 from h3~k (,lIT"e for 25°F., u$in~ 10.1 po'ret'llt cl{ rht' ,rJ!1lbrcl c"rn'c'licm ?"r 
deg~ee shown in Tahl,' 2 (al "",'n Ill.p.h.) for O'F .. ane! 95 pt'Tt't'nt of th,' ,t3nlbnl for 50'F. 

"Amounls hy which tor,,1 I"" ralt'. in 1936 ,'xcl'c,I,'d Iho,c shown in C •• 1. 3. Sc \'I'T:l 1 i'ninl, 3'; rn <Ic'ri"ation 3~.J 
use of these figllf(';; are r1i~~m'('11 in I"xl. 

'Sampling ro ohlain al)(l'ilt an'rap' win<l ('fTl'l'I Ihrr,' are meJ 4 lillw. the rail''; at 6 Ill.p.h .. ·1 lim~' rh .. ,,· J~ Po 
m.p.h., 3.5 lilllt'. IhMc al Hi, 3 lillIP" rlw"f' at 12. 2 .. ~ lim.~. Ih,,;e at U. and on<' .. Ihl' r"k, ar 16 m.p.h. Th·:"" 
"samples" result in "11111, of 471.2:;2 {"I' CuI. I) \'all"''', an.1 of 619.72\1. 511i).11I, :lnll %0.607 ,,1"'1\ C,l. 5 i' c"ml.i::~,; 
wirh one·half of II ... infillrarillll ill l.oj,., (,. i. nnd R n'~p"t'li\t'l)' .. To ~i\'o' 70 ~wrcl'nl fll"\ t·ni .. i~II"\' I!"'re ar,' n'·'.·,k.! 
flue losses (f"r 2SoF.) whil'h will I"t:d, f,'r a ~il1libr ~"~H(ll,'. ;l!i a" milch a~ SHIi.H!, c'r ::!5l..'t;;;, ~ncl Ihi.- in tllrn ;. 
53.,~3 percent "f tl", 'ampl,· -11111 f"r rll!' ·!.a,ic· 11",· I""",: Ih"r"f"l'l', Ihi, I',·r\',·nt~!.:" i, lak,'u al all "·l,,,·ili .. ,. I.;~'" 
wise, O°F. and 50"F. n''l II i 1'1' n';prdiwly 111.77 l>,'r""nt and ·11.0 p,'n'I'lIt of th., ha',~ In :Jttlin Ih· "nil·i,·nri.,. '". ',. 
cated for th"Ill. 

'To allain ahuIII a"crage ;illl he.!' a' ill tl';I'. ~o:! II.!'II. pt'r hour, di'lriblllC',1 a< il i. lib-I)' I,. I". will. 1111\. j.) 

'd . • . 2-1;; • 
nll winter Wilh snnw (Ill grllllnd ;.\1,,1 dt'ar .... kk..:, thl' r.!!t u .. t'll for 0"' I,. I"" -7tW,:.T(J) :::: .1 .. ' B.LI;, }"'1' hr. Ill';'!. ' .. ( 

? 20') :; 11;0 • 
-5°F"-4S' - == ·1..i n.l.II. pl'r hr.·"Ic-~.: ;11,,1 fur .'ill' F., . ~tl ~ll 1,.1.11. p"r I" .. d .. ~. Th .. Ia-t r"'1I1' ;. I" ·i,.·\.i~ .. 

Iypical of clolld) 'prillI' d,l) " rlr,llI fOf JIII""",, cLIY, "f 'J('\!' tr;np,...at1ll'1'. 

. ....... : 



I S/f, 

JOT 1~\\1. OF rOI~[->TRY 

i :":', t' .. ,'~l! ".,. ·'B.'· 11!:;,:1 l< 1ll11· .. h 11<':lr"r to 
.. 1 : r 1,:;' rl·~'!"~>!·n:.It :1_,:1 l~ f th,· r~·l.d :(ql~ . .:.hdW;' thJt 
t::" ["I>':,:i"i"l1 L)~~ i" llllh'h gr,':lkr th:lll 15 
~~.',:L. :1:,,1 :il,,) th.lt the' f"rnl "f e'ur\'atlII'L' \1l1uld 
tel'"l ft:: t!1t'r (,. rlli::::nizl' thl' fu,_'l,u:'e' r~',Il!l'lil)n" 

in ;).:-,i:iC: fr .. :n h:c:h i",;,,';lf,ll,,1I' \I'irlll \'t,l'''.·itit''>. 
T:, ;::'. it ;" by ill) n~":lll" a" illll)i)rtant nr :15 dIl'C' 
!iYi~" iT! fucl :=,~!\·il~~. t'\'(,!l on a per(,l'Ilt~lgl'" has.i~. 

tL1 rc,lu,:e the' wind b~' :l giYl'n fJroportinn \I he're 
a:d '"hen it i:, 10 111.p.h .. 35 \I:hcl1 it i5 likely to 
a\'Cf3;;'t' 1~ to l,~ Ill,p.h. Thi5 it"IIl becollle:' impor. 
l.l:1t nl)t ()111~ in :lrril'ing at :l trllt' :l\'crage for 
Ule J,>Cllit~ an,J "ca:'l>ll. but al~o in con:,idering 
thc he:,::,ht a1.01'l' ~fllund ;It which the WiIllI :,trike::. 
th ... lW~5l'.~ The ;\'l'rage le\'d of the windows in 
a h,~u"e i5 probably 35 :;:lfe 3 one to choose as 
any. 

It "hould be stat ... d that the abo\'e \'alues ha\'e 
no ;;ignific:l!1ce 35 actu:JI ratios and are taken 
from th,' first.ye3r results fur illu3tratioll only. 

SECO:'\D TEST, J,-\:,\L\'I:Y·~I.-\RCH, 19:J:-

For the ~econd tCot the primary consi.Jeration 
was to obtain full control of he~t U5e in order 
that be,th the expo5ed 3nd protected house might 
be kep~ ulJiforllll~' 3t 70° F. 3nd, both f,n COIl­
trul and rt'3d)" a\';Jilability, electric;JI energy was' 
obviously supcrior to 3ny other form. There 
is, of cour:'e, 110 neceSS;Jry flue loss with electric 
stOYe3, and the 3·inch openings in ceilings and 
r00fs of hOllses were closed except for a 1/~·inch 
p:pe, which might more wisely haH! hecn 

'Since there ar~ :;ev~nl rderencn in Ihis fpxl III 
tran~posi[ivn5 hf!tween ... ·eI0cirif':; a.t difT~rt~nt ), .... ,.].;. it i ..... 
well 10 IDJ.ke clear the basis uced. The availalJlc For, 
est Ser"ice data COVer exhall"tin?ly compara!in! vcloci, 
ties at 16 feet and 16 inches abol'c ground, with nil· 
m'!ro!J; m('a;lIr':lll~nh lip tf) ,10 fcc!. At no point nrar 
[he ;:;.r0unrl .1rl.' thl"! f!ecrr:a.::.cs in vdocity c'on...:t3nt with 
low':rin;:; Ie "el , b'::n;:; Il1nrc rapir! with high,;r wind 
'Ir:!(Jcity and with inCF'.3:·..jllg r(JlIghn,',..;;;. of ~..!:r(JUllfl or 
\o'~;:!'I..:t3tl('n sllrfac:-;:. H,.\·;t\·f'r, it II:..!:.:. l)f'f'n d('f'nl'~'d sllfli­
r.i~:::ly ch·,! to J"llm'; thal wl"'11 Ih,: vd{Jr;ity at 16 
f"';t j, L"!"':""n If! Jnd l.'i m,p.!1. it will be 91 percent 
of th.-:t .:!t .~O f"f~L ',r,! fnJY ttlCf1 plr}t or ~plin'~ a 3· 
pf)i:-i~ ('l:r'e frorn tWI) kr:'J,nl \'l:1ncitk..;, which ',' ... ilI .sitf)W 

with l'C,!>j'!,'r,:Il.le J.'Tllr~!f:y, ("r t:Xo1lllp!r', thf' \,/·I'Jcity at 
12 f';d. and thi, av"r,,;,,', ab.,,,t 1)(; I",rcr'nt of iI'Jt at 1(, 
f':i.."t. TL.~ rali., L,'I·,.;I:;·n ](j ill('ht'''' :lll,l If) f':I·t ...... .J.ri·~'i 
(:',:0 :!~J"!!t /;::! Ilf ,Sr), Lut :1\,1·{J.~"": 3Li,(lt .7'2 ·.'.-i!h 10','" 
gras- C,,:r·,'·r. Ih'!f.,,',·]f) indl"'~ t!w .kcIill" Irlay b,: ahrllpt. 
of r(}T;r~/~, aJr!}(;w,,:h ~;,'l"n:jty a (rac,tirJrJ rT( an inch :.dJI) \"f' 
th': f!rrH;r;d may 1,,: _lppr .. ·c Ld,!,· lin}··· .. ., th,! C~(I\'I'r j..; vf'ry 

d;·r, ~~'" ;\{t"rnrJt t" ·'\.j-.1IJr" ell/WI) tf) tllf' f).jlldl 1"\"1,1 113':" 
l"l'lt }""":i ,,"! i-fi(':";'" -inn' avaiLdd.· 1,·ro-1"',I·1 \·j·!H!·j!i·· .... 

p"r']:;-; . :i!.,. :'1 ~~::. -:1, !:ar.l ~~ri'llflrl Jnrl "]fl[l!)t 1,·· "/J~­
r. , . ',' '" i ,I - ': ~." Ii,." ':'" J! i J:, i I: - f):l ;: II t": IlII! i l": t' r , 

umiltl'll. In order to eliminate Olle additional 
variahle, it ILlS decided to enclu~e the prutected 
hl)u:,l' hy a circular-actually 1l·sided--b3rrier 
uf th,~ :'allll' C')ll:,truction a" the barricr referred 
tn, :Jnd (If :,uch dialllC'ter that the hou;c in the 
ccltIcr of tilt' circle would be at 2·H from U1i.: 
b3rrir'r r'>gardle:'-s of wind direction. No cbim 
is made that this re:,cmb1ed onlin:lry shelterhdt 
prokdilln, although it might re~emhle the tyPt! 
of protcction of a hou:,c set down in an opcning­
of le~s than one acre in the lllid5t of ;J gra\'(: or 
fore:'t, whac the height of IllI' tn'cs cxcccded that 
of the hou'l' in a ratio of 3 to 1 or thef('ahout~. 
:'rlure u3able, and perhaps more exact, re __ ults 
might hal',' hew obt:lincd by ell1ploying a b:lrrier 
of hal f the den5ity used, wh ieh was GO'pcrcent 
"solids"; for 3 more open b3rri('1' is le5;; likely 
to produce eddies or vertical' currellt~ within 
the slllaIl cllclo::.ure. 

V c1ocitie:, which would aJTed the protectt'fl 
house in thi3 ca5e were calculated froll! th03e 
determined when the house was not present. 
becau5e there was no placc at the side of th,' 
house at which the true impact could be Illea· 
sured. The predetermilled r3tios to wind in th,~ 
open, in :Ill C3se5 at a height of 2.;; fet!L \';Jried 
frolll ,27 -l. 3t :1- miles per hour to .299 3t 1G mile:; 
per hour, and while ab:,olute constancy cenIld 
not he expected, any variation from the givell 
ratios would bc so 5mall 35 to h3\'C llL:glii'-ible 
eJTect on the results, There ha\'ing been one Jay 
ill whidl a portion of the "corral" was down, 
the aYerag'>s sh,,\\" about 71 percent reductiull in 
wind I'('locit)' during the entire test. 

House :\0. 2 was opera!t't! in the open for 29 
days, eOl'erin;; til,! colder part of the t'lltire period 
which beg:m hlllwry II, 19~7, while hou~e :'\0. 
1 Wi!;; ill the closure. The I)fJ5iti()lI~ of the Lwo 
hOll-rs wcre thell re\'(:r~,:(1 fiJr a p'Tiod of 42 
day:" mostly of mildcr w,'ather. Tht: same dec· 
trif'al mders fI>maincd with cach hou-e through. 
out, 50 tl1:1l. if there was any diJTerct](,c in their 
rntes of he.]1 u..;c, it c,)uld not be d(~kl'lllinnj c!'r· 
tainly whdhcr it aro,..;e fr0111 thc !rou:,,,,, them· 
,e1Yf;S or from \'ariati(Jn ill the JllI'lcr,;, 

Hou',: "n. :-3 wa5 erllploYf·d throll:,o:!lOut to d,,· 
tCrtllin,' Ih" efTI'd of ~Ull heat. Rct:orcling of 
maXil!ltlllL lIlillil1lUlll, alit! CIIITf'lIt kl1lpl~raturr~..;, 

and of aIWIl\'-'lllc[er ;Ill,j dt:<:t!'ic·lIldt:r dial", w('re 
made dail:'. :\" nc:!!' 3:'; pf)"sihle Lo I) .. \'~I., an,l :Ill 
c!l,'uiaLi.-.n" ;Ire for ~lII:h daily unit" of LillI''. but 
pill lin an hOllrly kl..;i..; to dimillak \':Jriatioll ill 
It'lleth of ,Ll\''';, 



.. ' .... 

5HELTLlwu:r 1\1· 1.1 1"\( .1'::--

Since the temperature:; uf the two pcri"d", \\I.·rc 
quite different, it might he t'xpcdl'd Ihe rc:,uIt;; 
would be not quite the same. In the fir~t pniOlI 
the a\'erage To was 14.9c r .. in the ~(,,:olld .11.9" 
F., and for the il days \'er~' ~Iightl~' und/T 2'=;~ F. 
Sun-heating effects were actually greater ill the 
first period, apparently because of n:flectirlll fro III 
the snow cover. 

Thus. in the first 29 (lays the hou",e ill the 
open wa:; exposed to average wind of 9.7-1 m.p.h., 
442.6 k.w.-hrs. were requirf'd 10 heal it, and the 
average use per hour.degree (this measure ac· 
counts for slight differences in hou;:e tempera. 
tures and for time lost) was 44.501 B.t.u.; while 
the sheltered hou~e was exposed to average wind 
of 2.81 m.p.h., required 2'i0.4 k.w.-hrs., and used 
fuel at the average rate' of 27.216 B.t.u. per hour­
degree. In the second period, of 42 days, the 
wind velocities were 9.88 and 2.91 respecti"ely, 
the exposed house used only 380.3 k:w.-hrs., or 
39.587 B.t.u., per hour-degrce; while the pro­
tected house u;:ed 2'i2.0 k. w.-hrs., or at a rate of 
28.102 Rt.u. per hour.degree. Thus, wind reduc­
tions which, hy use of sueh averages. amounted 
to 71.0 percent and 10.5 percent respectively, 
caused a reduction of 38.84 percent in average 
rate of fuel. usc during the colder period, hut 
a T(-ductioll of only 29.01 pf'rcent in the milder 
weathel: after F('bruan' 15. As almost the same 
number of hour-dcgre~s was invoh'ed in each pe­
riod, the lump.,;u/ll reduction for the entire 71 
days is very c1o!'e tn thr meall of the two values, 
34.1 perccnt. Thi,; indudes 110 flul' lo,;~. but 
docs include the cxc('~::i\"e infiltration. which is 
neverthelcs:" a smaller item. 

HOII"cwr, a!' to the e/Tect of di/Tcrent t,'mpera­
lures in the two perinll~, when nIlowallcc i~ made 
for all appnrl'llily con"t:lIIl lli/Tcrcllce of ahout .'i 
perccnt 'in the hL'nt·l(ls~ ratr~ of the two hou;:c,: 
involv('11. it i" fOllllrl that the hll']'u:,c re(h)('tiol1~ 
should J,t~ l11on' II (';1!·h· o[ thl' onler o[ :i2 percent 
for the mildr'r p('ri,;d an(] ~(, p"n'l'llt for Ihe 
cold('r weather. without chall:,:ing tIl!' :I\"t'rng" 
frolll ~,~ pI'IT(·nt. 

TI1I' di:'erepaIII'Y 1H'1I"'rn th,' two h;llI~I'~;; was 
inVt:~lira!I'(1 thrl)ll~h t!lI" ~alll" prl)(,":':'('~ a." were 
us('d lu (ld"rllliIlI' rnk (If r·haIl!!(· in heat I""" with 
chall"(' in To. lI(1u~e r'\o. I alw:I\', ;:howed L,w!'r 
heat lo~~I''' t\J;11J hllu,,:~ \0. ~ 1I1;tl,'r .<illlilar cir· 
ClIIlI"t'IIl'·"". II~ "xl'(I~!ln' I .. hirhl'r wilJ.J~ w:,,, 

!!(,Il('rall~' at Ih,· hirlH'r 11'\"1'1" of To . • llltl ('''11, 

::t'qu"Iltiy il~ h"~l~ I(J~t.,·~ \\ ,"rt-" l,f ~l 10',';' ~ 

Howe\ I.·I". tllf~ "/T". t (If iIWft':I,j:l; 1'1' .\ .,-
III he llilWh ;;ITatc'r a.- !".twPC-1l b',II-I'- I .,II'! :~. 
than wh"ll "Illy thl' data f"r .. itL- .. bol!.-.' \, , . .-,. 
u~,.'d ~t'l'arately. 

Althl'u;!'. in I1t:ithr~r uS!Jee! d,,('~ rl:i,.: .1l1:d:, .-i:, 
~h(Jw gllod ("(H!~i"telll;)' :It di/T,'r,:nt ,,'i!!'! I,:-.-,·!-. 
r1Up. in the main to arlditilJn:l1 ,':!riabl", "f "hidl 
winn direction is mo~t out:-t:llHling ill ,.fTN:!. it 
was d,'cidec! fir~t, that a correr-tioll of :....'1 w·r­
cent mu~t be applied to all fllel·u~e am r):'.Il1t5 f(lt 
hou5e ~(J. 1, to put it on approximat,:- parity 
with hl)l).-e ;\0. 2. Di/Terenc!'s due to To wen! 

then reworked on this basis of pnrity. Howen:r, 
for fin:!l levels, the combined nll(1 awragc quan· 
tities for both hou5es were lowered by 3 percent, 
so that the results a5 user! are not in lIJe:!slIrable 
degree different from the actually re~orded reo 
suits except for "smoothing" prn(":i5CS. 

The fir;:t step in the analytic:!1 approach which 
would permit separation of the senral dements 
that comprise the total fuel use. the r('dlletion of 
the infiltration 105ses, anti the additit>l1 "f :lppro· 
priate amounts for flue 100'5, was to obtain a 
smooth curve for total heat·loss rates. The basi'c 
data, together with the first cun'e" corr.'f'ted to a 

'hasi:; of 25" To, are given for reton! ill Table ~. 

Sun·heat calclllnlioll.<.-It i" e\'ident that fuel­
lise and heat·loss ratcs are 110t 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 to .day mq.y vary 
through a wide range. It Wa5 therefore neces· 
sary to use the records of hou:'e No.3 in nn at· _, 
tempt to determine the daily mngnitm]e of Ihi:i 
addition to fucl. Unfortunately. not only was 
the templ'rature of !tou;:c :";,). :~ (1'11) deter· 
mined only by maximum and minimum ther. 
mometers, but also tilt' li;;ht [roll\ tIll' south win· 
dow at noon fell at varying tli~tanL'c:; from the 
therll1oll1eler~ in thl' eenlcr llf the WOnt. :lnd 

.(\1) l',·jtl'·'Il·C' ('xi,l~ Ihal 111'11'" :,\". 1 ,.""t.! a .. llI:lllv 
haH' 1",1 h"al al ,I 1,,11"''- r.l!" Ih;\n ho",,' \". ~. ~l\,1 in 
fJ('t tlwre i~ ~onH" ~li~ht ('\ idt'IH't' tn thl' Ct)Jltrary in 
IIlllr:: r"bli,'" 1o "o,)r crark". It j, {,'r llii, r,·.l""n IIt:!I .I 

I1wtC'ring difT('n'l\e,~ (anel a f'on~t~lnt pt'n','nt'l;.!e ,litt,·r. 
.·n .... ) "f apl'l"OXill1aI"ly ;; pI'r""IlI j" :1-,,,,,,,·,1 t" e~i,t. 
:\hh,)u;::h iI h~" b",'n TI'<J",·,lt'd "wl .. r, I,,· ,·I,,: .. kt·,! I ... · 
ft'f(' itbtalbri,'l(l. Ihi,", appan'ntly W~t .. lint dnl"', and ;1 i~ 
ht'li,·\"(~d ntria!inn:-, (If a~ 111111"" -:1" ,; lH'rrcnt :Irl' nnl tlT\· 

,,-,,:II afler 1",,;! ",,'. II ,,!lII,,1,1 I.,. n·'·IIr.I,·.! h,·r,· I!:.'! 

I,,,th h"I1"·.' 1",! h"'l1 \wr!UI" ](l p"r""1l1 11!·,r,· r"!,i.!!> 
undc'r Jllirth Ihan und,'r "'lIu:h WiLli .. , with d.lllr.;. f.~l·::':'" 
r:l-l. 



t,· ,,:', .,., :::i- ";;,,!,'I\' "il:l I>h! ;::-;W!,·. Thi-, 
tl:~~'t .. \'. :;;'1 !11:, \ .~~·!.l:i·)n in .~._·tu_d :--ur:.L:'ati!l~ 

l'~~.'\ t, \, ~li·,·L 2.jlp.U tl:ltl~- arl'~t' frlJIll th,_~ ::.n~)\r 

C,'I c'f ""j~:jn," until ahnut \!Jrch L iTltrtldll('t'~ 

'C'" ,--.11 LHi,l~l!"', :~Ild \'t'r~' S!lhst:lIltial ;l,ljll"l· 
::;c;,I~ of Lht' \l[i~ill:ll calcllbtion3 ha\'" llt'cn 
:::ane. th,' .'X;;l'-t :I;iturc "f I,'hil·h ClnllP[ ht' rk· 
;.nil.cd ill :I r"'~"':l,tl,I,' "pa,'c. In making th,,:;[· 
aclju:'ll11,-nt" :;, .lJr·Ll(liati"lI dJLl of thc \"l':lth,:r 

Bur,'''!! :It Lin,-"!" ha\'(' I.,-t'n the h:l"I'. although 
wht'll we.ltll ... i,. dl:lIl,;!l'ahl., tht' rt'bti.)!ls h<'tl,'cell 

the two point;;. :2t)l) 111ik!' apart, i,. Ill'ct":';lri!~ 

\3ri:.hlt'. 

The Illl'l!wd Llr originally computing the value 
of ,.UII ht:at haf. heen to comp:lrc thc an'r:tge of 
maximlll11 and minimullI temperaturcs of hOllO'e 
:\0. 3 ,·;ith outdoor lllaxima and minima. If on 
this h3.si,.. {.}r eX:lIlljllc, it i" ;;howll that the 
"unheatt'c1" hO:Jsc W33 he.lted 10 de;;r!'e;; by the 
sun,. wher:.:]o; OIl the ;;:tme day the eX)l(lsed ]wu~e 
was hcated 50 def'ree;; h:' sun aTld jue!, then the 
wn heat is as~uJlled to ha\'c been one·fourth 35 

greal a5 the fuel lise. This as:,umptioll is, at 
be;;!, a \'('1'\' rou2'h approximatiilll. and probably 
underrale3 5un hf'atjng.'~ 

H:!\'i!l;': df3hll the (,llrn' for tutal ]wai 1'!5~c3 
at 25 de;,!r,:e,. eml'L>ying all of tb, dala, the lIext 
step is It> oLt:lin 3imibr ClH\'es for zero and SU· 
d.egree lc\'eb of To, or allY other In'els 5uch thJt 
intermediate \':lIues fur rdati\'f~ly ~lI1all difTer. 
ences in To may he interpobled. The~e tl"O 
other prill.:!]'; curl'es arc shown in Tahle 3 ill 
skeleton form only, since the purpose i~ merely 
to iJ\u'lr:,[(: the method. '-\ctu:llly, th,; complIta. 
tiolls ,,'C! c' Illade for f'arh mile of ""ina, and the 
diITcrcIlCL'" fr(.m mi\.· tn mile vcry carefully 
SI1lonth(,(l. Te, ('reatl: 111':,-• .- I.'lll'l'l.',- tIle '',..t3.llcbrd 
ditierelJl.f'.'" J>'~r d"~rr(: "f To, n, gi\'('n irl Tab]." 

(E:'qJrt·,:.~I·d 2": i"i""fllub, ::-;.n-}]I';j! Iwr d~i.Y ()f hrlllr =.:: 

F"..ll'," , . 
--1:i:Y~,-- y C7 /i. To ). J- "I " {"I. de:.-. ill ,I." 0:1, lh,· 

ch.1r:J r j. j ,,f :1:·· ~'!!! h·':d;,::.: \".J.~ ;:q';' 'f"l,: iii lip' 0111"1 

h(I\:~··~. ;1- i: ',,! .. :-:ufiirj"J1: l'j cut I,;I! Ih,' j·),','lrit.::.d 
"hi Jlf,'r- fll: ""','"i II L'I1Ir-. 11 :SPJJI'.!f··'1, :..I: }":J-..! with 
tL·· ,- '11!,!,.il h·",-·,-. t!:'.: ~! 1:11,' \1"'1 dr,-.,' III IL,' 111;1:\­

j'JI');:l h~,- "ll-::!;;,"'; fi., ;11 j":i-l .... ) tl"r, l~ft!II" ;1::"[ )() t" 
! J '~.'.:. \, I' .. j. ,'"J · •• ·r. :h.· ,.fl'·r-! 1);1 l'lf',1: d.l, - d,,,·-
r.'J~ ~';'I"'.~: : .. J',\' .. ,.,j Ii:,' dT;·("! 'I( Ii',rlllal .... 1111 r:'· ... f,n 

2 .. ) -(r:H" f"I': or -!;rf:wI', It alljl.lrl,,,:l) j~ f1';! tll'­
i"'~' ;1'lj~ Itr; .:~h/'-·; .I."::, \)1:; full-.- ~- TIIIl!'" 1111 ,h,· r 11,lr-
8,1';,r I;! :!". -.. ,,:!~_ T1Hl dw "';I["r f'l1lr.d Iii i,iTld .. \\· 
i·~~~. ~:,i: .t!;..,; , ''i:~:''- j"'il,;' L";I~,',l flilly 3-- 1!l!!,'J!, 
.:!'lrJ I;:;: Uy iL ~!:,. lillI/I:;:!;', a !I"",- Jr"! 

" 
: .. : ,;,. 

!. . ,~. t·: .. : .. J . 

2. h'II,· b"t'll U:",(l. llludific,l lIjl amI dl'wlI by 5 
percellt. Sll Ih"t Ihl' ('h;lIl"'c~ arl','a lilll.· ,harp.-r 
frlllli (Ie F. r.) 2.)~ F. rh:!ll frulIl 2.)" F. 1« • .'iO·: F .. 
~inct' they Ill;]\' he asslIlIled propnrti'ln:11o' to rhe 
JltTcl'IIl:!f!e challge ill ah~olllk telll}ln:ttllrc". 
Figure .1 :,ho\\'5 t1w rlne.! pri[llnry curl'l':', :lntl the 
25·degrec ('un'" ill Ihl' la,.t t Wu sLlgc,; of devl'lo]l. 
men!. 

Curl'e:' for the three temperatures nre carri,'d 
through the processes of separating tranSIl! j""inn 
from infiltr:1tion, reducing the htter hy one h:llf. 
and [Jchling whnl seem to be appr"pri:ltc fllll' 
losses. The resultant rates are then re,]uct'd hy 
amollnts ,which correspond in a very f:cneral 
way "'jtlt the sun·hcat vnllles a5 originully fuund, 
s-o that the filln! ('urves are again fuel'lIse Cllf\·e". 
It is thel'e whieh nre, as a final stcp. interpolated 
for Table 4. 10 gi\'e rc~u1t~ by 10.degree stnge;; 
from __ 100 F. to +50 0 F. 

Flue-loss calculatiolls.-Ill the~e pr(lCCSSes only 
OIle element ~eC1l15 to dC5l'rY'C further eXplan:1linll, 
as implied b;' earlirr commitmellts. This is thl' 
allowancc for flue loss. In Table 3: two sets of 
figurcs are gi\·ell. although ollly one of thelll has 
becn uscd. Frankly, they represellt difIercnt pos· 
sible interpretations of the snllle elata. Thc l\Titer 
does not knoll' which is bcst. Briefl\', the l'itU3' 
tion is this: The] 036 re3ults, which'include ex· 
ces5i\'t~ flue 10;;". ,dll'fl comp:lrecl with the 1937 
cune for tota] lu:"scs at 2.') dcc:rr-c:', s-ho\\' that 
the pr('sunwcl flut' 10.'-:'('5 stand ill COl!stnllt rela· 
tion to illfillrntiolllo:,~c" at 7.18 and 12.93 llI.p.h., 
the ncllIa! ratios :It these Icl'cls being 1.61.1 and 
1.6/'( re;;pecli\·e]!. Sillce, ho\\'(;\'er, the ratio 
at thc minimulll, in ~till air, is llIuch higher (:-lA, 
as assulllc[l) it i~ cl'idellt thnt the !ikral clllploy. 
men of the~c tll'[, cstalJlished ratiu" 'rill rc;;ult in 
a rcrcr,,(' ('urn, haring a dO\\'llw;lrrl trcr!(1 to 7 
rn.p.h .. and ('\'(,n dipl'inC! ~!i;,:htly lo\,;l'1 aroulld 
1U Ill.p.h .. hdure ri,illg tl) 1.(17, at B. In ;1I1,li· 
tiOIl, there 11"" ],een c(lu:'cd a sr'cuull rcvcr,;al 
fr0111 1'1- 10 20 llqJ.!t., rqr ("}lI"c[,l'ati'lll, !Jupin;,: 
th,·r.·\,)' t., c(JlInlt'r<tct :111)' ]>o""ibilily th:d tl!l' 
mc,lg"r r1:11.1 fiJJ' \'rl.witi(';< abo\'., 1::; llI.p.h., in 
1 'J.)I, Jlli;~h! nol he ~a fr :I\'l·ra;.:t'~. TI!lI~ th" ral if, 
Oil th,' (\lI\l.' a- lI~"rl, :11 2() 111.\,.1: .. h:l" rl['oJlIJl'd 
tr) 1.1[; 1. 

Th.· altnJl:lli,(· I';-"I",·jlioll illlpIi,·, tln!1 tiJi-. 
ratio of (Ill., 1.,-·. I" inf,ltr:Jtinn ]"",- SJIOIlIt! de· 
dill\' "h:rlj,h, froll' () I" aJ,I)llt S lIi.p.h., to ollh 
1.(/) :rl -; 1r1.I,.L .. :lIl1! fr"lJl tlLll \·t:!,wity I" 1,(,:\1 
;It 2() ""I,.k Iii ntlditj'>II. hOlllO\'r:!', it ilJlJ,]it'" 
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Fig. 3.-Progre8,ivt" step8 in IiTldiI1~ fuel·u> .. r3te5 applicable to house of nOfillal pr'Jporlions. 

that when these "standard" f1ue·lo~5 ratcs are 
reduced on a straight pcrcentage basis through. 
out, it shall be recogllized that the minimum rate 
of 3.4 applies at 0 velocity, regardle5:> of the 
"efficiency" attained in actual winds of 4- m.p.h. 
and o\"er. There being no sllch thing as ada)" 
without wind in the Plain~, Ihi~ Sl'em:, academic, 
and intercits u:, only becau:,c this minimum can· 
not be cOltlledell with the curve rcprc:,enting, 

say, only 53 perccllt of thc ~talldard flue lo"."l's, 
without afTcrting val lies lip to 4 m.p.h. Thus. 
at least the lowc~t line of \"allll'~ ill Table 4- would 
show a grl'ale'r "fbltening ofT" of the ratios, 

which is logical.' 
Howc\·cr. 110Ih of the "alternate" colulJlns 

which arc i·II:;crlt:d in Tahle 3 arc ha~cd on a 

combination of f111'~ lo:,:,(~" computerl ill this man­
ner antI abu hy eOlllp:uing the ]t)3(1 rate~ with 

totallo5se:' frellli Ihe h()ll:"~. The l(l~i(' of thi:, is 

'Thi:-:. i~ 1I11'allt ill a l'r;tr!i.·~d :::I.'n..;c. Except \'·,ith l':l. 
hurnil1; pL.nl' r1wrlllw!:llic:dly "\1l1lm11,·<I. :1 stove or 
{urnul~(~ whidl i:-: adt'llllat'· fo, 1111' .ilHlrl' ~~'v,'rc \\Ll:hci 
simp1y CJ.1I11f11 Le "hdd ,Ln';n" tl1 tilt, 11)\·'-t'-·l tkJ;~.lll'!'" 
upon it. 

thaI, while nue looscs may tcnd to "behave" like 

infiltratiun losses, actu311y 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 diiTerC'nt thing. :ll1d the ('olIlbil1J.­
tion of the tll"O calcubtiolls Illay telld to elillli­
nate any error in cithrr lIlL'lhod. 

If these "alternate" values are preferable, the 

data actuallr employed wili he found to Le in­
significantly afTc<:lL'tl thn1u(-:h th,' velocities of 8 
to Itt m.p.h. which will ordillaril~· be llsed in :!TlY 
(·al('ulation,. Here the lali,,~ t:il·cn in Tahlc ·1· 
may be too low by froll! :::! tn -I. )l,)illls ill Ih,; lhi!".l 
integer. At the cmh, how\."ver, op]l<15in::-: errOl"" 
of solllcIl"hat the salll,' ma,;niludC', possihly a" 
Illueh as 3 to :1 poi::t:: in Ih.~ ,('com) intc~('r. 
111;1\ be' irn·oh·,·,l. Thi" "(luL! ;,!Ted tIll" ink. 

;':1',11,'.1 re~lIlt hCl"eafl<.'r I,·f, ·! Inl tn. "hi'h .ld'l· 

ally t'lllplc»·" Ill,' entire ~;lllllll nf \"I')"ci!j",;, ·Illl! 

a~ IIcarly :1;; ("all br: ~,·,·n without a C()IllI,L.;,· 
dll'ck the ink,!Lll,>,] r,,--u:! L,n:;.! ~;J(l \;" . .1 j.; ,'"{.I! 
on tIl<' <:<1li-,', \';lti\ l' "i,k. 
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SlIELTEnnELT I~FITF\CE~ 

SU~DIATIO:,( 

As has been implied, b('~idl's showing fUl'I·u~e 

rates for seven It'mpl'rature Ievck the re~ult~ arc 
put ill the most usahle form in Tahle 4. The 

8.ssmnption is that reductions of ivintI hy wind· 

breaks arc /lIore lib-]y to bc of the gcnrral oreler 

. of 35 percent than any othrr, and that if they do 

not vary too widdy from this l'tamlard, or say 

within the lilllit~ of 2:; to 4.'5 perc'ent, it will be 

sufficiently aceurat" to assume that the reduction 

in fuel usr (the complcment of the ratio civen) 

will be proportionate to that computed for the 

35.percent wind reduction, at the propcr initial 

wind and temperature le\"el. If there is atly 

doubt of this, it will be quite simple to calculr.te 

the fuel·use reduction ratio for any initial vcloc· 

ity and percentage of wind reduction. Straight. 

line interpobtions between even miles per hour 

cannot create any seriou~ error, although in pre· 

paring Table 4 interpolations on the curve have 

been made. 

All of this permits 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 us cd per season, or its 

cost. However, it should not he inferred from 

fhis that sound predictions can hc made withoul 

(l) at least a qualitative knowlcdge of the pres· 

ent heat lo;:;:eo; of the house and whether th!'y 

are high or low because of the character of wall 
construction (and in~ulation) or becau~c of 
losses around windows and doors and through 
other craeks'su('h as those which all too of tell 
oceur at caves aml foundations; and (2) a fairly 
exact knowle(lgc of the wind vrlodtie5 to \\'hich 
the housc is cxpO~C'd,R and the tcmperatures of 
the heating sea~C)!l, although sume error in the 
latter item will h:lye no important e/Teet. 

"It is very lIn("rl"ll~I" in thi, ~Ollll!'ction that. al. 
though all fir:'t·onl,'r WI':1Ih('r HlIrt'3U !'l:ltion< han' for 
years ohtain .. d wind H'ln:-it)' 3nd direction r<'cnn!>, the'>!' 
are not comparal.l" for diIT('rcnl ,tali,me' ],,·,';111;0: of 
variutio"s in (·XJh1i'11r<.'. nor can tl,,'y he ~aid tn r{'pre"ent 
the wind H'lo('itil'3 of th ... ol":n country lll-arh!". It is tn 
be h(ll'('ci that, :t., :1 re,,,lt ,,( JHI'''''llt oh;,·rv.lti"n< r,n 
flying (i,·ld" it IlI.,y ],(' jll"'il,I,' tn huild "I' a (r.il't:'work 
of data (0 sit:"", :lrllla1 vI·locitk ... at \,arl{IU" c'l'·r.llj(lJl~ 
ahoyc o;wn grrdlIhL EVi'!! tl1I'.:e Iwllcr rf'adia~:..;. ho'",~ 
ever, are not to he l~kf'n as rf!pr':":f'ntil\~ \'~'l~h'iri,·:-:, ;1t 

lhe stat(-(} clf.'\",lliou:- alHIVl' ground; :1I11'll1IlHH'!rT' :11-", :1-

btforl!, gt·llc'f.llly ]~ f!·,·t aLn\"!' til,· blljltiin:~ TjlllL ~In.j 
llle ('(Ttet of t!w hllilclinr (':Jnno! 111' i~H('n·d. 

.. I 

!:-<TEGIL\TIO:-; or nl·::;L'l.T~ TO ~I::.\~I):' \1. n.,:,:~ 

It h~~ :dn'acly I,(',-n ('l11ph:l"i/'l"! rl;;lt ftwl'rc,J,H'. 

tion rall's or rati". arc; "I'erific f(,r rl'.t:lin II il~d­

and tl·mperatufl.'3 anc] ('llll1/'illatillll.'; l11(,'I·"f, ar;d 
the rntios ~hnwn ill Table·~ c1('arl~ illu-tr::k thi.;. 
On ClIle day, willt a 20.m.p.h. wind awl Z'.'~'J ll·;1I. 
pf'rature thl'fe might be saved :)S perC'I'nt I,f the 
fuel, while with thl' same 3.)'prn','nt rf'dlw!!IJII in 
wind, for a tC'll!p';rature of :~O~ F. <lnd a wir:d ,,[ 
10 m.p.h. th(' ~aving would he Iml:-- 10.() Jlt:r(;I'llt 
of the fud whidl othcrwi"c woulrl !J:l\·c hl'CIl eo!!· 
sumed on such a day. ::'.{oreo\'er, tl1<1t ba5ic fu('1 
u~e would have bcen slightly more than onc· 
fourth as much (1,61') again~t 6,2;)7 hl:at ullili' 
per hour) on the milder of the two rla\·~. \l;11ilt·. 
theil, the table may be u~cd for direct 't!3tirnatio~ 
of ~n\'in65 for ~h()rt periods repre:;,>nting specific 
weather conditio!1!', it is evident that onh' b·; 
adding together the amrnint.3 of heat that v,:ould 
be uoed in all of the diJTereltt kind3 of day~ that 
occur in a hcatillg sca~on, and car:h of lhe~p, in 
its normal proportion, can it be a,certained what 
the fuel saying is in term.;; of the winter'5 fuel 
bill. 

No attempt has been made to do this except 
for certain combinations of condition5 whicL 
arc fairly typical of the Plains region as a whole. 
The integrated results to which reference wil! 
bc made will not be at all applicahle if tlte cor· 
relation between temperature aIH] \·;ind yelo('ilY 
which oC(,llrs in the Pbilli' docs: not exist in th~ 
local climate. For exall1plt', a lucality in whi,:h 
the wilHh of higher velocity occur in"th,· coldc3t 
1110nths would rcyerse tIle Plain~ correlatioll. and 
hence wuuld produce a dilTerent illkgrate~l rc· 
t'ult for the heating sca:'Oll. 

Primarily Lo dctermine the frr-'lucIlcy of oc· 
currencc of \\'itld~ of difT"n'nt n'I()('itie~, but al~(l 
to bring out all)' exi"ting' t:Lll'rdatioll bC!>\'c,'n 
wind velocity and temper:!l urI'. will,] r"i'l)rd~ 
frol11 the airp'1rt at Huron. S,)llth Dakota. f,)r flIP 
heati!lt: ~ea3tll1.'; fall in!:: withill tl", c!lI'Ilt!:11' Ycal''' 
E)· ill. ] 'HI, ant! 11).1.2. a tlllal of [::)!~ dOl':.-. 'luYt' 
hel'tI d;,~"ifi,>d tIl the nl'an,,,t mil,· I ~ '·iwlll' :1\ IT· 

:l/!"". (lnly, U~(,.J·I awl the cia,:' "(' ·.dliclt (':I,·It IH'· 
('lIneil d:l""ifi .. ,] a~ to (c-111p;,r:ll11 rt' ill 1 (I'Il.-;.:n·,· 

/!roup".~ TIll' 111l':1n u'I"I'il\ [PI' ;.]\ .1';1.'; r. " 
I:UJ:)g m.p.h., the extn'lill' 'wl""i': . :~~.() ;!],.] 

UTI", 111l1't1hli·h,·d data n'· ... ·<'.I1'· f .. : Ih, .. ·· '·":n;".'.;' 
lioil' hay" Iltt'n ftlrni .... h~·.J rhr.~~I!"J; !ht· ("(11::-1 •. : Iff '.:: 
H. 1:. I.:l,k.,,·;....:ki .... ce:il!!l dir, l'!~'!: or d.,· \\ 1· .. ·1. 1·; .. 
1""11 at Jlnr,·T1 . 

'. 
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3.:i m.p.l!.. ,md the mean te\np~rature for the 
h,';1l:n; "CJ:<lll\ i~ 35.70 degree"., but during the,,;e 
\ l',n; 3wra2-c'd about 2, degrees above this nor· 
n1:11. Y dociti!.';; are expre~".ed as percentages of 
thi:o awrage. as it is believed the snme reJative 
",,-'alt' may be applied where the mean velocity 
i:: either higher or lower. 

Since the writer knows of no such data being 
publi,.hed: :md it may be helpful in other rela· 
li(ll1!', \~ind frequencies are shown in Table 5. 
Only a[ the extremes where the groups are not 
,,'ell filled out ha\'e exact averages been com· 
'Pu[t'd. 

While the",e ca!culation5 are for the heatiqg 
",::-;;",0:1 of 279 days in this particular casc, i[ 
ffi3V be 2Esumeu that the relative frequencies 
wo~ld not be ch :lIlgi'd appreciably were the heat· 
i:lg ~e230n Ehorler, or were the entire year ern· 
ployeu: although the average velocity for such 
::~350n mi;ht be higher or lower. 

:\;; to eorrc1atiol1 hetween wind and tempera­
ture, this is mainly due to a markcd rise of wind 
with increase of temperature i:J. :'Ibrch and April, 
with, only a slight wind rCf.:f!.3,ion in 1\la)', thi~ 

b~!ng l:-pic:lI of the Plain_" as a wholt:. This sea-
5c>na] relation is not o]J;:r.ured by a contrary treml 
in the fall. 

Thus, with adjust\lwIll~ neC(;5:;ary to put telll­
per.1turcs Oli 2 norlllal ha"j~, :lnd to rctlure the 
Huron airport veh,cilic:. to thQ~c which arc likely 
to prc';ail al ]:2 fed ahovc groullc], or :ll'proxi­
;:i.?:ch- 3t the )llicldk of a 2-~toIr hou~e, the 8:}g 
hcati~g-;:f:iI-oll {b::~ have bi!l~n dil·id{.'c] inlu f"uJ' 
\-,t'rirJd, ,i.(,\','iJl6 Ih,.' fol!.clwing char"(:l':rj~!ic:,,: 

1'1') 

:\ n;_ I':',,; •. : F. 
l.n 

21 
·1:~ 
(jJ.?~ 

Ave. \'('1. ]2 fL 
al)fJ\(~ :~r()IIIHJ, IIl.p.l1. 

9_7(, 
IV..1~) 
ll.rn 
lUI 

Ihi, illl]'l!,'; th;lt, til obtain an inkgrated heat-
1I.<t' Lltil" tht' alll()llJlt~ of heat u,:c with aud with­
out a gil-ell Willd n'llllction should he wurkl'd out 
for the fOllr telllperature le·vels, and \"ithin these, 
for each of tht' eight \'('Iocit)' lcl-cl:; !'hown in 
Table 5. Haying performed the~e calculation,: 
for each 1t?!l1pi'rature, the fOllr will ht: combined 
in the proportions shown by the numher of days 
for each. 

The int<>gr;ltcd rt'~ult ill this C;1;:e, for a wind 
reduction throughout of 35 percent, i~ a ratio of 
.7i'91. This ratio j" found, by Table 4, and at 
the mean hcatillg-~eason temperature of 3uoF., 
to apply at a wind velocity of 11.80 m.p.h., 
whereas the mcan 12-fool yelocitr is 10.795 
m.p.h. . 

In sliort, then, due to the far greater import­
ance in the season's total fuel use of. the minority 
qf days haying appreciably more than average 
wind velocity, we are ju::.tificd in assuming that 
to read the fuel s1'\\-ing somewhat directl), from 
Table 4, one mile per hour mar be added to the 
true mean velocity which is applicable in the cir­
CUlllstances. Withal, the effect of temperature on 
the ratios is small, yet it is obviou:5 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 cal('ulatiull has been made frut:! 
the assembled data to shuw what effect will result 
from tht: tendency with nearly all windbreaks to 
give an incrca~jng percentage wino reduction 
with higher Hlocitieo;.lo If it he a~5umrd the 35-
percent reduction of wind is obtained at average 
velocity, and that [his increases or d('cre:l~C5 0.5 
percent with each m.p.h., the eITee! of [hi;, added 
fador i;; to challct' the average ralio of .779] 
only to .i757. Howe .... er, as tItis ratiu apl'lic:: al 
a \-clocity.of 12.0;) m_p_h., it IllOre firmly csta},­
li~h(-,,, [he fart that the full Ill.p.h_ may he added 
to the J1](,:IIl, w!tere long perioll" and a great 
variel), of wina.;; a1l(1 le\lIpl'ralllre~ arc iJlvolved. 

lOll. ";i",!bY"al: (>f a gi\'<,,, Iyp'- d .. ,·, n,,\ n',)lIcc th,­
wind hy a :!in'u lltH:,lwr cd tHik...: 1"'1' h'dlr, hut tllll)"t' 

Iwarl)' by ~ ;:i",'" p.-rCl'nl:l:!I· :It all till"·-. AClually. Ihi.­
pelt'I·Il~:t,'.'·1 aI, m .. ~ lrl, ... ;tio:l·', jl1j·'t'a'-,'., ;t-; thl~ wind 
'n:1'Jrity jll{'!~·.l ... I'': .... J 1!1;J:, fill' (',',.i.llIpk, if a ;loln.poli. ,,,illd 
\\'1'11" d'·'T":J-,.t! ~i) 1~!·rl·'·ld. or 1 In.p.II., a ];}.III.J1JI. wirl{l 
lIIi;.':!.t I", d,-n,·;,,-·,l :-.i 1'.·r~'·I,I. or :~_7:) lIl.p.1t. Si" ... -
calculation.: }lI'rl' ,d'<I\"- II::1t lh;~ "lJ:JJJ:.I· IIIJY lH! di .. · 
r,·gard,·,!, if v"' ,!··t.·r!!Ii~I" !l! .. 1"'Tf'('II'([~" by ,·:1Iid! ll,f' 
wincl i, II dtll I·d :11. :!.!Iy til".i; .',n · .. ·ludty. tId·; I)f'rcpnt~!~" 
111;')' ~ .... ;t:'i:~;I';! :" 11". tIll" 11\1';111 v,·lnl'il), f"r 4.1 ~{'a..,otl. 
\'.1111 In ~;·lll:,'·;!r.~ c'j I'lL 

.... , .... ;-... 

..... 

. : -.-. 
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SIIELTEJWf':!,T I\FJ Ll,:\U> 

DECHEE OF WI:\r> H":!JL'CTIlJ.\ TO In: EXI'ECTElJ 

FIIO~! Tnn: Bt:LT~ 

Tree hell::; plnc:cll :!JJout farlll building:; Ill:!)' 

give much or littlc protl'(~lioll, amI ill thc lIorth· 

ern Plains may complicate or ~ilIljllify the prob. 
lem of sno,,' driftill;; about huiIJillg~, according 

to their placcmellt, CfJlllpo'''iti[)ll, alltl dcnsity, 
and, of cour,~c, their height. Whilc evcn the pro· 
tection ne:!r the groulHI line gh'en by :! thick 
hedge may be helpful, obvi(Ju~ly the trec:; should 
be taller than the house to be protected to obtain 
the kind of result.:; which the test houses have 
brought out. V cry close to the windw:!rd side of 
a belt, air currents produced Ly strong winds are 
being "shot" upward, but the)' qui(,kly tllrn down 
again, and over the top of a wide grove should be 
thought of as horizont:!l, with a tendency to dip 
as 50011 as the edge is rC'adlCd .Height is not so 
important therefore, if the hou;;.c mar be placed 

. quite ~loseIy ill the' Icc of a narrow bclL Bul 
again, this may be an area of consirlerable SIIOW 

settling. 

Of all the items which afIect the degree of wind 
reduction, it is safe to say that none is so im­
portant a5 the area which may be devoted to 
trees_ While two rows of trees do not have douhle 
the efIeeti\'cness of one, and tht.: value added is 
less with each row, it is only through lIIa5S efIects 
that yery complete stilling of the ail' can he 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 din;ction5, or, for 
the average, anywhere except in :m opt.:nillg more 
or less in tlw center of all extensive grove or 
forest; :lIId that if this is to he an opt.:lling of an 
acre, ;;0 that the yard is 110t elH'lllllberrd by tree:' 
at all, the grove must hI', let us Sly, 70 feet hi~h, 
E\'en in surh an opcning one would naturally 
seek tl](, north side to obtain hc .. t l'J'okction for 
a house, 11Jlrl in this opL'ning there w0ulrl he lit· 
tIc or 110 probl"lll of 0riflillg ~Illl\\" With such 
prot('di(llJ, the data of Tahl(~ ,~ ~lww that \\'h,'J'I~ 

the mcan hcatillg.sea~orl II'lllpl'l'ature i". :Wo r,' a 
saving o£ 1j,2,l pen'cnt in fuel Illic::ht I,,: made 
(u~illg thl~ 12'I1\,p,h. lill"), or ftl! ·W" !empel',l' 
ture, 39,0 pacellt, tI1l'''1~ \'al!le~ h,'in,~ \'oll~h!:- l.n 
tilll(,~ tht: savillg 10 k' had with II illrl rt,,!tll'tio!1 
of only :15 per(,l'nt. 

\~;ith llIall) Ltllllc'!<':!.j" it i" f";!,il.\" I" h,i't' ;1 

Sllh~t:lllii;ll helt (lilly "II \I::,'. "idt' uf :h,' h,'I1"', "I 
at 11\(1,1 lwp, :\1111,,:,1 iIlY;tri,,],l! Ih., Ii"! Ii! -;id" 

"'ill bl' flr:'t "lillie.:, If, l'v~~i!)ly. th,'lH,lI''; ;, t." 

do~" tu a roau [)Il Ih.l! ~id.~. ur ttl "tlll'f klilrl!l;.>, 
Ihe W(.~st witl be ""COli'! ci".i . .';; in th' lI:·,r:1:.~·rn 
Plain,:, but I,f cOll,idera]'l), \\'~:' imj,'j.!:.lw',' or 

valllt.: farther ~()uth, III Il:c n"rth,:rll I'I.!in~ I\<,t 

ollly are north :l!\r\ llorth"'t:~t lI'illd~ ,'tJl!1l;\','!l.,' 

the nlon: pl'/'~i"t'~nt thr"uc;h tire hl-atill~ ,~":J:'):l. 
and lik,·ly to 5holl' the mu:t extreme n!c.citi.',. 
but al!,;{J telllper:!tul'l'S are ·t to 5 (legree~ lo\/,'r 
whell the Will.J~ are ill - th:lt quarkr thall I',h.:11 
~outhcrly. SinGe snow urifl:; ill mainly from th., 
north ur north-we:terly dircdion, th('rr. i~ Jcl,Ic',j 
reason for having the belt on the north, l,ut onll' 
if it is of sufficient width to form a SlIOW te.;. 
may best ach'anlage be taken of a position c!'J~e 
to it. 11 With narrower bell3, both snow move. 
ment and actu:t! wind protection at the higher 
\'elocitic5 dictalt! that the tI!:'tance ~h:lII he mor,' 
nearly five tilllP~ thall twice the height of the 
trecs. 

Such being the facts, it is de3irable I,) ob.;el'Y,," 
jU51 how good is "onc.\\'ay protection." L'nfo:'· 
tunatcly, there is available but olle set of rC;il.I. 

ings, on a harch,r;od Lelt, coYt?ring a "ufficiel!th' 
long pcr:iod ill the willtcr (with :he~ tr.~'~:; Icafless:1 
to give representation to wind~ of all dircGti.):~~ 

. which must hc taken into aCC0Ulll. Even thc,'c 
observations arc dcfieient, ill that there arc n., 
comparative readings except 3t an e!('\'atioll 16 
inches abo\'c ground, 111e::. .. " hO\"c\'cr, show 1\:,,3,< 
efIect of ground friction th:!!! li:'lla!, as ~ O!o>1cl, 
somewhat wa\'y blanket of snow covered thl' 
ground during IIl0~t of the pcriud. This en"t­
west belt at II uron, S. Ihk., was "tuelic(! durine: 
Fchruar), 1937, and is llt'lien-.! to be fairly tyl'i. 
eal of the hettcr farm"lf~ad prult'dion commn:lly 
vhtai!lc(1 from Ihe hanlwo0ds which '\n:l'<' :d:!ltl:'l 
exdllsi\'e!y I\~ed ill early pblliill~", It 11'.1~ 21}:) 
feet wide, with the cott0nw0o,1~, which l)('cupi,',l 
the north half. ,I) feet hi!!h, erel'll a'-\l trc',·~ 
ahout 40 feet 'hi~h, ill the~ ~ullth halL b'pt tL 
belt as a wh.)!,! frl)!l\ bl'in; a.:: "1"'11. b.,l.),\" 3" i: 
wou\!1 othcJ'wi:'t' kn'c heell, .. \ II "f :il" trt'C,'; Wt'I,' 

olel, howl'ver, and tlll'r,' \,a,; ,;1';lllt lI11tl~'!,;[(iI' t1: 
(Fig, .~), 

u~r('dlanic.dh. (llf·f,· i, I,·..; ... dit~l·p'nl'l~ b'l· .... ·,·r. ~h 
ditTcl','nt ~idt':!' ~f b,:1t .... in prl)!t'cttnn ~i'''''II, 111:..111 mi::~lt 
In' ~IlPJld":t'd, if .... I·3. ... tl:J·!('II~~ \f·J.,;·i!j~·..: bt' l'un .. j,J"I!·:i. TI:, 
north :-,itlL' (If ~, I'IJI~q •• ll': l·,·lr 1'::,:- t .... qlli!;' un:t:!,: ~i 
tllt" \~·j:~ll 1'~!1l '~\'r''';\ !:!1'~"!') t~, t',' "~~"'. <1)", f!)lIr·!if:l:~ ." 
PlIlI'li l,rnt:·,'Ii.·:t :\ .. t!:. >"i!l! .... ~ ::', '1':" \'I':Y 1·:."!!·l j :,, 

whi,'I, II t.l t.." 1'" n 1.. ~11'+ .' i:\! .r .!q " i. ':1 '!t ~ h· 
",-ttl!. hp" ""f'" (·~j1: ... r' (h;.., :,1 !" :;:" h·l: -: ;111 ,,:~,;, I. 

Irq "Uoh .I f if!~, 
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,'" . :_ :.'> ",",.1 ,,\',,: ,c.Y 1,.:i~Jc1 "'luil :l1"n! to 

] ~,JI; .,:,_k .. l :1:: ,1",1:;,';\ "f 1:2 f"d_ \\,hilc the 

";'1<,:;;;·,1 c,:)~;.·r' ;1! )(, inche, ;It)0H' the ~1I0W 

]':',>1 :iL"",~,'d nJ.:? 1J1,:'.h, :\cc0rdil1!,! tC) Huron 

\\"",:!h,'1 J~:lrt':l:l ],,,'oril,,, :Ill nnrt!lerly "'illlh 3('­

C,':I;,;",l {"r ,:;;,_~~ 1't'rc"llt of the milc:J3c, while 

th,'· ;;"f!:-::J f"1 -,;inkr i~ only +1.3 percellt from 

/lorthc,d\· qu.,rit'r~, :\H'r:lf'c It'lllpcratllI"e ,,'3~ 

10= F. 'rncl"f th·.'~t' cirCt;:113t3liC(,~, a poi:1t 3-H, 
or ~l II fed, ~ot:th (If tk' rage (If the helt "howed 
thc I"w,':'! ;1VCD2t' v,'loci!\" lIcar the ground, (.0,2 
ncr,ent of Ill:J! ~1! the c~:ltrok :\t 2-H it ,,";IS 

():2.2 perccnt. :\s ,,-ith many other helts of ~uch 
OpCIl cb:u:lcter, and with ~bt l'arriers, higher 
velocity was showl1 at the Ic'~ward cdgc of the 
hclt-~5.9 percent in this ca;.e. Based on the 
showil1~ at 3-H, assuming the percentage reduc­
tion in willd 10 be the ~3me at 12 feet as at 16 
in('ht'3. butrt':l,ling T;).blc cl at 12.5 m.p.h. I for 
a parli:Illy ge:1Pra1izecl situation) it is found a 
40-pcrccnt reJuction at 16° temperature ~hould 
reduce fuel UEC to 2,017 E.l.u. from 2,783, or 
by 7(>6 B.t.u. per hour, or 27.5 percent. 

For a total of 150 hours it is possible to segre­
!!3,C unmixed northwcs: winch eoyered mostly 
L,' ,h,:'1't int':'J"\ ;t!s beh,'ccn ob"rn-atiol1~. r or 
tl;is limf tIll' :IYCr:l~e 12-foot nlCK:ity is 12.35 
m.p.h_, that IlC::lr th~ ground 10.64 m.p.h., and 
at the "low'- point, 3-B ~outh of the trees, 5.01 
m.p.h. or c17.1 Jlercent of the control. Tempera­
tures with ,uc·h winch aycraged about 13° F. 
Af::lin u"ing: 12.5 m.p.h. a3 the b::lsc, and .5.9 for 
the reduced \·clr.Jcit:.-, the heat quantities illyolycd 
bec(.mc 2,rJ']O for full ,"'ind, and ] ,933 for thl' 
rccluc'eel i·;inu, Cl 5::l\'ing: of J,057 n.t.u. per 110m, 
or 35.'1 ]Jf'fCcnt. 

For !II'O (;()I1-(-{:lIti\"(~ d3)"!' wino at the control. 
for 12-foot cl.C!Yatio!l, awra;.;eJ ] 8.~):3 m.p.h. frCJIl1 
th(" llorUl\';e-l, tlH' ground \·,illd 1 :>.2·) lIl.p.h., [III,] 

that iit 3·B south (Jf the Idt (,.(,(, In.p.h., vr ·13."7 
]Jrr,:i:ll1 (Jf th" crJiJtr(,l. w!Jil" Ir:lllpcratllrc '1';1, 

aJ.,r)ul )::i~ F. A-'lIrJJiTl.~ !klt !JII" ) 2-foul \',:i"city 
hilh prutu:lir'll \,:;1., R2::i m.p.l! .. tJJ(~ he;]t \'al1li"­
in-. (,jn:rl arc ~.l'/) ]:.t.u. fllr fuji wind alld 2,2:n 
f'!r rl:<hu~d \Ii,,'], ;1 l'·']W;j('1i ()f L{):)(, lLt.)). ill"] 

·1(}.~ p{~r("'l!L 

TJi':'-,~ ]a~;I:r \'~.1·!p .... 'II {'(lllf::-(', n'lJj"".-4"l,t :--l, f Jrt 
l'f.;j(~,·J;.:. 'I}r< l'l:TJ'{'""-': in di":~;IL..;,,!p~r tlJ(')1l in d,·. 
!:Ii! i.c , j~: I'dt. Ir, '],"\'. th: Tl\(·th"d If) ).,. I'lll' 

p]'<' {'C] ];J l>.~- (If t11l: 1;.:Lld;:r d:t1:t. Lut lIf!)rr.' ],;:r· 

ti;'L'~~lrly 1,) {'rr;!J~,~,-i/[' :11" I'fljlJ~ tl,:d 111,· Vf!':dl'r: 

~;l\Il1;~ of fUt·!' ;,~ cxpn'>;'I'c1 b, pL'r('('ntages, 

,',)Jlk ;It th,· til1\t'~ \,·ht·[] thl ftld lI;'t· i~ hi;.:h. 

The qllC':li!lll r{'mail1~ a~ to whether the lIleas­

Url'lllen!" l11::lde on this Lelt may iH' cOIl:,ic1cred as 

reprcsclltatin' of the hcating ~l'a50n :1:' a whole, 

with app1ica!ion to the c1il11::l1i(' condition" whcf!' 

llwde, or to othcr". 'In :1tt"ll1l'!ill:; to <In,,wcr this 

question, the fact that the ~outh sidr of lhi~ hdt, 
during the l11ra~\ln'lllJ:lIts, receivcd more than 

normal prnlt'('tion from north winds may be 
pitted against the fact that the reductiuIl in wind 

"c1ocity, in thi,:; case a~ in all ~illlilar ca3CS, Ull­

doubtedly WQuld have becn greater nt the level 

of 12 feet, than at the I('Ye1 of only 16 inches 

a10\-e the ~now blanket. This applies u3ua))y 

out to a distance of 7-B to SoH, and is particu­

larly true of statioIlS c1use to the belt or bar­

ri·er. 'Ve may take it as an assurl'd fact, when­

ever the stru('ture of t11e harrier is such as to per­
mit marked current;; vf wind to "blow under," 
alld to show higher :;round velocity immcdi3te1y 
to leeward than at points somewhat farther away_ 

This ehanl('tcristi(' ha~ heen noted with the slat 

Fi;·. ,]. ()Id e,lIillm",,,,,d and a,h I",lt 
~J)-;-;. (j~ L.1·~:f1 Irf)!]) Ii", JJfJrtlr :lJlPf'J>..j. 

lIlal,""ly :IJ/)n;~ t}JI JiIl" 01] \.,!Iidl ":illd 
vdqcili"~ \','t'rr: In'·~'':-lIr,·d; ~(J(: {t'd ,·:i{!r., 
("/Jttr,n\,,'/dHj··- fill w'ar ~i(k 70 f,·/·t Li~~!1. 
Y'llIfl;.',·r trl:r', f~(T, Ill!>l t· r·,_·i ·1:ITle,: 

1hf'Jllr!1 rrt';~I"r lilJd, JII' -. <I: ), ," ... 1 a1IdJ;~ 

! 9 1.. 
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barrit·rs which ar •. · uf the ~amt; "dell~ity" frum 
top to bollum. :mJ i:< ':Vl!!l more likely to he 
notcd with old tr'~,·~ which uiIer littl~ ro'::i~tan"" 

near the grollnu. 
Alth'llE!h data for thi,; hdt wefe n •• t takell, a 

setup on :111 noh gro\'I', ,10 feet high, with mcas· 
ureJl1ent~ mad,· in 5'~rt('1lI1)(;r, 1<:);>'S,. aflpr the 
leaves hat! llriet! nnd were partly LIII.;n, gi\'.~ :\ 
clear indication uf Ihe nnlure of the plwnolllenon. 
Velocities aho\"f'! ground were !lot, in this Ca5(', 
taken at a control 5t::1tion (except at 16 inches 
and 16 feet), bUI rather at S·foot int,:rval" on 
"towers" erected at a di5tanec of 2·JI both on 
the windward and lecwnrd sidc.;:. However, the 
..... indward stntion velocities mar he adjusted to 
control·station values, at least up to a height of 
16 feci, by very simple relations. 

With or without this adjustment, 11 IS found 
th~t at all wind velocities abo\'e 10 m.p.h., the 
leeward station ~how5 the lowe::t ratio to wind· 
..... ard velocities nt the ele,'ation of 15 fcet, while 
with a wind of about SA m.p.h. the 2S·fool level 
showed the grentest redur.tion. Selecting a NNW 
wind of 11.73 m.p.h. as lleare=-t to the means 
that arc of interest, n'ith the adj u~tlllellts, these 
ratios read .S:l-t at 16 inches, A-t7 at 5 feet ahove 
ground, .396 at 10 feet, nnd .378 at 15 fc·e!. 
From this lc\'c! th!;!}' increase to approximately 
.600 at the level of the tree tops. Thus, inter· 
polating for 12 feet in elevation, we have a ratio 
of .339 to compare with thc "gruund" ratio of 
.544 ill this cnse. Certainly we llIay count on a 
fifth greater reduction of wind 12 fect above 
ground thnn where the obsen'atio!l~ wpre habitu· 
ally madc for close·in lecward pn:;ition,.. Thc 
·same ciIt;Ct occurs in ll':;~(,[ de;':fI'c when' the 
same station hceom.'s a wjndw:ll'll one. For thi:! 
grove then: wn~, at 2·1I on thc ~outh "ide, a gen· 
eral wind reduction percentage at 12·foot eleva. 
tion nt lea:;t onc·eighth greater than that indio 
catcd hy the :lw'mOIlll'tcl'S at 16 iurhcg elc\'ation. 
It i". 011 r j Ildglllent- ·going Lark to thc gn)\'c 
mca::;ln.~(1 llIlller winkr conllition~--- that tIll! salllc 
effect won}(1 prevail thci"c to the extent of about 
onc·tenth, nnd that this woultl ju;:.t ahnllt coulIlt'r· 
balancc thp Ic;:spr frequcnc), of north wind;:. in a 
full, nonn;11 winkr. 

A fully integrated, lIorIn:!1 '·b,,,,.,fit" f!'llill thi,; 
cottoll\\'"oll and :I:,h grn·.c 11'0111,1. 111<:ro·f"\I·, ",~ 
ohtail ... t1 ,,~' a~,"nillill~ lil:11 the normal wi".! rllr 
HIITf.ln. which i" :11'<1111 IIU~ !!l.p.h, al 1~·[.,,,1 
ele\·atiull. wou!d :q'l'h. alld lInt 110,· f'(',l1wii"ll 

at this dl.'\'ati',ll lpr"kd.J~ 111"[" ,:':;l"il!l, ,,1.., 
Llill!!d at 2·1l thall at :~·li" \'<llI!.! I,,; Ii) !H:r,··'r:l 

a.'; Ii I',t ~tated, anrl tll;.\t tho: II" ""I h,':!~: no; .• ",; , •• ;\ 
tClllJl'~I'ntllre wOIlIt! be :~6° F. :\" alI,!,.,dy p"int,·,J 
alit, the inte~r:lt{·tI r".-ult i- Ill::: "hid, :!f'l'!it:- ,It 
a velol'iti' uf 1 U{ lIl.p.h.; th,; ratiu is . j':-~), t!!c' 

fud s;I\'ing i., 22.1 pen:"nt for :t)'l',·rc.'nl 1'.:<111':' 
tion in wind, alld when cxkr.d·"j r)!I<"":';enth r'll' 
tile ·lO·peret:lI! rcdu(:li(liI 1>("'''11]1'; :2.";,2 l'c.:l'CUit. 

, It is slIrpri:;ing to nute tlwI flu data are :\\'ail­
able gi\,jng a sound ha'5i.o; fur a :;ub::tanti.:dl) 
higher c,<tilll:.Jt.: of fuel siJ\'ing tll:.Jn W:lS obt:lill~.j 
in thl.' casc ju;;t cited, for :l single belt or wh,.t 
lllay be termcd "onl.'·wnr protectiun from north 
winds." The oIlly conclllsion;; that can logically 
be drawn from the data studierl in this conllec· 
tion are that slightiy Letter result .. are ohtain· 
able with a more compact type of \I i ndlJlTal-.., ii 
the positirJII is the very hest po"~ible; hut that 
actually the open, ~creel1·like type of bdt is L1r 
more effective thull its appc;.\mnce indicates . 

Particularly effecti\-e hard\';ood belt:; in the 
Plains region haye sholl'lI SUDlllltT wind reLl Uf·· 

tion on the leeward side, with dirC<'tion es~rll' 

tially normal to the axis, to he as great a .. 70 
percent within :J. limited area. Such reduction:, 
are obtaillrd only where there is good ~uJ>pf)rt 
by lIndcrplanted or fbnking trees, so that reb· 
ti\'ely little wind enll mow under the mai!1 bOlly 

- of trees. This is the type of protrction olle 
would expect al"o with eonifcr5, and they should 
hn\"e Ihe advanta!!e of givin:?: the same d"~ree 
of protection ill ,,1nler a; in ;Ulllllll·r. DClll\l'~ 
has givcn the resnlts of :J. number of llIea~llrt" 
ments 011 coniferous hdls in Itfcli:!II:l.' Csing 
hi,,' data for "den:;;it\' eta.":; 3" :md for willll of 
1.') m.p.h. in the 01)[,;1, his redndiun ti!!ure of :-:~ 
prf(,l.'nt seems possihly applic:lhle to th._' t:,i"~ of 
growth thnt is attninablc in the Plaill~. Thi" 
applie". nt n distance of 2·H lceward. 1I1\(1('r tho' 
,,':lllle lilllitcll condition" n5 to Willil dill·l·li"11. 

Howevcr, ob;;cn'ntioll; on /J:urier:, at ~rilln. 

S. Dak., over :l peril.d of nlonut Ilm'l' Ilwlllh~ ill 
the lak winter of 1937·.1::. sli .. w tlut. \\'h"11 win,!" 
uf all dir,'di.JIl': are cnn;.itll'fell. th"ll' Ill:ly Il!' l':~. 
pel'lI'II at a poillt ~·H ;!lutl! of Ih,· b:lITi,'r link 
ahollt G.) 1'('H'Cnt (for s:lfdy, ,,;1\ (,:~ p"h'ellt) ,)f 
IJ\(~ willd r.,tltlt'linn tl:::! :ICCrli,'.~ \'.11<'11 ~t:,'h I'"ir:: 
i~ rll'fillitl'l\ ('11 thc I""w;,rc! "i,k, Il. th,'r.,r.Ii,'. 
f •• ll\l\I'~ Ih:l! \I'ill! lilt' 1 .• ·.<[ <II' !ll"'[ ,·,,:II!':I,·! tl )'" 
of \\,;lIrl!,,'pak Ih.· gClwr:d r,·,lndi"!i ,m 11::' ':,'\lrll 

:':f)4"lll"1i. }).!T1i~·L /II!;·· nf t·f:,>,.;.,o ·,,·i,:·1:: .,', ir:~~a. 

,11.-,·, .1""1'. F .. r('-in· :' I :',;-l.<'.. 1" 
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<11(,. ".):" rl:li-;:- ciln\~J~i('l1';;. \\'i11 110t c:,,:;:·:,'d ·t.~) 

r~":\·,~:~~. TL:~. itLl:nl:_ ].:, nl' ~rc~t f:.:in Uycr 

t:L(' ('·):~'.'l:\\·o()d hi..'l~. 

W:th rt~J,t'l to Iwo·way protN:tio:l, data f£lr 

the- }.;l~r;('r !'c:up at lIuron give tht: only 3y.:;i!. 

3hle b:1si~ f(lr c;;til11atillg the nluc of a pro· 

tedcd ··corI1rr." As ha~ bee11 -,t:lted, in the 

Pbin:' rc'·;::i(\l1 protection from the north or we~t 
N, ,,·1:.:'n p03:,il.\e frt)!1l both dire<:tion5, i;: com· 

nl0nly ::e,\),,1:l. The barrier position wa~ ill reality 

.3 we;;t corner, not a northwest corner, and being 

in hct bdwcC.1 two par:lllcl b~rriers set to meet 
northwest winch, primarily, was also not en· 
tirely free of protK'tion from the south or south· 
east. How('ver, as the one·way protection at the 
center of this barrier was affe<:ted similarly, we 
may compare the corner with the center without 
further correction. Ordinarily, a point only 2·H 
from the barrier, and the same distance in from 
it;: end, will ha\"e, by comparison with the cen· 
ter, ·much 1£>55 protection. With !'imilar protec­
lion on t\,·o sidt's, the end or "corner" position 
oyer a period of about 35 days, with better·than· 
average velocities, showed nearly half a~ain as 
!!re.at a reduction ill \dnd. The actual a\"Crages 
~·ere, at the centcr of the barrier 33.I·percent re­
duction, and Dt 2-}l from its end, with the ~up­
plemenlal proteCtion OIl the fouthwe:;t, .16.3·pcr. 
cent reduction. A station at the center of the 

. end- or croc,,·barricr ,howed only 33-percent re· 
duction, while at the southerly intersection {pro. 
Itcti0n from s(Juthe:1-t and ~outhwe"t·1 Ihe reduc· 
tiOT! was 39 percent. 

If, then, it he taken that ·10 perccnt reduction 
repTescnt~ a fair Jl1~ximum for OIle·way protlX· 
tion, it is app:ncnt that a lwu;:c located in a wesl 
0T nor[hwe~t corner, protected by 111'0 similar 
belts, may well exprct willd reduction of 5:1 per· 
cent. 'fhi:, i- ju;,t half"'ay helwecI1 ollc·,ided 
and all·arr,ul!rl protC'ction. Tla"rc] on the lIormzll 
h(:alin~·~.ul"(jll (,(JIlclitioIJo for Huroll, thi:, 1m· 
plif:S fllcl·u;;e rr·duclioll of :B.Ci percell!. 

"AUT 0)" h;u. 5.nl~;(;~ J\" J)j]TEIU:\"T 

L.\ TJ1TIJ!:S 

III di":lF"i';IlO' 1,-, thi, I",illt th.· flll<lill;" ,It 
Hrj)']1 };-""" }wl:1l applir-d "Illy 1<> 11,,· ( .. )(J. 

l}!~:;!ti()~l (If ':~I!,l ,:11(1 \f'IJ11v'lt!tlJrt' fjd:lJ r] ::1 

H,:rulI, S. I);,j:., ~,.ll·l) l)f"( ;l\J~'. it hi!, IIH',[ f'·d"i. 
L1 r . if) (J.lj'}:,irn' (Ill (If tll!' ('l"lfll:llt~ in Ih·: 1'11111' 
l'·rn )((J!L cJ::t<.; ('~Jt;!jnp.-1 ill ti::d y}(·i::ily. 

. . . 
!--llW(' IJl(';!':~~!JJ;! 

\·:iIlJ H'!. ... ;ty ;lIIC:l1IL'llt:, Illl' value of wind reduc· 

tion, while ll"'c)" \ell11'L'Tatures do tIlt' "ame ill a 
le,,~ m:tIkt~d drgree, thaI the valut' of a ~ivcn 

amount of protC<'lion might eith"'I illcre:l:'c or 

dc-cfea;:e from north to s0uth. It so happens, for 

the sl:1tions for ll·};ich il is ft:;bible to develop a. 
reliable measure of prevailing wind velocilies, 

for the elevation of 12 fecI above ground and 

reprcscntati\"C in all ca"e;. of ('xtrunely flat ter· 

rain, that there is a .!'uRiciently greal illnca~c in 

wind yc10citics from lJorth to south to compen· 

sate for Ihc "hortcr and milder heating Sea"OIlS 
to the south. As shown by Table 6, there secms 

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 KallSas than in 1\orth Dakota. This, of 
cour5e, is on the assumed basis ~f 40·percenl 
~rind reduction throughout. If aetualilies were 
comidered, there prollably would be little or no 
difIerenee in the a\·erage casc, because it is COIl­
siderably morc difficult to develop tall and d('n~c 
shelter belts in the southern portion of the Plains. 

Of greater importance than the percentage of 
fuel sayed, of course, i~ the actual amount for a 
season .. To ll1:1ke clear the magnitude of 5ea· 
sonal amount~, therc ha\·c bcel1 in:'erted in Ta1.le 
6 the hourly rates l illterpolations of Table 4) 
houl wilh and without the indicated wind reduc· 
tion. :'lultiplyillg tl,,:: u~l' per hour ill the Jattt'r 
ca;:(' hy the numJ)('r (If daY5 in the healing ;:ra-Oll 
gil"e5 rchtil"e values on tot:11 fuel u~e, found to 
be loughly 2"7"7:'11 B.l.u. in 1:an~a5 a;~.tiI1;;t 4:;0:\1 
B.l.u. 011 the edge of Ihe vcry cold ned Ril"er 
Valley ill North Dakota. \\"hiJe tlris is a raliv 
of about (j to 10, the larger J)(·r('entag.~ whieh il 
i~ poosihle 10 ::-ave ~ll·1:all~a~ makes the seasoIlal 
~a\·iI1g there worth about O.G,;" time;: a", IIlllch ~h 

in North Dakota. In Ihi~ re,pI'ct, the l\'or[h 
Dakota and SoulL D:lkol:l 5t:ttion:' gi·.'c aI111 I ):'ot 
idL'I1ti~,al r.·,ult" a~ do the 1~:1Ihl~ anrl Ncl'Ia,l;;1 
~tatioll'.. 11\(·.- ... CC,klll:it;"I1S tah· llO account of 
clifIerC1l'"c~ iii Ii, atil1;~ b) sunlight at l"ariou­
latitude'. 

A rn!t;·ti,,!l ur ('\"('11 :::J:) t" '<::21) anl1twlly ill 
tl1<' fwl I,ill. t".:.:,·tht·z I,itl: tIl<" 1.:(lucf'r1 hh"r of 
h:l1lillill;':. :'ll,] tl", i!i"I';,IPr (".Jjllf,.;·t wlii,·lt Ill;:) 
Ii<: ;Ju::ill,·d thr')\I;J, :i1,i!it) t 11 1 ·;\! difTn\'nt 1';\I!­

(,f a L('l:"~' lIlllrt' ('\'('li1\ ill ( i\' \':iIH~it, .... t '" ':~~thl',l. 

jll·lif) l]{,t (Jill:. ;,j, j::;: '·"1, :~: : .. ],1. (";1!,. 1" th.· 
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SHELTEHBELT I:\FIXE:\CES 

placing of 5heltcrbdt::; about farm hOnlC's,13 but 
also devoting ('on~icl('rahlc 5paCl~ to them. Only 
by the latter may the best results IJe attained. 

Unfortunately, throughout the Plain", protec­
tion from wino is inseparable from the problem 
of drifting snow, and it is for this reason that 
the planning of protection deserves great care, 
else the advantages may be largely halanced by 
the setting up of new difficulties in the way of 
shoveling paths, confining live~tock to their 
stables, and making the movement of vehides 
impossible. Even in the southern Plains, where 
snow is much less a persistent impediment 
through the winter than in the north, the occa­
sional snows are often accompanied by high 
winds, and create as great hazards and incoll: 
veniences as eI~ewhere_ All that one can hope 
to do, by the best use of shelter, is to cause the 
snow to fall and remain in as even a layer as 
possible in the farmyard-when it is rarely of 
sufficient depth to cause great inconvenienee­
anu to prevent the drifting in of snow from great 
open spaces that may surround it. The latter 
may be much the more serious item, as this 
vagrant snow stops only when it finds a sanctu­
·ary from wind. However, it rarely drops with 
the first tree it encounters and, if a belt be too 
narrow, may frequently be found well on the 
leeward side. 

Since the circumstances which will dictate 
the best form and place for shelters arc variable 
without limit, about all that we may hope to do 
is to list certain broad groups of pos:>ibilities, in 
order of pr.cference. Plainly, under certain elr­
cnm"tancC5 the least desirahle plall or aile slight­
ly higher ill the scale, is tllC only one that is at 
all feasihle. 

1. Loc:!tioll 111 center of gro\"(~ or forl'5t of 
cOllsider:!)'I!' extent. I n an oIll"lling Ill' to Olle 
acre ill extent wind ~h()\Iltl he tIll' Iv\\·.:"t that will 
be encollnterrd anywhere. IIoll~c ill llorthwl':;;1 
corner of opening will have maximum protec· 
tion, while receiving amplc snmhinc frolll soulh 
and e.:lst. There will be 11(1 (Iriftill1! through of 
snow, IJl1! III en: may Ill: a h!:a\' i,'r fall than c1",:­
where whell wiull is from north Of we-t, within 

"The 1010, nr "iIh,!.: ,Iwell'T ,,1.l.lin' 3 c<'Tlain ,Ir·,;rl"'· 
of protpelion throll;.;h the n:"~rer,ak .-freft nr all \,ui1d· 
in~~, hilt Int":!l1r this protectit}l\ tl1:ly l\i~ \'t'ry in:ld,'q~! II!". 

Tree' n~c""'I'Ii~h a r,rrat cI,,:,] in "'fiJlin:: Ihl" PI"'· 1",· 
tWcell IHlil<lilli:' tl""":·,h "hid, t .. ,ludic ,lr":lllJ" .,f ~jr 
rnay tlllll'n\i~c 1I1t'\' ~I'I' l'~II.t;~r.lpll :, 1111 JlJ./I· lfi: I . 
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I',·., JOUC\.\L OF FOnL";;;TI~Y 

:? t" :, "."\' ... f th.: t"r('t'~, :md this mar;:;inJI ~PJce 
"10,,,;;,1 he left. COllll'le!..;,l'.';;' t,f protC'Ctioll de­

r\'nJ~, ~)f ,·"11r,,', 011 hei<,ht of tref'S n'!:1ti"e to that 
I,f hOUfC. 

'l If the ~rU\'e of trees is of sm311 extent, 
S3Y not OH'r 1 to 3 acres, a notch cut out of the 
~outhc3~t corner will offer the best protection 
fwm north and west winds; and there is also 
somc' r<·duction whell wind is from south to ~5t 
and "hanks-' :lgain~t the tret's. There may oc­
c3:"ic'l1ally be drifting of snow when falling, with 
easterly wind_ hut this .is unlik·ely to be serious. 

3. Creation of widest possible belt to north 
and west of building:., or at least to north, with 
massed outbuildings gh'ing protection on west. 
unless width of belt is 4 rods or more, or density 
is maintained hy encouraging aU possible under­
gro,,·th, snow may occasionally drift through. 
This can be very brgely eliminated by planting 
a second llarrow belt or tall hedge-after original 
trees begin to lose lower branche5-3 to· -+ rods 
outside of the main belt, forming between them 
what is commonly c:Jlled a "snow.trap," for ;:ono\\" 
·which may blow in from open fields. Di,·ide 
this by cr055 hedf;es if length from east to )l"est 
is oyer 100 feet. The <'1l0W trap area oftcn makes 
all excellent garden tr3et. 

4. \'\'here space permiLo only a Yery narrow 
belt to north or both north and west of dwelling, 
drifting both during storms and Inter 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. Thcre is a 
tendency to feel that with only one or tll"O rows 
of trees poss iLlc, C\'crgrecns must bc used 10 ob· 
tain good protection. The danger in thc Plains 
is that some of the trccs will proye short·liveu; 
and, a~ dC'Jlh causcs gaps in the "solid" barrier, 
throu;;h whidl SIlOW ,,;ill lJ(: rl'adily curried, the 
drifting l!fl)LlclJ1 lllay lJC a~ grcilt a~ with cle· 
eirluo!l~ trl'(". This, J;,ailJ, is likely to (J(:cur 
.... 111:)) tlJf" <;nllif,·t,. Jo~(, thcii· early, }'u~hy form. 
It is strongly r·'TlJll1!11c)I(]('d that a row of COJli. 
fcE. <th,ay:, In: lIankeu hy aJlOth(:r row of thi<:k· 
gr.owil!g hanh·."rJ(l". r->:ril r(JI\" "hfJllld kl\·e ,;pitr:e 
c:!!(.~::h ~u lli:;t the Irt·"'; will rdaill tll':ir 
h",r·;·!J,·,. ilJld i'!'" JlJil;· Ifrow ;1 lillIe talkr th"ll 
trl"t::: 1':1!i,·11 ;~n: cru;·,'d!',l: },["call.~(; of ha\"illg JIHJf\' 

jCrr,IJ:I'! 1(, <1.::\., Ilj'IJ~~ f(J[ In(,j,tUff'. III t)li.~ WilY 

tiJt: ~J'J\'''''r ~2TO\·,jnt! ('pI/if"r..: ", jll Hot IJ,O(o.,JlI:· 
()Y(·rl~;r)p,·d ~I))d \,,,~'~!L,·::,,do 

5. For the y;ud alr~ady so developed that 
there j" no r,)om for a brlt at the morc desirable 
di;:;tance, and for hill.top site,:. where poor tree 
growth and the ;:;lope of the ground, make it next 
to imp03:::ible to obtain protection frolll trces 
several rods distant from the honse, a "direct 
screen" of trccs. is probably the mo,,! practical 
means f,)r obtaining moderate 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 thi3 a place where a compact mass 
of evergreens would be highly effective, 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 50 confine the scope of the trees 
that it will be little more than that. caused by the 

. house it:;elf, and will consist principally of 
"streamer" drifts to leeward. Evidently the drivc, 
if any, would be in safest position to the north 
of such trees. Piling of snow against the house 
will do 110 harm where there are no doors; but 

if it is an impediment ncar the ends of the L· 
shaped screen, for example, it can be avoided by 

keeping the lower branches trimmed off. 

1£ the single row of trees close to north and 

west walls can be somewhat "supported" on thc 

north\\·e3t COrDt'L so as to form a wedge pointing 

into the strongcst winds, the cffecti\·eness will h~ 
greatly illcrc3.sed. I n this case the outer trec~. 

or point of the wedge, <,hould he of less height 

than tho~e nt'ar the wall, so that the wind is 

"liftcd" as well as being divertcd latewlly. In 
short, design this wedgl: or point like the point 

of a pJ(lW or the pilot of a locomotive. 

:\DDEt\lJll:\! 

The lliL':l11 1:2·f"ot "rim] vdo<:ity at Hurol1, 10.:: 
lIl.p.h .. which i.- u~cc1 a~ the basis for ~e\'eral 

!';Irli,'r c:,\cuL.lit)ll:' a!ld ajl]>par~ ill Tahle 6, hi!' 

bl:clI fOlllld t" ]". tUt) lnw. 11 i.;; lH'lil:ved thai il 

rcprl';:"llh the gelln .. d latitlldilla! trelld", however. 

/.,.[I,:r th.l11 :h" true l()cid rl~'l1rc', JlII<I for thi­

n·d'Ill! Ih.· ,·,.j··uLli"lJ'; l!1ade OIl thi,: ha,.;i. lI:1Y" 

JII)t LJ",.·n ,11:1':;"·11. Ild'·lIti()11 of til<: \()\\'.J fi:" 

1111' h,'r,' V·:!'], t'J 1;"'.]1 III,· illlj)li"d lll'lldil~ (IIi :.< 

1I!"I",' ,.,,::- :\.,·i\,· },;1-i·. TI,,· 11')1'· ,,·!twit\" \\ ill 

lw .11''''·: :., \', .. 11,'\1 ;IJiid,· "f Ihi, ".,.i,·_. 
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