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lftlODUCTIOI 

'\ � . .. .. ;.. . .... . . . . .. . :... 
. 

. '. ' ' . 

Sinca t- iatttal iaat•Uatf.oa •-f • fan bulk. ■ilk ·aovl•,r 1'• ltl8.-

tht1 •thod of hanlltaa and cooltn1 ■ilk hU apert•cecl r•ptd u4 "14•• 

•pi-.a4 aceepuace uat11 at ·th• P•••ent tt.• t-ben are tn exc .. • ,of 114,GOO 

unf.t• 1a op•r•tlon oa. faftltl througho\lC th• UnitN ltate1.1 th• prl•ry 

motivactoo for tlul t1·•acl towri l>ulk llilk cooler ac•ptaace bu '"• fur• 

Giah.«I by the d•ir, fan o"utor'• ••-•t fer t4uip ... t and •thod• 1:0 

couat•r•ct tu aarr01ldna •rain of profl t tut ha• be•• ap•r1•nce4 in all 

fandaa operation• during ti. paat .. cade.- . 1hi• mllk coollq llltbM ha•· 

man po.,11,1• leww- -•perattaa co•t• •l•c• in moat eoe• the followtna ••v-• 
tag• •1 IMt naaU•• r 

1. Lu• labor involftd tn hancll.tna llilk. 
�-

2. aen-ttary eonditioo• •r• •n u1tl7 Nin_taln-4 4• to the 

•cceaaibility of ell aurfaoee 1a contact vitb the ailk ancl 

91IOOth 1tetnl••• •·te•l conetructtn of the tank. 

3. Lowr •ilk �Una co•t• . 

Bulk atlk cooUna al .. -.. ••ult• in •1tttenace of a htt•t qwaU.t1 

p�o4uct which ·vtll uually Ji•ld • lltper Ht r•tura to the dairy fana 

operatot. O.fMter .. vtaa• la the l•bo-t' nqutnd ta handlia1 af.lk •Y " 

�ltae4 b7 tacorpor•tlna • ptpelin• td.lktna 1y•t• vtth the btalk allk 

cooler la•c.llatlon etace thi• eya"91.•H.mioat•• maGually truaferl'f.l\l •ilk 

froa the a11kin1 rooa to th• cooler. 

.Jr. 

1a,eort !! .! Survey !! triad! .!!. lulk !l!n Tapk VM -· ,J•eq. 
1959, A1rleultural bten1ton lureau, United Stat•• Steel Corporation: 

- I I Cleveland, Obie. 
t� 
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Conv•r•toa to hulk •l·lk cooU.1 11 •YH ... baa aet been 1d.thout qr

taia pr.ohl_. howveti the •Jor one beina 1• •intaiat•a ••t1afactory 

t-,e·iratur•• la th• llilkhou•• for effleleat cooUag · uatt ope•aue du,lng 

wm ·-.tb•r- ,Qo relativ.ely ... 11 bulk llillt tulta -raoatn1 ta ,tu froa 100 

.to 400 .. 11on1, th• c:oada•t.111 untt t• •uoted on th• tuk fr ... , thua tiu. 

ll"t UIIOved h·c>11 th• atlk t, rel••• ta the llilkholl•• c•uetaa u iecrea• 

ta ld.lkhoua• «tr t..,.ratuwe. The •Pltucte of thi• t-,•r•t.ure wtu nll 

" aovtnecl by tta. -•t of ailk cooled, th4a "l'iod ovtr which the cooll•a 

unit; auat ope.-et• to abac>rb th• cooUq l..«S, aacl tluf l'at• at 'tfhteb hut 

,. loat fro. the ltr.CtllN.. Vbil• t:be hot eati-actN ffOII the .t11t 11 

wat'ber, it• pntenae clud.-•a •nt wath•rradcl• co-.J.cterahly to the o,.rat• 

t•a coat• of the bulk ailk coole.-. aauz •t•t•• t�t co•t• of e,-ratina 

t1-· tank will tac�• 30 to 40 Mr·••·t • _tilt t-,.rat1are of the ah 

&or¥«>undl•I ti. c••-1·•• eotl l• iaor ... ecl fr-o. 600 to 900 r. Und•r 

•••� coaditto•• coep....-tor' •tor• have fall .. d1ae to ••t•DCNd opera• 

ttoa •t abov• rat• oper•�taa teaperatur••. 

,.v•r•l eoluttoa• bav. Neu .. v1,.s �• correct tu •bo.- •ttuactoe. 

ooe of tMM '-'•• • tac:na•• ta vmtUutoa c•,-clty. IMIV4tr, tbia 

1>9coaea retlMHt tX.P•••tve heea.- of the lar• vol_. of air qqulnd la 

•lne..talna ad•••t• condition_• � the �ffennce ht_.11 ,_.1•• -' OUt• 

� 

Z-c.rl W, Rall, "Which Bulk Tank ••r You?"', IIDfrdl DfJQl!H, 9•1• 
102, 909, w. D .. ao.n aacl Son• eo.,aay, rort Atktn••• VlacODaia. 1957. , ,, 



3, 

aide air temperature beetomea relative.ly  a-.u . ·  Th• ••t e�n practice 

hA• b•en to mount the compr•••or 111 a remot• poaition eo tbat ·outaide •lr 

co be ueed •• a coolini mediWD. Tbia ayatem ha• proved 1attafactory 

but a houaing •u•t be con,tructecl ova1: the eompreaeor for weather protection 

and a heat source installed to inaure aatiafactory winter operation. Thla 

practice ia neceaaaq with both air and •ter cooled ayat ... .  

Anotbei- •thod of lowering cooling co•u during wn wather ha• been 

ttt. uff of water •• a cooling IIN1wa fot' the eonden8iag coil . Watei- cooling 

eyetae are generally incorporated in bulk 111:llk cooler• with a capacity of 

completely wter cooled . A reliable •our-ce of wter u.ncle1: preaaure 1a 

required for theH ayat ... and wter quality ii of importance eiaee any 

tend•acy to cauae the fol:'N.tion of depotita in the eoolin coil will re• 
--r 

due• the cooling effect of the water. The •ter cooling equipaent aclde 

to tb• initial co•t of  th• inatallatioa ; howv r, the reaulting incr ••• 

in efficiency mo" than offaeu the added eo1ta . 

l'•l••••• b y  the concltn1er con durillg the 0-00U.n1 proc••• with U.·ttle 

thouaht being 1tveo to utiliat·na thi• aource of heat . Since appro1d• 

mately ·400 ITU ' • o.f beat are rej ected in cooling a atngl• galloa o.f 

•ilk to ,torap temper•ture, it would appear that thia heat aourc• de .. 

eerv•• further inveaU.aatioa to -detend.ne what poaeibilttiea it might .. 
have for future tnatallatton1. 
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!hie tnve•ttaatioa• •••lt vf.th aa .-.aluation of the hNt extracted 

from t:hl •ilk during the cooling o,-rat:Loa u • auppl-tary heat eource 

for _,ntai•d·•I atlkhou•• tM1Peratur•• 4urtaa · cold wather . lt t•vo1ved 

the •••lp of • bulk atlk cooler 1nata11ation tacorporatiag .---�• place• 

... c: ef •the COJap.._Hor to eU.lllute the ,__.r ventilation p-..obl• Qd a 

vqtt.•a 11•t• 1'hertbJ air from · the •tlkhouH •Y be ciraulat·•d over th• 

condeaHr col l charing cold ••ther to pick up the Maat njecttld by the 

eoolt.•1 ual t .  

A com,ariMD •tudy •• Md• of the energy r.«ru1.._..t• of •• 

eleo-cric ,pace heater in ma1ata1•1•a 19ilkhovM t..,.l."at n,• both with •act 

without t� &ld of •uppl..imta.l h••t , .. the •ilk coollaa o,-ratlOD . ,.,. 

.!.. 
· reau1ta of t1- huttna re4,.stre.eat1 et ••rioua dlff�r•nc•-• betw• in·atd• 

ud outatcl• t..,.reture wn �x.• ad analysed taldog into cooatctes-atf.on 

the other faeto-r• ·that inf luencecl the ra:t• of 1-at lo•• f rOlll the atnaot.un . 

Bulk Milk Qoo11n1 Syat ... 

i.n •re tw type• of coolia1 •Y•t-- _,1oyed ta &ulk milk tallN ; 

th• dt.reet••xpueioo •-' th• lce•baalt •1•t.... tn ,._. dinot•apaaaton 

•,at.• ta ••p0rator coil• ef the reftiaar•tloe unit er• coaatruot• ·•• 

an 1.atear•l part of the iane'.r wlla of the talt an• the •ilk t• ln direct 

coacact ,d.tb t1- cooU.111 eurfae41 . During. -tbe· oooltn1 proc••• • beat fro. 

the 111.lk 11 ebaorbed direetly by the nfr:1 .. rant a.ad the coadnaicaa utiit 

11Uet be of aufflcint cap•city to ab•orb th• cooU.na load 1D tha ttaa 

•.-actfted to lc:,wr •Uk t-,.rature to th• atora .. po14cat . � capaci ty of 
t� 



the coaclea•ina uni t for • dlrect-expanaion .. 1yatem la fro• two- third• to 

on hot:aepewr per 100 gal loa• of mi lk tank capacity .3 

Wi th the ice-bank ay•t• the evaporator coi l•  of th• cooling unit 

ar• 1 ... r,•d in •ter at the bottom of the tank and during compreaeor 

ope.ration • buk of iee la bui lt up around the coil• . The tee fonaa the 

eooU.•a source •• water ia pumped over i t • chi l led , and apt"ayed over the 

s 

governed by tM cool ing capaci ty required of the tank . The •Jor portion 

of the compreeaor operating time vt l l  occur in the period between mi lking• 

aad thu• the eomteaaing unit  do a not reciuire the c•pacity of a direct• 

••P•••loa •y•t•• of coaparable aize ■inc• the cool ing load may b• abaorbed 

over a much longe r  period of U.me . The aize of th• condenaing uni t  uaual• 

ly rang•• from one•th•ird to one•hal f  ho.r_pepover pe.r 100 gallon• of tuk 

capact ty .4 

Th• actual value of the heat extracted from the mi lk for aupple• 

Mating the milkhou1e heatina ayatem wi l l  be aovernecl by the rate at which 

it  ia rejected hy the bulk milk cooling ayat•• •  Heat rele .. •d a t  a alov 

rate owr a relatively long period o f  tiM , •• would be the ca•• with the 

tce•bank ayat• • ahou14 be mon benef icial . The more un t fona delivery of 

heat tu tlid.a. ina taoc• would aid tn placina a lower d .... nd oa the heattna 

3w. B. M .  MortrU , 1 .  A . Ncltnsi• , a . , .  Ford , and J . M.  Schlege l , 
.. !!!! !2 S9lect , I111taJ l _. @e••rate , Maint•tn , t.nd Sant U.•t rap Bulk Milk 
Tankt" , A1rtcultural bten1ion lulledn , I»- 7 , Purdue Ualverelty : Lafaye t te , 
ladiana , 1955 . 

4tb14 . , p .  8 • -
I I 
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•1•c•· n. dlr•ot•expaaeton 1 yat .. will re1.... large •uanttU•• of 

lleat over • relatively 1bor� ,.rtod of tl• Md aboulcl cad• the t..,.ratu1:e 

in the •Ukho_. to 1aencN coa•H•�•bly dudna tthe aUk cooltn1 ,-riod. 

If ch• teaaperatuN iftcnaM ia of aufftctent •anttude to exceed •c•••ary 

eondi tioae • then uat b 'b•iog ••ted . line• the cliract••JCP.a:n•toa •1•t .. 

op•r•t•• only 4urina the lllilk cooU.aa period ,  it• flur•tiOII of op•r•uto-11 ia 

aovemtd by eooU.na r�1HMnt• ••1 fo.,-th ta 3A su-itary ltaacladt .  

The 3A St_..'t'Cl, for fan hol4tna aad/or coolina tanka i.nclude 

•p•cif f.catioa• on the aiai11U1D n•uti-.... tt for 1)4lrfonauc• of refrigeration• 

•1•t- under pr••ed.Mcl coa«U.tiott• • TheM 1tendanl1 •re for tlMI •••lP 

of hulk tdlk eCNlar• Ud are foraul4cecl lty a c--1tt•• Imo._ •• the 3A 

Comat.tt•• • coaet1ttn1 of .-.prea•ntatl••• of the latem&UoaAll AeeoctatiOD 

of liJUk and foocl s,,aitad.an1 . Inc . , Vtaltfd State •  PubU.c lla&hh .. nice _. 
·--< 

and the 1>at17 taduat:ry C.-it�. Th• followtna Mction i• nprl111 .. fr• 

t�M etandanl• : 

CooU.aa ,s ,,.,.. cooUag ·••k• e4uipped vith ., the·r cl1NCt• 
aapaa• ton or ref rt .. ratid vat•r cooU.aa •urfa• aball M fur• 
aiahecl vt.tb aufftct•t e,oU.01 aurfa.ce ta tau ud ••t•ed rreon 
nfrlprati•1 unit, ._. t••ttaa •t 900 ..,"-t t-,er•tura fo-r 
air cool .. •tt•, or 120 lb . luMl4 pn••ure for wter cool8' 
uait• •  to cool •• loll.,.. , 

(a) Tanke uted fo-r •ve.ry day pick•up ahall cool 50 
,ei-c .. t of tu r••• volWII of �- ta.Dk eoatatal•a raw 11111k ,  
fr• 900 to 500 r. l• on• hour af te1:' tl\e taak bU t)M·n ftllecl 
to 50 pe.-c•t of ltl cap•city, "1th ti. coa,pn•aor 1o eper• 
•ttoa dqrina the flllina pert°' . Datt then to ccMtl above 
vol- fr• SOO to 400 r . .  ta _. hour • . 

. .,. 

53A tanitary ·taactard•. J9umal J Nilk .m. 1!tt t,chgolgg . 
el. 16 . 191 . Intenaticmal A.1aocia1ttoa of Mllk encl roocl 8anitad.an• • tao • •  

1953 . 



Cb) - Tanke u•ed for every other day plck•up 1hal 1 .cool 
2J p•i-c•nt of the rated volUM of the tank containing raw mUk 1 

fr011 900 to so• r .  in .one hour •ft•r the tank ha• been ft lle4 
to 2S percent of itt volume . with the compreaaor in operation 
du1:ing the fi l ltea period . Unit then to cool abeve, volume from 
,oo to 408 r .  , in •• hour . 

Work of Other. _lnveetigator·• 

7 

lxperi•nt• conducted in utilizing the heat rel••••• during the 

aailk cooling prece••  have been directed Minly toward perheating wter to 

be u.aed for elea,ning the milk haadl'ina e-qutp•nt , Tep water •• dr•wn into 

• preheat tank aa4 ita temperatur• ilncreaaect by heat rejected from the 

con.d.eoaer coil o-f the milk coo Una uni t .  Th• temperature to which the 

••h wter •• preh .. ted •• aoverne4 by the point at whic;h optimwn effi• 

ciency of tM cooling unit  could be obtained . Al l  prior ttucli•• wre, con-

duotecl under controlled laborato·ry condi t-tona uaina, wter •• a mi lk •ub• 

atitute . a pr•ct1e• aanctiu.d by the 3A Standard• C01maitte• for bulk mi lk 

cooler teat• .6 Th• rea•ont.111 behind th••• arra,naementa •• tha't ,-ar• 

round utUizatioa could be ••• of the heat ••tracted from thti ailk whU• 

the operating e,fficf.eacy of tlie cooling unit wuld be at con•tant high 

levela . 

tnveatiption• conducted by Charity , laker , and Barp7 u1ia1 the 

cooU.a.g unit of a 4•can .tlk cooler •• • heat pwnp to pr•h•at •ter 

a.ho•d saving• of approxi .. tely 50 percent of th• electrical energy nor• 

6Jbid ,.. p . 19L 

7L .  p .  Charity , V .  R .  laker and V .  r .  Karp , nllea·ting W•t•r Wit a 
Milk Cooler V•ing th• Hut Pulllp Principle" , Aad.cultural 1!1ineertn1 , \fol .  
33 , 2 16 - 219 ,. American Society of Aaricultural Sagine'•r•- : a.int Joaeph,, 
Michigan , 1952 . �� 
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•Uy requir•d tn heating water . Th• proct4ure 'inc luded 110un t in1 the 

conclea••r coi l  1n th• preheat tank and h••ttna 68 gal.lone of wter dai ly 

fra 6()0 te 1200 r .  Wi th the hea t  extracted 1ft coo ling 40 pllona of •Uk• 

•••ul t• abowcl that the •l•ctrical energy required fo-c raiaing the temp• 

hour• eontparecl te 1 7  . 13 ki lovatt•boura con1umed in heatina an equal ..,unt of 

•t•r 'Whan ao prehut cycle •• u1ed . .Thi• repreaented a aavina of  8 . .  68 

ki lowtt•·hour• pAar day ia heating wter . Ro eigaificant di fference •• 

obMrved ln ei thar th• total op•rat1n1 t i• or energy conawnp.Uon of the 

cool ing "nit  ove.r conventional •th.ode . 

Studiea carried on by the Agricultural laatoeerina bNarcf1 

Dtvl.tton , Unl t•4 Stat•• Depart•nt of Agricul ture8 u•iq • 400 aallon 

dir•ct•axpanaion bulk •ilk cooling tank �th a two horaapoWT remote 

eoapi-eaaor deaiped for every ot'her d•y pick•u.p ahowad eaving• of up te 

4000 kUowtt•bour• per year ta preheat ing ••h water . The experiMet in• 

volved pr•h••t in1 ••h •ter to t-,erature• ranging froa 102° to 125° r .  
to a 42 gallon p�•h•at tank and checki ng cool ing uni t  e fficieneiel •• we l l  

•• the e lectwical energy aeved in preheating the water . 

Saving• war• tlllXimum when preheating water to a point between 120° 

ancl 12so r .  Alty preheat te-,erature above or below thia level re•ulted 

in decree••d aaving• due to ei ther iMfficient operation of the coelin& 

uni t  •t the e levated preheat tellll)era�ul'e or l••• than ful l  utiliaation 

8x . c .  Ahren.a • . •aullt•Mi lk Coole r  Re!llt• Water" ,  yri_cult,n:al l9aJae•r 
111&. Vol .. 40 . 22 - 25 , Aaarican Society of Agricultural Engineera : Saint 
Joaeph , Michigan , ,anuary , 1959 . 



-.»uld be ••t�actecl aaaually  from ld lk cool� la · • ta k thia •'-•• • �he r•• 
I 

• 
j 

•ul·ttaa 4000 kllowtt•houra of •o•ra, "� .:epreaut.,. an •f ftci•noy of 
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al-••t JO perc•t for the l:Utallatioa.  ,._r ldlc,wtt•hovn •" n,utnd 

to op•r•t• the coolina UOit uetng the heat p-..p pr1nctp1• to preheat •t•r 

to 1200 r .  tho to operat• the coovent:Leaal coad.a.,.r lo an ..,,., t_. 

p•r•wn of 76• r .  o.- •r•-. 

Wbtle the •••·rlal 1tated above ... , not •••1 cU,rectly with the 

■t.udy lft.volved in tht• 1a-..,t1p.tion 1 che author felt that the lnf·onatloa 

•• ,-wtleflmt.  'the p·rind.pl• illvol_. 11 •uatla·r •XC:�Pt for: the utf.U.• 

••tioa of the h .. t •tract-1 froa the ailk cturtaa cooltaa . M tnveatl .. • 

'ti.Oil of tlMI ltteratur• re .. alad no iafonatloa la thit p•t:ticulu field 

altbouah Ah,._t u4 Davi•lO cit• the po -- ibtltty of heattaa the •ilk• 
. -

houae with the bulk ■ilk cooler • All pd.e:r l••••tiptf.on1 ha.. takea pl•c• 

ta 1.o•Ucm• where IIOd•r•t• wint•� clllllltlc concHU.cm.a •1d.•1 an.cl ailkhou" 

heat.S.•1 ... ,. not pte•nt prohl ... of the •anttude that •ulcl emit ta 

South Dakota . 

'n&!l· • p. 22 . 



l'h• elt• ••lected for tht• iave•tigaticm •• the South Dakota. 

Stat• Coll•- Dair, Depart•nt pnclucttcm unit. . It •• choaaa due to 

10 

the trat•,.•·t and cooperation ahowa by the Dairy Dep•rt•ot . Thtl de,,a1rt:• 

••t --. pail•l>le the hcilttt•• for ebe u,ert .. nt and followed tht 

•utk<tr t a aua••tlon• ancl pl••• 1ft Nklna th• bulk ailk cooler inetal• 

l•U.on . 

Tile lllilkrootn itt which th• •tuy _, ¢01lduet .. waa built  •• ao 

la·tear.l part of the •tn dairy barn . A .tlk1:ooa l• d•ff.Md by trua AMd.

c.p locl•CJ' of Aaricuhural lnginMr•1 1  u :  •ta rOOll -with ••• or •" 

.. ction• fe'I' haodUna raw milk , wholly ol' p•rtially enoloHd by tn 

•·tructure ia •!ch the cow- an allkad .. "' Thi• roo.. occupied the not"th• 

... t ·co1:1141r of tM atruetul'e and had ..,1,. two at•-rter •11• , on• fad.111 
\ 

acn:ch ... tM :otMr •••t • tu tw l•�•rto't wll• of the ad.1kron •P•• 

l'&t-1 the at1tuetu• •� the lllllklaa .-... to the watt and a ob1•n•�1oa 

rooa oa tlM aouth . the t..,.ra;tufta .. tntaf.ned tn the lld.lld.111 room u4 

....... u ... .... 4ul'illl cold ... ,h., wan appro1d,111&hly 4,0 CDtl 700 P ., 

raepecUvely , . !he bulk .-tlk tPk waecl chid.111 the eout• et t1- ia,,.aU.• 

... , .. -• l-.&-1 ta t.b• ad.lktoolt. 

!be ld.ikrooa -•und ,19 • 6u ta 1 .. ,m. a •  8" in "14th and hu • 

eeiltaa heiaht of 8 '  9" . !hrM vtnctew1 with • wtal al••• arM of 72 .a 
-$J.. 

11oa117 Hou•tna Tenaineloa, . MElcul tur1� lplH!9n YM£book , p .  128 • 
._.-1ca_11 Society of 4&rleul tural lngi-.rl i 1•1nt Jo,.ph , Mtchtaa • 1959 . 
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square fNt wr• located in tb41 ••t•l"tor •11• vbtl• obMn•tion 1dnclow 

total la 9. 66 . 2  •11•r• f••t · "'" con•tructed tn th«a int•-rto_. •11•. The 

etctttior wlle wr• concr,te block •utf•ctd on the outaid• with •tucoo ad 

on the tGeld• w.lth plut•r • Th• wll dividing the mUkroosa and mUklng 

l'OOII •• • emabiaatiett of et.l'\lctural . type.a. Th• fl rat )2 lachea eon• 

na1liag th•· enttr• luatb of th• room wn located. Th• ,ortlon of the 

•11 abc>w t1- obaervation wtndew •• WM fr .. •·urfaced ¥1th plut•t 

board •• pl••t•r on both •1••• .• 

� wll 1.- the south ad of the l81.lltl'001i •• -!fOOCI fr ... eeaatruc• 

tton flth aabe•t" aheetiag. Thie •11 contained tw obMnatioo window 

Qa:tllag oon-atruet1on eon■i1ted of nventtooal WM f.r•ing tur• 

the c&tHng l•Ct an average •pace of one foot b•t••n the cetling joi•t• 

••• the •lopia.a roof. 

J.a1ulatiOJ1. ·•• not uncl in the, well• of the tnilkroom while the 

oetltag cont•lNCI • two•tnch ff.b•t gl••• blanket . AU of the window in 

tM atructu• •r• •iaal• alaaed and' M prov11ion& for t.aa ,talU.111 atona 

•ah wre aad• for tM ••t•d.or wlndovl. 

Th• bulk milk eooler eaploy,d in tbie atudy •• • 600 a•llon 

dt�et•expaneloa tarak 4eaiped for eva1:y o her day milk pick•up. Th• 

condta••r cf,pac1ty •• J hoi;aepowl' and cooJlng for th� cOl\dnMr eotl 
I 



•• acc•plt•Md by • COllbia.tton tf d.r encl •t•·r .  Tb• coapi-e•eor •• 

locat4Mt la • teaot• ,oa1tioa OU•t•tcte t:IMI ... , -11 •f the •tlk.-ooa. 

a bbuat111 four fNt ••• ud flv• f•t lona •• con•t�ct .. over 
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ti.. COIIPN ... r to provt•• prot•eti• duTtoa lo·cletaa11t wather. th• ext•rtoi

_. t.atert•-• autlaoe1 of the coapn•-..r hou,ina •111 WM •••fw•di•-tnch 

•t•rior pl,-ocl . Jaau1a1lu f. r the bOQlq coaaiat_, of -hr> iaohu of 

f11Mlral••· illftlatiea lD tM wll• ud l'OOf. ho heat 1..,. coatrolled by 

• tMn.••t •ttita1aed •�fneatna t..,_a-atv•• ta the coapn••• 

_ .. , •• dud.Ilg cold IUther •· Pl,UN 1 ·-- ea ••ternal vtft •• tM 

Tw .,_,. •n ... in OPPo11�• •�••• o.f· the OOllpn••r houaltt8 
-� 

tor ..... nrtaa IUINt o,•.,•Uoa . Vhaa t• vwnt• •n opu , ouut•• ale-

•• draw in tllHti&b ooe opaia1. •••-- over ._, cooltcl t1- cc,n4••ci co.U 

_. "" eauute4 fftll tile otbei- o,-oiila. · Th• 100.cloa of the •tei-torf 

vent• of •'- C0111Pftl•tol' heu•ta1 ire ahown 1• r tpNt l ... 2 .  Ourta1 

••t•r o.-racton. thNe ••t• .-.. cloNd to ... 1 the bo'dtaa 1-.. ,,._ 

out•'·· · '- ad'•ttloul .. ,. -- .... ,,note4 ill tlM •ll .,., .. a tll• 

atlkrooat an4 the «-..-. ..... bo•Hns ior ... dur1na ·wuter op•ratlon . 

!he•• .-ta,  •• OM_, , •11.-d cl..-oulat.i.»a of •tr ,.,_ tu •tlkw ... 

o-..r tW cond•Nr C ll , ... i..t.laa P•rt•-- . fi,pr• , .... tlMI •t• N• 

twn the ld.lk..,_ ud C0111tn•aor llouatag •• · v1ew4 froa tbe •llkrooa aicl• • 

la ·ad41tloa ,o the t..-r wmt• • a putttfaa, .... ntlt tn th4t CMP•••-
llouat-q 4tvi4'lq it  loagltudi•ally •• thee tb.a lauq _. UUU•t al,- of 



ft.pre 2 .  Coillpree-10r Houalaa Vltll 4fop aacl btesio·r 
Yat Cov.rt.•1 ,.,.,.. , ,  

t� 

1 3 6 0 4 8 
SOUTH DAKOTA STATE CG�L- :0 :: I ·AriY , 
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ftpra 3 •. AIIJuacule. ,_tt iol1U.ag tba c...trMNr llo•f.•i 
Ud IUlk.._ Vl•_. I._ tu NtlkftOlt Ii .. 
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tu cond•n••r cooling fan wq to Mp&rate c�bei-1 . In •fleet thl• arrena•• 

•nt wt atmllar to dtvtclloa the compttet1or . ho.u•�n1 tn·to two air .duct• ; u· 

.intake duct on on• aide drawing att fl'Oin either the mtlkroo• or 011t1ld• and 

an exhauet duct directlng atr •ither irtto the atlkroom or extu.ueU.ng it  to 

the outeid• . rtpre 4 ahowa a top vt.•• of the co.pr•••or bouata·g with ·,11e 

cover temoved od Pigur• 5 illdtretee a-ch .. tically the direction of air 

flow durina. ,..,.r and winter c,petatf.on •: 

Milltroom Bea.ting 

in the aUkroo• to fura,.f.eh the •1• eouro• of heat . Th• oper•t:lon of 

the 1-•ter waa eontrollad by • thetmo•tat anci the •••ro con1uinpt1011 •• 

--•ured with • kilowatt•hour •t•r . th• •ctual •t•-r• rat• of con1U11ption 
. � 

of tb• beater •• 3600 wt.ta . figure 6 • looklna toward a tlua c01111Dn •1 l 

inata'llatlon . 

Milkrooa V•atllatioa 

Ventilation for the ailkl'OOII •• provicled by an •lect1'ically 

operated veattlat1a1 unit 111,talled tn the cellina . t'ba unit eonetated 

of • v•ntilating fu rat.ed at 600 efm •• a motor•op•ratecl damper wtell 

controlled the flew o·f fre•h air into the mtlkrooa. Out•f.4• •tr •• drawn 

through a fll t•r on the roof of the milkr� and direetacl radially fro. the 

unit by a dafl•ctor below the fan . Th• radial •....,t of alr along the 

wall• minillllaed draft• and aided aomewbat ln k .. pina the tdndow free of 
, I 

co,Qclenaatioa . 



fiPM 4.. .._ ..... " ._.,.. ltll tap ..._... 811ewlq 
t.1'e ..,_.. .. ••·I the Jattalla�l• 
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Figure 5 .  Schematic Diagram of Air Flow Patterns 
'11lrough the Comp resaor Housing During 

SUIIID8r and Winter Operation 
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The veatllattoa tan •ter •• 1••Ul1•cl to that. it c••ld be 

oper•ce4 C011tinuoualy for -•---r ••tU•tioa •• · ao tut it could be ••tched 

·•• th• 1>allt .tlk coetl•r coatrola to ope..-at• only ... the cooli•a ualt •• 

111 •p•nUoa . the clape.r •tor •• co••roll• l>y • tbel'IIIOtUt '° that th• 

..,__. •ul41 h f.ore.S. o,- When th•· t .. ptal'•tur• ia eht nnact:ura rataed 

above • pNd•t•ntlmtd poiat . !bu• 1f d>AJ fn wr• o,-nuaa eoattmJouely., 

the _,.ul•tf.oa of the cl-,.1' •u1' coatrol tit• t-.perature .ttbl• the 

preacwt�ed litd t.e .  

A 1•• ftllacl reeordill& tb.e ..... t•r •• uMd la ohutalog • ooa• 

unuoua r•c•l'Cl of llllkTOOII c-,eratur•• • ft.• ••oatna el...at of the thar• 

.,..t•r •• locatecl n"r the ceat•r of t r00111 a.t • he·tpt of aix net •••• 
-� 

ball feet . !ht• poa1tlon •• c:hoMn to obtaia • aver•a• ·t..,.rature --' 

•1,o to pr•veat ·11,1 1-taa tli■turt.ed duriL•a cl••t•a M4 •••ltl&toa OMr•tioaa .• 

N• l•catt.oa •leo - Upt ,.- •••t•a •1-nt · cl••" of the flow ol wna ail" 

fffll •1th•i- tq hut•r or t� eahauat vent fr .. •the COltpre••r bouting . 

lipre 7 -.O• u. ,..,.ra&ura recont•r , chart led ""''•• •1-t • .  la 

ftpr• 1 the ._.,., el-•·t •• r .. '"4 froa it• • tatt4 ,oe1tion in o:rd•i-

to •how ta the pictu�• . 
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·- ·· 
., .. tbt• tnve•�tptlon ... 1t witli the ,col• .... IMI' pb&M of 

the bulk llllk oool•r o,eratlOA aa4 &U b••ftt N-eeivtd in ualDI th• beat 

•traot., fnm tile •lk to auppt_, tlua ld.1kroo11i hHtiaa .,. •. ,., • 

o..,•rt- ·ttudy of ti. taeaU•a n4"1r-•t.• of •� atlltroom with •• 

witbout the atd of tM IIUtt nl•••• lty th• bulk ld.lk c"°U.a1 unit •• 

..... 

tbl• .... r:llOD .. .... ,, 001lducti•1 the t••t la ,_ , ...... • 

hrtn1 fta•• l el tlMl atwly t1- venta .•t- th atlkron and the c..
pNaaor hou•t111 Wd opentd -' atr f� th• ■tlkr6- •• draw ow• the 

--'•Hr coil. hMt-4 and Ncirctalatecl ta th• etnacture. Ia •ff•ot . the 

bulk llilk coollaa uatt .. operat .. ·•• . lt•t P..-P to heat tll• 111.lkroom 

dvrlaa tlw tdlk eoo.ltoa o"r,ttoa . 

fblN 11 _. __,uc:tetl wltbout ualq t"-, hM.c •too.te4 fl'OIII th• 

llilk. .. COillPrM·•· bou•t•a .. ...  1- froa tile lld.lkrocat ... t'- llMt 

�J.•c;t .. fna t.h41 coad• .. rr coil •• .-.1 ... ed to tM atao•phen. 

thtt tevutt .. tioa •• coo4uetlld fr• Juuary 3 to March 1 ,  1958 

_, •"* the ••- per:tod in 1959 . Ph.a• J •• ahdi·ed tb1tou1houl the t•et 

period t• 19'8 Ad ooetl•-' •til :l'ftl'Ult17 lS ••r1n1 1959. "-• 11 of .th• 

at.t, _, eollduct• f n. rel>ruary 1, • lllllrota 1 .  ltSt ., flit• ptriod •• 

•ofHc1-t to ••cendM Ille aonwa1 bM•lDI ntut.....-ta of the tdlklrOOII 

slue cmulltl••· .,..,_. conetaot •• ._ ·Matiaa ·ti••• wi-• •ut.ly 

••toH.a...,. •. the .... pedo4a 1• 1918 aa4 1959 •re eho .. 11 to tt.t any 

ular hut aalat wuld b• C011P•rabl• in Mlftitud.• . Pb&•• I we CONuc:ted 



over • lta•r period of ti• sin·c• ••••ld• t,-,eratur•• dud.111 tlla t•�t 

,ettod· tn 19S8 •• aboft _ Mnal aM 0011ttaue4 ••••r1ation• •rt 11Md41cl 

to ••t:abliah a deftoit• trad· la the reeulte. 

lied the et.SJ involved a oom,pariton of the buttog re,uttNIIIIDta 

kt_.n PM ... l ad 1·1, coe■f.4-r•t�•• •• atven to th• fact.-cu:a ti.t 
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tnfl acd ·tbe rate o.f h&at lo•• f-. the id.lk�ooa. Tb-. fact•ra •tudled 

were t.att4• and out,t.de t...,.ratuna , •• Vlad ,,.loelty a4 dlt·•cc too . 

lb• 1•tt•-r •• factor• wre d....«I lllpo.-taet dace oaly tw •U• of the 

atlkrCJoln •n ul)Oftd to th• •leMnt• ancl thua tm-. clire-cucm ud ••lod.ty 

of the wt.ad w111d hcv• cea•ldel'at,ly ••• '••�ill& oa t"- h•t lo•·• of th• 

ttructu:re ••• 1tlo¥1n1 41N:otly apbtat tttt..r of th• hpffed •111 t'baa 

f Nil O·IMr db••ctlon•. 

a.u oa ,..,h•r conclttton• clurlna tlMt t:eat ,. ... ,.od van obta:l_, 

fma the South Duet• Stace Collep ... ,i.r •t•Ucm . ft• tefo-mattoo 

•• ta th• fora of oontiauou• record tna• of c:-,.ratur•• •  wtfld ftloc:ltt•• 

aa4 dtnctioaa Md• •.t t"-t •tatlon . 

Tb• __,.Taton coattola in tb4a IDllkrNa •r• ••t to tha� the 

el•etrtc hMtat w.ld •teteio a t..,er1tuw• of 65° f. tbl'oupout tu teat .  

� theiwo•t.•t oa the veatilattaa fan •-r· •• ••t •• that th• 4-,.r 

would optn Mid iMlatt freeh •tr wea the lkro• tet1Mrature ro•• above 

as0 r .  1h4t .-.aaootaa •• that • aet ttng o f  thia .. pitud• wuld ellow 
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for efftct•t •• of tllt hut e.atraot.. f� ue. tldllt durt•a t• c:oottna 

ptoc .. ,. Th• fu ,.. .. t ,to ope�•� ealy •ud.•a tu peitod "'- ttMt Milk 

•• Mi•& oool• _, fuetio-4 .• • at, circulatl .. ••vto• HdPI fo1' 

the 1Mrto41• 11he• •• ,..,._. •• opeJHMI . 

CoetillllOd record• of llllk.,.. ,_,.ncure1 •• _.. thrauahoue 

tbtl •tucly to tndtca•• th• •ft.ct of the ietroduetten of th• htai •1racta4 

duria1 th• atlk cooltna pnce•• •• at_lk_..,_ tt111.p•ratun1 •• •11 u t• 

yie14 tnfonattloa on •�I'•&• �ratvn cOOillU.oo• . 

DallJ re•H•t• of the k tlewatt•hou� eon,-,c,on o·f the ailkroo,n 

hMtlr durtaa botb phaM• of tlMt •tw17 WH ncordecl . ••t•c• th ... .....  inp 

•n _.. ••�'•• tbt. «.y, the val•• •re adJwt·tN. to ,pan • 24 hOllr p•riocl 
. -r 

CtP,tlaa •• ldclot&bt M "'-1 ••ld conupond to 'CM t-,•.-.tuQ ... wlad 

tlab fticll •n ...,.,.. on a ad.clnt.aht to ld.datg'bt ., .. ,. . !be Mjq·bllllbt 

._. teeoll.PU•hd . • ,. -..iQ·t•1 all the lld.lkl'OOII t .... ll'lt•r• noordi•·· 

_. clet•nalalaa th• tou1 l.Sl•tu "t1o4 that the electric Mater •• in 

·op•r•ttoa . th4l t•tt-1 ind tea, .. o,-ratf..llg ti• aultiplted by tu, ,a�• of· 

ener11 ooea-,ttoa of the •1•ttic �t•r pva. t- iulc•tect k il.,,.tt• 

..... COllftllptiOll. A COIIPll'llOII of th11 •1• to tM kilnatt•boul' •t•r 

ru41a1• llldtqted clOM eor�latta ud t:hwt th• •J••tallt of the actual 

Nadl•.. ... •t-,17 • •tt•r of tetalta1 th• imliUtecl thle of -•t•r · op• 

•1:aUo•• for the t4 ho•r periord •i•rttag •t lllldol&bt ad •ltipl:,1119 by 

the rat• of .... ., �•illllPtid of tu • ectric h .. t,r. 



the elate r•cor4ed dudna •th• -•tu4y wn ualyaed t• d•t•n1•• ti. 

•l•ctrtul •ner17 re,utnd to hMt t.h• lltlkNOa at cltf f•nat l.wla o -1 

� .. atur• dtffer-eoc• i;.n,eu taetd• aQd OIJttldt cONitl••• · the butla1 

�•tut ftlllllltt dut'iQI ...... t anci � ll wr• c;oap•rect ,. cleteNl'N the 

aavtn91 r••liaecl ira· •t•a the hMt· ut1:aeted fi1NI thl· allk t• tuppl ... atta1 

the ldlkroom -•ttna ay,at•. ft• n•ult1 wre caleuia·ted tn the Cora of 

kUowtt•hot1r• and tile ptrQll�p of total Mat ••'Nd ia ut11ta1.111 th• 

h•t atracted f t'OII the ldlk -

• ;1# ' •  
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ft• clah tal>ul•ted tn thi• • tudy 1'lth �• ••c•ption of the ldtow.tt• 

hour coa1ap-tion of tba ailkffOII IMtat•r . •� obtataacl froa e•ttlWOut 

nacor41•a• of th• -v-ar:t:a•l•• ucler c•ai4erat100. Th• kilow.tt•hour _._.. 

101• WN tak•n •t 4atly :bttervale. All val-.• thevo wr• ttbe aver•p 

r•.SLtt.. for the particula• pti-tocl ladtcated. 

T•bl•• t ,  ll, Ill, aad ff ladlcat.. th.• av•r•• out•l4• t...,•raeufle 

u well •• the hiah ... low rtd·t•a• f,o� .. eh 4-y ol .th41 teat. 6- t...

per&&uru •" ..,11� t .. a t- · fon of .tear.. 4•Y• -4 th• total ••ar•• 

da,- lo.- the -th wn COIIP•* to th• a 111&1 alalber for th• ••dt. 'fh• 

clesr•• -� •r• ••t•natned by the u•• 13.• plant•t•r. 'lb• aru 011 the 

teapel'•tur• obart• bet... the r.•ocHNI_.. t..,.rature u4 ttua 65 4•ar.• ba•• 

•• --•ured act tbe ••aree day• aoe--.l1ted for the 24 hOu.- pa-riod wre 

•t>ta1M4 t,y tltvidlq the •••uftd a.-.. tty ti. area -.ualina oae ••arM 

day . th• -.uattoa _.. •• ol tb• t olle"1aa f•nu 

. .,._ ••r•ae qf.l y  ai1krooa· t-..r•�u��•· •re coaput•4 and tall* 

ulatN OIi T•bla• Y -4 Vt. ft• •�-i:--• daily �eap•rature•• • ..-. obtained 

by totalilq the hndy t..,.ra�urM f rOII tll• chart• for the 24 hour ,-rtod 

aac:I thee .-..i-.,.taa tbe reault • Typical cbart• of the t•ide t•llP•••�uwe 
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TABLB l. TIMPDATUU DATA UCOR.DID AT swm DAKftA STATE COLL&GB WIATBBR 
STATION• BB.OOllNOS • SOUTH DAllOl'A .. fOlt JANUAltY, 1958 

Dace Degree Daya Tenipe�ature 0r 
High Low 

Juusary, 1958 

1 5 1 .4 28 3 
2 S1 .9 18 - J 

. 3 S0 .4 25 3 
4 45 .9 30 8 
s 36 .9 47 12 
6 49 . 9 30 1 
7 S4.7 22 - 3 
8 ·31.2  S6 11  
9 28 � 5  54 20 

10 31 .4 46 21 
11 21 . l  51  27  
12 29 .8 43 27 
13 35 .8 40 21 
14 40.S 35 19 
15 38 ,8 ll 20 
16 36 . 1  36 22 
17 42.0 - 27 lS 
18 38. 4  � 

29 18 
19 41 . 3  28 20 
20 42.a 25 18 
21 45 .0 24 16 
22 44.l  31 12. 
23 43 .. S 26 15 
24 37 . 3  37 20 
25 38 ,8  28 23 
26 42 .,2 24 19 
27 43 . 9  24 17 
28 44 . 1  24 9 
29  46. 7 30 7 
30 46. S 22 7 
31' 49 . 4  24 6 

TOTAL Degree Daya 1292 . 3 

AVBIAGB Dep-ee Daya 1S97 . O  (HuHn , · South Dakota)* 

*Sour ce : Beatiy Yeptileting Air Conditi inst Guide . 34th Ed. , Vol .  34, 
New York : American oclety of Heating and Air-Conditioning Engineer , Inc., 
1956 . p .  453. 
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TABLI 11 . TEMfDATUU DATA UCOIDBD At SOUTH DAKOTA STA.TB COLLIGI WEATBll 
STATION. BB.O(l(.lNGS . soon DIJ[O'U :,m fBBI.UMY ., 1958 

Date 

febnary. 1958 

.1 
2 
3. 
4 
5 ' 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
1,. 
20 
21 
12 
23 
24 
2.5 
26 ,.., 
28 

� 

Degree Daye 

46 . S 
5-6 .S 
44.J 
44.9 
44 •. , 
54 .• 7 
61 . 6  
69 . 6  
63 • .S 
60 .• 4 
64.2  
.S4.4  
52.1 
56 . 5  
73 . •  0 
7.0 .2  
65 +6 
5-9 .4 
,2 .2  
36 .l  
36 . t  
31 � 4  
22 .0 
22 . 6  
19 . 1  
20 .2 
24 .5 
34 .4 

IOfAL h&Ne Daya 1341 .8 

J • 

. .  
-< 

AVDA<II a.gr .. 0.1• 1327 .o (Ruon, souch Dakou)* · 

. .  

Tanperature 0, 
Hlgb Low 

22 10 
15 ... l 
30 0 
29 12 
28 10 
20 0 
14 ... 3 
8 - 6 

14 ""' 8 
17 - 7 
1 1  - 9 
21 - l " - 3 
l.2 �10 
4 · 1·6 ' ·- 19 
4 • 16 

18 "" 7 
24 • 4 
35 16 
32 18 
54 13 
67 26 
S4 34 
60 32 
47 41 
46 31 
31 22 

•sour,ce : IMti.JI !eetU_,519 A&.l COR4lcioe!!!& gpig. 34th Id • •  Vol .  34,, 
Rev Yortu AJletican Soetety ·of R-.tlng and Air•Condltioning lngtrteers , lnc 111, 
ltS6 . p . 453 , 

I I 
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TABLE Ill . !IDU'DAflll· D4'1A UCCIU>IJ) AT S� OAKO'tA STATE COLLICI WBATHlll 
STATION •. BBOOICIIIGS I SOUTB OAKotA 1'01. JAHUilY, 1959 . 

Date 

January . 1959 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
)1 ' 

Depee Daye 

48 . 6 
64 . 1  
70 . l  
67 .0  
63 .2 
51 . J  
47 . 9  
55 .• 1 ., ., 

. 44.2  
40 ,8 
39 . S  
29 .6 
36 . 4 
6.1 .8 
66 ,6  
62 .0 
.49 .4  
58 .6  
6 G  .• S 
67 .2 
6S, . 9  
.58. 6 
47 . 0  
57 . 9  

� Sl . S  
49 .2 
39 . 1  
Sl .O 
60 . S  
66 .8  

TOTAL Degre• Daya 167S . 6  

-r 

. AVIIA.CI Dear•• Daye 1597 .o (Huron , South Dakota)* 

Te111perature oP 
Btgh Low 

22 8 
8 - 6 .. 4 • 11 
2 •1 3 

14 - a 
2) 4 
24 10 
28 4 
20 8 
21  16 
26 Zl 
44 26 
4.5 26 
37 8 

7 .. 6 
2 - 7 

10 - 9 
28 0 
19 - 3 
11  - s 
s • 15 
2 - 1 1  

16  • 12 
23 2 

7 2 
17 3 
30 1 
37 16 
24 0 

9 - 1 1  
8 - 14 

*Souroe : Utftig '!entiletiy Air Conditloilgs, Qu14e . 34th Id . ,  Vol . 34, 
Rew York : American Society of HqU.ng an� Air•CondiU.oning Engineer• ,  Inc ·• 
1956 . P •  453 . 

. � .. .  
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TABLE IV . UMPUA'l'UU DATA UCODD AT SOUTH IWCOTA SUTI COLLIGI WBATHU. 
S!ATION. BlC>mlHGS •. SOUTH DA.Ken� ,oa RBIUAB.Y ,, 1959 

hgree Daya 

February , 1959 
1 61 . 4  

S4 . 7. 
,0 . 2 . 

2 
3 
4 
s 
6 
7 
8 
t 

10 
1 1  
12 
13 
14 
1 5  
1 6  
17  
1 8  
1 9  
20 
2 1  
22 
23 
24 
25  
16 
27 
28 

$6 . 4  
62 . S  
56 . 0  
sa .o 
6Z . 6  
59 .8  
St . S  
SS . 6  
·43 . 4  
U . 6 
53 . 4  
47 . 0  
51 , 6  
S6 , 0  
64 . 0  
7 3  • .5 
57 . 4  
52 . 2  
41 . 2  
43 . 4  
46 . 4 
44 . 1  
38 . 9  

_ 33 . 6  
38 . 3  

TOTAL Degree Days 1472 • 7 
AVDAGI Degree D.ar• 1327 •. o (Hurol\ , South Dakota)• 

T•pei-ature 0, 
High . · Low 

13  
25  
21  
13 
13 
2S  
24 

8 
9 

17 
22 
34 
2 1 
is 
Jl 
JO 
17 
10 
. 1 
21 
30 
33 
2.8 
J4 
32 
40 
3S 
37 

., 2 
2 

12 
s 

• 5 
•12 
• 4 
• 6 
• 1 
- 6 
... 8 

7 
1 
3 
2 
7 
0 

-11 
- 19 
• s 
• 5 

12 
12 

5 
8 

11  
23 
19 

•sourcu JIM51!8 V•ti.lat.iJYI AiJ 0oncl1t1opig §uid9 . 34th 14 . ,  Vol .  34., 
Mn York : American Society of Heat ing aacl Air•Coaditioataa lngineers . Ine • •  
1956 , p .  453 .  
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Jaa.ua.17; 1t58 Pebruary, 1951 

Data Avera.- ,-,entu� or O.t• Avera .. ,..,.rature or 

4 69 .5  1 70 .,4 
, -69.8 2 69 .J 

6 70 . 7  , 69. 5, 
1 11 . s  4 69. 7 

8 72.6  s 61 .4 ,. 71 .9 6 es .o 

10 70.4 1 7:4 .J 
11 72 .0 8 81.J 
lZ 73 .1 ,9 81 . 7  
1J 72,.3 10 ao ., 

14 69 �2 11 74 �2  
15 71 . 6  12 72 .8 

16 72.4 13 74 .3  
17 71 .2 14 _; 1, .,  

18 72 .4 1, 73 .• 3 
19 75 . 6  1, 1., .• 
20 11 .1  17 81 .J 
21 - 74 - 1  18 81.4 
22 71 +9 19 10 .2 
23 70.4 20 63 .a  

24 67 .4 21 6.5 .6 
ZS 68 .4. 22 67 .0 

26 ,., .o 23 71 .3 
27 68. 7  24 70 .4  

28 69 .8 25 68 .8 
29 69.0 26 .,, .• .. ,;. 

68 .9 17 60 .2 
31 70 .4 28 .59 .4 

I I 



UILI VI . AftMGK MllllOGN UICPIIAffllt roa JAIUUY AND DIIIUY, 1959 

Jpuary , 1,,, r•bruary, 1911 

Dat• Av•raa• ,_,.r.cur• 0, Pet• AV'et:aae Teaperatiare Of 

4 68 . •  5 l 71 .2  

s ,2 .. , 2 68 .• J 
' 75 . 7  · 3  69 •. 8 
1 70 .9  4 ·6,.8 
8 17 .6 s 68. 7 
• 63 .0 6 1-a . 1 

lG 62 .0 1 ,1 .• .  0 
11 64 .a a 70 .0 
12 6S .4 t 69 .4 
13 64 .7  10 $7.0 
14 65 , 7  1 1  12 ., 
lS 62 .1 12 74 .0 
16 63 ,S  1, 74 . l  
11 66 .3 14 73 .4 
18 71.4 15 73 .6 
19 72 .J 16 7) .4 
20 72.6 17 11.2 
11 68 . 1  18 66·., 
2Z 67 .6 19 66 .9 
23 68 .0 ·20 67 .4 
24 70 .4 21 66 .8 
25 71 .0 22 66. 7  
26 10 . 1  23 65 .6 
27 69.8 24 64.2 
za 68 .4 2$ 64 . l  
29 ,, .. 26 64 . 1  
30 70 .3  21 64 •. 6 
31  69 . 7  28 61. 7  

30 



)1 

rt·corita_ .. •r• •how tn rtsu•• a. ,. 18 encl 11 . !bet• oba"'t• iad:lcacd 

t..,.i-atu.r• trend• ulld•r four •tffenot o,er•tlll& coadtttou . 

rtsute 8 ebow ttllP•t•tu" "•co·rdl•1• · dud•• a ••k of atlcl 

••*her tfld,l• ,u,. l •• tn o,-rad•• . '!hilt 1arp , Mplar la.er• ... • ta 

t__,.ratut:-t. lntltcated the ,-riod ovtr 11lllch the Jll llt cooling ueit •• la 

op•-r•tloa uct. tl\t bMI ••h••• by th• unte Sacr_,M th• .c..,•nture of 

tlul- ad.lkN019 by • c••tderaltl•. aouo� . !he -11 t·-.Pn•tute t•cN••• 

occ\lnl1a IMlt....,. tdlk cooUaa M-rtfld• t•U.cat.S 1ffillD the ld.lk.--ooa ••t•i

_. os,erattq . 

rtaure t •� ■tlkff.Oll ,...,.-ature trend• clurt•1 ao11N11 wtat•r 

o&"lhttoa la Pbae I •f -cu atucly. The --..racui� tncrta••• ntult11il 

fr-. tM, "-t .. , .. lo t1M .lld,lk.-- *" BC .. ,�t •• iadieat-4 la ,,, ..... 

• •  b•t ·•" attU ptoldHDt . lh• f,_.•nc:, of the ·ld.lkrooa --••r op•••t.ton 

fipna 10 ,...,_ • -cba�t .. ecordecl duriaa cold ••••• 11, fttu• 1 

o:E the •tu4y. lt vt11 •• ttold tut the M11Mra�uc-e i-i•• la •thl· ailkl'Oem 

cl11-c-ta1 tM -.lk cooU.na op•rattea 11 1••• thin la rtgur•• 8 aacl 9 •..- to 

ttMI tao_.... r•t• of hut 1n• fl'OII the •t:ructun . fh• t-.erature in• 

onue, etch todlut .. b .. t•I' opel"•·tloa .. n at .. auo more aWllroua 

chattag tbll p•riod • 

• ip._ 11 111.\tltl"•·t•• ti. �l'•turt tr•oda hdlll l'baN tl n 

cold .. tllqt o,tratl-.1 . tu •11 fl•ctMttoa1 ia ti. ,..,..-atur• recol'd• 

taa• •• c...., t,y tile •Uk.-... bMt•• operettoa _. the 41iff•-c• ln 



PlpN I ..  T_,.rt;tlln lha�t be•"4•d la 
w.-. WMthei- Durtna fhtlM I 

ft.pan 9 .  �w:ac.11,, l't a.colNld la 
lfon,al Viat•r vaatl\er .,_,a, PhaM t 

32 



rtpre 10 ., ,-,..-.tul'• . ._.,, a.OONM 111 
Cold W.atMI' Duriag lb.ate l 

rtaun 11 • temper•�-- Chart ....... ta 
Cold V..thtr Dartas Pba•• l! 

I 
I 

33 

· - ... 
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Thtl C•tly kilowtt•boul' COlll\lllPlion of tM atlltnoa buttaa a,-t• 

1• •-- oa Table• ni .... Ylll . ba acl«tttoa , ti- dUfecaee kt._ llf.lk• 

room _. •t,sl4• t..,.�•tur•• •" •hoW for OOllpat:Uoa "1th tba -.ra 

coneUllld in 1-attaa t� .tlkrooa. . Ilda c-,.1:atuN cllffcrn.ce •• c..,uttd 

fro.a iafonaaU.oa ta table• I th.rough n. An. --,le of ·tlMt --,ubl.tlon of 

th• t111P•ratut'• dlff•r•••• f•l law : . 

Jaatuat, 4 .  ltsa . c1e10• ••1• • 45 •. t ;  

Awap 1dlltr.,.. __,.fttul'il • 69 •. s 

&-..r ... outalq t-,.�atur• a 6-.5 • ct•.au. 4ay 

• 65 • 45 .9 

= 1•�1• , .  

,_,.ratare. lif•f•rnM a �••t•• t-.•r•tur• • out•t•• t_. 

• 69 .S • 19 . l  

• 10 .-t/' , . •  

WUld CoMttt•• 

Tb• 1d.lMI "loc1t1•• • 4il'••tt.ou . aad dur•ttn f•r each ••1 ol 

the atudy •• 11,t .. chroeolo1lcall'J u they occun,act clurtaa che clay in 

Tablea XI ,. X ,  lt , aad Xll • •or •JCMtPl•, • 1nte•pret•tlon of th• uta for 

Juuary 5 ,  1958 wuld W u  follow , thtt ·tf'llld •• •-- th• ,outh at an 

avel' ... v•loct·cy o·f 3 .8 lld.1•• P•• heur f•: • Mrlod of 16 hour• •· it Jhert 

•witched t• the ••t aad tbe •._r•a• ve101tt1 incr•"• lo 8 .3 ad.le• M� 

,,, ,,,  � .• 
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ftlLI ,11 . DAILY mtnuruu DlfflUICI .AID MlLIIOCII RUDI IIIIGY 
COIIU$'1'IClf fOI JAIIUUY MD FDIUA&Y . 1958 

. . , . . . 

J.-w&ry. 1958 rebrue.r:,,  1951· 

Day ,-.. Dtff . Ut..tt•bour Day .,., .. Diff Xilowtt·•hou:r 
or ., ..... u. .. eoaa-tt.•• 

4 50 .4  12 ., 1 S·l .9  U .6 
I 41 . 7  u.o 2 60 .8 28 .4 

,. ,, ., 10 .8 3 48 .8 22 .4 
1 61 ,1  16.8  4 ,, ., 18 .4 

8 ,a.a 2 .4 s 48 .1 4 .8 
9 ,, .• 1 .8· 6 54 . 7  u ., 

10 J6 .8 4 .5 1 70 .t 42 �$  
11  34 . 1  3 .3 8 ., ., 67 .0 
12. 38 . 6  1 .5 ·t 80.2 ·6S .4 
13 .4). 1  , .o 10 76.3 42 .,I 
14 44. 7  , ., 11 73 .4 ,, .o 

15 45 . 2 s ., 12 ,2 .2 23 .• J 
16 43 .J a .o _; 13 61 .S 36 .·7 
17  sa .2 16 .,4 � 14 65 .0 45 .l  
18 t.S .8 u .o '' 11 .J 48 .4 

19 ,1 .,  19 .J 16 11 .0 48 .0 

20 JO .o - 11.4 17 82 . l  s2 .o 

2.1 54 .1  14 .4 18 75.8 44 __ 7 
22 51 .0 8 .4 19 51 .4 14. 7  
23 48 .9 u., 10 ,,.1 3 .-3 
24 39 ,7  6 .3 21 s, ., 1 .4 
25 42 .2  .. , a2 J3 .4 1 •. 1 
26 46.2 , .z 2, .28 .3 2 . 1  
27 41 .6  8 .6 24 28.0 oo .o 

28 48 .9 6 .4 25 22 ., oo .o 

29 .so . 7  10 .8 ·t6 . 23.0 oo .o 

30 S0.4 ie •. a 27 19 . 1  00 .-0 

31 54 .8 19 .6  ·~ a 28 .8 oo.o 
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TAILI Vilt. DAILY ftOIIAIVII DUHIIIJCI AIID NILQOQN 1114111 IIIICY 
c•SIJMft:tOll roa JAlftlAlY AJID PD.UAIY, 1959 

J•uary, 1,,, f•biuary, 1959 

Day ,..,. Diff •. U_lowtt•hou• O.y ,..,. J)iff . ltlo111tt•llour 
op Ooa•UB1Atloa Op eo..-.ttoa 

4 10 . s  60.J l 7! .3  73 .8 
5 71.1 63 .3  2 67 .0  60.0 

6 62 .0  58 .2  , ss .o 41 .0 

1 5) .8 59 .4 4 61 . Z  69 . 1  

8 68 . l  61 . 2  s ,, .z 60 .6  

' 41 .8 2J .2  ' 63 . 7  63 .0 

10 41 . 2  11 . 1  ? 60 .0 54 ., 
11  40 .6 3 .6 • 67 .• 6 54 . 6  

12 39 . 9 3. .0 t 6.4 . 2  57 .9  
13 32 .0 3 . 6  ·10 Jf.,  53 ,4 

14 31 . 1  4 .) l1 62 .9 74 . 7  
lS sa •. , 28 .4 12 52 .4 J6 •. t 
16 ,,. 1  sa .4 13 60 .7  74 . 7  

17  63 . 3  48 .6  i4 61 .8  61 .S 
18 ss •. , 51 .6  15 55 .6 S7 .3 

19 6S.9 60 . 3  16 60.0· 52 ,J  
20 68 . l  60 . 3  17 62 .2 51 .2 

21 10 . ,  40 . 8  18 ,s ., 61 .8  
22 68 .. S sa �• 19 75 .4 69 .6  

23 ,1 .6  50 .4  20 ,, .• -S4 .3 
24 ,2 .4  47 .J 21 54 .0 ,,.,  
2, 63 .9 73..S 22 42 . 9  41. 7 
26 16 .6  45 . 6  23 44.8 1, ., 
17 54.0 33 .3  14 4S . 6  19 . 1  
28 42 .S  13 . 5  %5 43 .2  15 .6  

29 s, . ,  35 . 7  t6 38 .0 , ., 
30· 65 . 8  61.8 %1 33 .3 1 . 1  
31 11 .,  73 ,2  42 .0 4 .2 
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TABLB lX . l>AU.Y Wl!ID DIU.CTlON • VBLOClTY • AND DUIAUOR roa J.QftWlY • 1958 
UCOIU>ID AT SOUTB DUOTA STATS COLLIC.I WBATBII STATION, 

l&OC&INGS , 80lml »aorA 

Day Direction Velocity Bour• 
. tUb 

4 s , .o 24 
5 s . w. N , . • . 8 . 3 , 13.0 16 . 4, 4 
6 N • w, NW 14 .6 , 14 . 8 ,  u.o us . , .  l 
7 •• w. $ S·.O ,  5 .0, 6 .,8  •• 6,  6 

a w. s 4 .• 9, 1 . 3  u . • 12 
9 N • w. w, s ,  g 8 .0 ,  u.o �  , • .2., 1 .8 , 2 .0 " · 2 .  9 ,  4, 3 

10 NW, w • s ,  8 0 . 1 .  5 .o:. ., .o. 4 . 8  ,. 14, 2? s 
1 1  s 12 . 9  24 
12 N, s. B 4.o. S .41 1 .4 4. 7 ,  9 

13 s 4 .1  24 

14 •• w, s .  E 7 ,0 , 1 .0 .  s .o .  1 _.o 18 , 2, 1 , 3 
15 w, s 2 ., .  , . , 12 , u 

16 •• HW, B s . 1 .  1 .i .  l .O 15 , 4,. 2 

17 N ,  w, s ,. NB 7 .0 ,  2 .3 .  ,. • l .O· ' � 6 ,  1 1 , 2 
18 s 6 .,8 21  

19 • • s 4.1 , 6 . 3  20. 4 
20 •• w, 11 2; .9 , 2 , 7 , .i .4  14, ,. 7 
2 1  • •  RW • v,. s ,  I a ., . 2 . 4,, 2.0.  l. l, l .O· 1 1 .  s ,  3 , 4, 1 
22 w, I I 4 .2, 1 .0 ., 1 .8 17 ., 1., 4 
2 3  "· s ,  I, & .o .  4 . 9 ,  J. 3 2 ., 16 , 3 
24 s 13.0 24 
25 •• s .  SI 7 .9 ,  7 • 7· I 5 . 7  12, 3 ,  6 

26 IN, • 11 � 7 , 10 . s  18, 6 

27 • • RV ,. w 9 .0,  9 .2. .  8 , 9  11 
28 ll,  w.  s .  B s .s . ' . , .. 1 .0 .  1 .0 4 ,  15 , 1 , l 

29  • J .2 14 
30 •• I 2 ·  .• 7 , J .4 6 , 14 
31 •• w 3 .8 ,  2 . 5 � 14, 2 
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TABLE X .  DAILY WIND DIRECTION. VELOCITY, AND IUlATttll roll hlllVARY •· 19·58 
UCOll>ED AT SOUTH lilC7lA STATE COLl.iBCI. WIATHD STAtlOH, 

BlOOillfGS , SOVD DUOrA 

Day Dir ction Velocity Hours 

1 N, NW l� . s .  10 .8  4, 12 

2 N, NW. w 8 . 1 ,  6 .0 ,  s .o 21 , 1 . 2 
3 s 8 .4, 20 

4 N ; s 3 . 1 , 5 . 2 14, 6 
5 N, NW • w 4 , s .  6 .- 3, 3 ., 0  10 , 13 ,  l 

6 N , w , .2. 2 =.o 22 ,  z 
7 NW, w 9 .o .  3 . 7  12 , 12 

8 N ,  NW, w 9 . 3 , 6 . 4 . 6 . 1 .3 ; 11 , 10 

9 N ,. NW, w 4 . 8 ,  3 �0 ,  3 .0  1� , l , s 

10 N ,  NW 5 .0 , 4 .0 22, 2 
11  • NW 8 . 7 ,  7 . 3 18 , 6 

12 N, NW 7 .9 , 8 .0 14, 10 

13 N , "• s i I 3 .0, 1 .0 ., 4.8 , 6 . 1. 3, 1 .  4. 8 

14 N,  B , NI s . 1 .  s .o, , .  . 16 4 4 . t 

lS N, w 1 .8 , s . 1 1 1 ,  7 

16 SW 1 . 7  � 

17  s,  E 2 .• 6 ,  1 . 1  9 ,  7 

18 NE 
-

1 .0 6 

19 s ,  E s .a ,  2 .0 14, 1 

20 s a ., 24 

21 N , w, s 6 . l , 1 .0 , 3 . 5  1� .  l , 2 

22 s 10 . 6  16 

23 s .  I 2.0 . 2 .0 5 ,  4 

24 N, NW, w 1 .0 ,  1 .2 . 11 . 3  1 , 6 , 4 

25  s 16 .8  16 

26 s ,  & 10 � 8 , . 9 . 3 12, 12 
.;. 

4 27 H ,  E 15 . 3 ,  9 . 3 16 , 

28 N 13 . 5  24 



TABL Xl • DAILY WlllD DlUCll . • VELOCITY , AHi) DUIATIOJf roa· JAWAD t 1959 
llEC0RDID AT SOUTH DAKOTA SD.ft COLLSGI WIATHD S'tAllOH, 

BllOQlllfGS , SOUTH DAlO'tA 

D y Direction Ye103,_tt7 Hout• 

4 w. SW, s 7 .9 , s .o, 8 ,. 3 14. 1, 9 

s s 7 .2 24 

6 s ,  SB, B 8 .9 , 6 .. 3 .  5 ., 7  9 ,  3. 12 
7 •• B, Ill 4 .0 ,  6 -. S, s •. s 9 , 8,  6 

8 N,  SW, S ,  SB , I 1 . 7 ,  2 .0 .  1 .8 ,  1 . s ,  2 . 1 , , 1 , 8 ,  z .  7 
9 w, SW, s ,  SB , I 10 .9 ,- 10 .8 ,. S . 4, 7 .. 0�  S . 1 1 .  s ,  s .  1 .  6 

10 w , s 10 .8, s �6 12 , 12 
11  s 2 . s 24 

12 ., S , B 1 . 7 ,  2 .4, 6 .9 , . 7 , u 

13  N , NW ., w, s 6 .0,  3 .. 3..  ·2. . 1 , · 7. 1 , .  3 , ,. 9 

14 M, HW, w 10 .8 , 11 .4, 6 . 1 10 , 7 ., 7 
15 NW 12 .·8 24 

16. N ,  NW 8 .4, 6 .J 17 , 7 
17  N, RW "· s .  HI 4.a ,  3 . 3 , , ., , 2 . 1 .  2 •. 0 1 .  4, a ,  10 ,, 1 

18 •• s 9 . 7 , 7 .0 -r 
9 ,  u 

19 If, •• w, s-w. ,s 6 .0 ,  , ., , 4. 6 ,  4.0. 3 .9 1 .. 6 ,  , , 1 ,  10 

20 H t NV 7 . 7 ,  1 . 3 16 t 8 

.21 MW ,. w s ., .. 9 .2 • •  16 

22 w 10 ., 24 
23  w,  s ,  B 3.o .• 6 ,4,  , .o 4, 16, 1 

24 H, s .  RI 4.8, 4.0 ,  7 .8 4 , 6 .  12· 
25 E ,  NB 3 .0 ,  6 . S 6 ,  10 

26 s J .9 24 
17 s 7 .0 24 

za s .  B 6 . 3 ,  3 . 5  20 , 4 

29  ., HW 10 . 3,  6 .5 18 , 6 

30 •• w s .a .  3 .2 .,;. 19 ,. 5 

31 II ,  NW ,  w 2 .  7 ,  1 .3 .  2 . 7  13. 6 .  s 
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UBI.I XU . DAILY VDD DIDCTlOII • VILOClTY ., MD DUIA.flOI ,oa fD•&at 1 19St 
IICftDID AT Sotml DAlMA Ifill COlUGI WBATHII S'IAttOI . 

IUOIDGS • ,SOtllll DdOTA 

Day Dtrec-ttoa Ye-locity Bour• 
-,h 

1 S ,  I 4 .8 ,  , ., 14, 10 
2 8 12 .0 24 
3 II, lnf, w ,  s 14 .4 ,  4 .. 0 ,  a .s .  4 .0 13 ,  1 ,  2 -,  4 
4 I ,  IW, w. I 12 .0 , 1 ., .  , .. 1 .  8 .6 8 ,  2 ,. , .  8 
' •• w 16 .0 , 10 , 1  Z a  12 
6 w. s . SI , I 3 .0 , . a .a .  , ., . 6 .8 1 .  14 • , ,  4 
1 • •  s ,  s1 lfl 12. 1, 7. 7, 7 .o . 10 .3  16 ,. , .  1 .  4 
8 • •  SB , I ,  111 5 . 1 , ·2.0, . . , ,  3 .0 , .  1 ,  13 . 1 
9 • , ., 24 

10 I ,  ... w ,  s 1 .a , 8 .8 ,  2 .0 , 2 � , 10 , .10 . 2 .  2 
11  s 13 . 7  14 
12 • • s .  sv. w 1 .6 ,  9 .2 ,  , .o ,  4.0 12 . 10 . 1 .  1 
lJ I ,  w ,  8 • •  111 s .a ,  , .. o .  4 +0 ,  a .o ,  1 .0 s .  a ., 2 ,  14 . 
14 I ,  RV, v.  sw, • 11 .0 , 9.8 ,  .. • 4 .0 , 2 .0 , ,  , ,  • •  1 .  s 
1, n. w. •• 8 12 .e , 10 .0 , 6 •. o .  10 .s  , ,. l ,., 1 ,  19 

16 · •· •• w, n. I 4.o . 5 .8 ,  4 • .  3 . 2 .s .  2 . 7 , .  u .  , .  a ., 2 
17 I, 11W 1 ,0 ,  , •. 6 19 , 5 

18 • •  IIW, w s . 1 ,  s .a ,  S .3 3 , t ,  12 
19 w 4_.9 24 
20 w •. 9W 9 . 1 . 5 �2 1a . 6 
21 • •  •• • I 2 .3 ,  2 .0 ,  , .1 , . l ,  1J 
2.2 • • I 8 . l ,  l . 1  ·9 ,; 1' 
23 I ,  •• w . . , .  a .o ,  7 .4 2 ,  7 , u 

24 w .  aw, 8 3 .6 , 1 .0 ,  6 , S  14 ,  1 .  ' 
15 . , SW 4 .3 ,  6 . 0  tl , 2 
2-6 v ,  s ,  SI 2 ., .  , ., , l . 5 � • •  11, 4 
27 w ,  s U .3, s ., 18 , '6 
28 w 6 .6 24 
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hour f-or tour bo�r• and H•lly cae froa t!Ma aoi-tb at 1J .o ad.1•• ,._. hour 

for the ..._,ataa four he>u�• of th• day. 

Wind If feet Anal,aia 

lt\f.tial coapar1ton• of the inilkroom beatt11a Nfl'lir-t• to the 

aver•ae cltff•ru• Mtwea outatcle _. taat4e telapewatur•• fa11tMI to .. Ub• 

U.•b a Nli.i»le tqa4 -,on 11ld.eb t• kn enJ prediction. of 1-at r-.talnd 

for uy •,.ctff.c --..ratu.-• cl:lff•reace • Tb:le 1•act tb• autbc,r to belS..ve 

that aclditlon•l faoto1:e •1•t_. tha:t qd a •ttatte •ft.et on tldl h•U.aa 

n11vi"'8111ta ot the ·1111lkrD011. !he .... _....t c,f eh• ailkl'OOII '6tch ta• 

eluded WUhlag 1111-ld. ag e4ul,..at twice daily • w•ht.n9 the l>ulk tak nery 

other clay .  _, cl••••• tM llilklfoora ••ilJ J wuld add • c•wuta ...... t of 

but •'•" hot wter •• ,_._. lo all of the" o;er•tion,. !be •ffeot of 

tMM o,.1'aU.oa1 wulcl IIOt: tend to altar th4t result• of thta invettl .. tioa 

NoaUH the y •• coNuotecl followJ.•1 approa.S.•t.el y the ••- patten ud 

tcMtlul• lhrouahout tlw cour.. of the •�rlMOt . '1M ..... laiaa factor ef. . , 

•aau>rable •pitucle which •ff•.cMd hut lot·• froa the •lklOOII Wf wllld 

velocttJ -4 direction . 

Tb4I lllllkr_. •• ahe-leenrad •1 the ctatr, b.ara on the · aortb , wu , 

Mcl eouth •t•••.  ft• uat •t•• _. uoprote:cted ..S q_eef.ved tba full 

force of •1 11f.Dda fr0111 u eaetar1.) dtraettn . ltudtN •f wt• •locdty  

aad cltnctioa COIIP•racl to heat �u1N111t11ta of tbe 11lilkr001II lea4 to th4a 

eoncluatoa -that wind• froa all Nat-edy dlnctioo c•uad • d•ff.1tit• t11e.r .... 

ta the ltilowtt•hour con-.ption f the ailkrooa h .. ttna ualt at a:, si,,.. 
. � :r , 



t•,er•t�r• b•low apprexi•t•1y 32° r .  · South wind• aad· l••• effect wtl• 

vtncla f·r01Ja the north ud --·ter.ly dtNetlft• had th• 1 .... t •ff•ot .  

A ••tailed atud:, o f  ti-. •ftece of ·Vlnd velocity ad cli·teoJton ,._. 

aulted ia tbe davelo�nt of • •thod ·of nnktna Wlad oonditl.ou •ccordtna 

to their •-Hect  oo hut lo•• • The obJe.ct o•f tlda rakiag aytt• .._. to 

•nable the aclJuatwent of the lulatiag ffl\li.,...ta to etllldard ooQclitloa• 

when it could be •••uaect tha-t th. vtod ••ff"t had been wNu_. to • .tat• 

.... thi• raak&rag ty•t• made ,eeatbl• tb41 plactna of· • ,-rtl�ulai clay ta. 

Ofte of five categories d.•pendin1 u,011 the wJ.pd coa4U:t.on• £et that 24 hour 

period . The numerical val•• uaia-• to the· cateael't•• •• froa 1 to 5 

wt th a ratlna of 1 reprenattna VlQ(I condi tf.oot ol t1egU1ible effect ., ft• 

biahec- aUllbft• incU.cated wind• •• ta.oreuecl ef l•ct ft hUt lo•• froaa th•-

et:rue ture. t•bl• lttt ab.ow the five r•U.aa• aa4 tM wind �lootty ran .. 

. and dlncttcm for •ch e.atepry. 

Wtad 
DiMc·ttoo 

• 

II 
I 
a 

::6 w 
.l9l4oitz .. 

0 - 10 
0 - 10 
0 .. 10 
0 - 10 
0 - 3 
0 - 1 . , 
0 • 1 . 5  
0 - 1 .S 

::ad lftiet i . .. , ... . 
Y9\05itz 
10 ., 20 
10 • 20 
10 • 
10 - _, , - 6. .• 0 

1 . S • 3 .0 
l . J • .o 
1 . , - s .o 

�ti•
� 

•;a : · ... >; : . I .. ... . tft ti 
J•J29ttz .!IIM!�:x v.1,st,z 

6 - 9 ,. • 12 o..-r. 12 
, .o .. 4 .. .  s 4 . J  • 6 .o•t 6 
3 .0 • 4 ., 4 . 5  .. 6 over 6 
3 .0 • 4 • .5 4 .S - 6 over 6 
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Ia cl•••t.fying a 24 hour pewtod dunn1 whieh the wtncl chengecl 

d lrectlona , the ra,tlna for each Pllt"ticular wiDcl condition waa 111Ult1pl1tld 

by the fraction of the clay over llblc:h th•· eoadttion ..t•t•cl . The procluct• 

of th••• conditio11a were theft t.otaled to obtain th• f taal rating . for 

e-,le , on January , .  1958 tlua. follniaa llitMI 41ffeti,cma , .-1oetttt1 u4 

Wind diHction 

• 
Yeloctty (11Ph) 

3 .81 
• �2, 

13 .• oo. -
.CaloulaUon, for the ratinp would be 

btta1 

2 

2 

t-raction of 24 hr . pa�iod 

1 16/.24 
� 4/24 

4/24 

Duratlon (houra) 

16 

All f ractioaal part• •re r.ouac.led to ti. oureat wb•l• ._.. .. ae 

that only five diatinct cat•prlu, •uld r••ult .  Table lff ,1._. t1- Wind 

•ffect ratina• for the period over which the inv••ttaaUn •• cenduct-1 • 

the reaulu of tb• invut.iption •r• baeed on dat• �._. ... during 

period• wha th• tff•et of wtlld velocit,y , dtrec-ttoa and duration •• co•• 

,t1dare4 ne1lt111>1a . The infohaltt.on neon.S on 4ay• ._ ct.. viect effect 

•• rated at two or ovet •• .-.J•c••• •• being rapr .. entatl..,. of coad1ttoa1 

oth•r than th• atandarda aet up for the tave1tt.aatiM . lo •tt..,, ..,. _.. 

to cornet the. r .. dlnga made .--�••1• b&Vtaa viad effect• 1ntatel' tun on• 

atnce it •• the au.thc,:r ' •  opinion that thl• practice W0\114 not cban.ge t:ha 

reaulta in any •n•r • 
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TAILI XIf . WlND unar MTDG rea TD Tift. natoD 

19S8 1959 
Jan�,y Peb�ry ·Jaau&Ty fet,M'Y 

Date Mtina Date lating .. ,. a.uaa Bat• · 1ac.ia-1 

4 3 l 2 4 2 l l 
s 2 2 1 , , 2 4 
6 2 3 ' 6 3 3 z 
7 1 4 1 7 3 4 4 
8 1 s 1 • 1 , 2 
9 l ' 1 t , 6 4 

10 2 7 l 10 2 7 , 
11 l 8 1 1 1  1 8 , 
12 s 9 l 12 3 9 1 
13 2 10 li _; 13 2 10 

•--< 

14 1 11 1 14 2 11 s 
15 2 12 1 lS 2 12 2 
16 1 13 3 16 1 13 4 
17 l 14 2 17 l 14 1 
18 3 1S 1 11 2 1, 4 
19 1 '16 l 19 1 16 1 
20 1 11. 1 20 l 11 1 
21  1 1·8 1 21  l 18 l 
22 1 19 1 22 2 19 1 
23 2 20 J 23 2 20- l 
24 ' 21  1 l4 3 21 J 
25 2 22 4 25 3 %2 

2, l 26 2 23 1 26 l 
27 1 24 1 27 l 24 
28 l 2, s 28 ,. 2S 1 

29 3 26 5 29, 2 .26 2 
30 , 27 

, ��-
JO 1 21 2 

Jl 1 28 2 Sl 1 28 l 
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C0.,&1'ilob• of th• --�87 c .... ,. hMU.•a tha 1dlbooli to the 

cltff•·reaoe 1MttM8 inatcle _.. out•U• "91per•tun, •n •llftla la •tau• li 

for ....._ I and ia rtaur• 13 for tMM II of ti. •tudy,.. fh• clata for cha 

coaparfaoae an 9bow on T•bl•• Dl Md Ult �  IN calcul•tloaa f0:tt fitH.n1 

t• ounet •" in •pp-4tx A.  

The milkftOII 4icl not Nfl\lin ..... �t du•i•a PM• l 1lb4ft the 

cliff•i:•n• b•twe• lldlkrooaa ... OU'ttl4• tellpfr•tai-•• -· 1••· tlla ,, .,  

••aree• . hdaa n.•• It o,f . th• openttoo no hNt ._. -.qus.Nd •t t_. 

, ... a,un diffennc•• of k•• thu J2 .S  ••,lftN •- ·!hi• C0114ltioa •• ·•• to 

tN, IWlat geio f coa the c.,b1enatlon rOOJt ..._re th• atr ,...-�at.an •• •t•• 

tainecl app.-oxiatelp 10 ••ai-M• Id.per than the atlk"°11 and to the llMtl•-• 

load •uppU.ed by U.ptl alMI -----•t pr.ac·Uoee " 
. 

� 

O.viatton of the data ,,.... th• plot·tt4 cu.ne• coulf lo9tcal l7 ·l>e 

attr.thutN tO ch• follewtag faoto·r• t 

1. Maaa .... nt pract:1�• o•r Vhtch ti. •tt.r bad u o.oattol 

iaelu4tq faUu• to �P tbtt door ac&Jo·lntna the 111f. 1kro• 

at1 the obMnatlOD · rooa eleNd ., •11 �l-• ucl �rlodtc 

ch cka of the butter fat coetut of tM atlk protuceit -by •oh 

.. , .. 1 mtoh aec•httat• 1-eplq tM door of tM td.lk#OOll 

op•n for the an·ttn ld.ltd.q p•doct eN lodia1 -t"- •Uk t• 

the cooler -.nuall7. 

2 . lfoa.1 fluctuation tn · tll• ..,., of 111 1• ONlN •� .. ch atlltir.1 

period. 

3 .  a.at laa dM to the neldual effect• of eolcl ••thew on t• 
I 
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TAILB XV .  TIMPIRAftll DIITIUIICI ,AlfD NXtDOOII llMUl DB•Y COIISUNPTlCil 
FOi PBAal I ,  WXB COIU>fflOII I 

(X) (Y) (X) ,(Y) 
tnpereture 1nei:-1y ,_,.rature 8-1'11 
Di ff·ereoc:• Conauanption Diff•nnc• Coaauapttoa ., Ii l·ovatt•hour Op 

61.2  21  • .  5 7) .• 4 ,, .o 

38 .8 2 .4 e.2 .2· 23 ,3  

3, .4  1 .8 8 1 . 3  48 .4 

34 . l  3 .3 81 .0  48 .0  

44 . 7 3 . 3 82 . 1  s2 .o 

43 . 5  2 .0 1·s .e 44 . 7  

58 .2  16 •. ,4 57 .4  14 . 7  

51 . 9  19 . 5 37 . S  t .4 

so .o 11 .4 28 .3  2 . 1  

54 . 1  14 .4  - 28 .0 oo .. o 
· -r 

n .o 8 .4 68 . 1  61.2  

47 .6  8 .6 40 .6 , ., 
48 .9 6 ,4 65 . l  51 .4 

54 .8  19 . 6  63 .3 48.6 

60 .8 28 .4  65  .. 9 60 .3 

49 . 6 18 .4  68 . l  60 .3 

48 . 1  4 .8 70 .3 40 . 8 

S4 •. 7 13 . 7 65 .8  61 .. 8 

70 .• 9 42 . 5  71 . S  13 . 2  

85 119 67 . o  73 .3 73 .8 

80 . 2  63 .4 64 .%  52 •. 9 

76 . 3  42 .8 51 -S  SJ .4 

61 . 8  61 ., 5 
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TABLE XVt . TIMPIIAtulE DMIIIHCI AD Mll.UOOM DATIi IIIIIBY COISUIOTlOR 
. POI PRAii ti , VlMD COtmITlON l 

(l,) 
Temperature 
Difference 

op 

60 .0  
62 .2 

65 .t  
75 .4 

,, .. 
43 .4 

43 .2 
37 .3  

(Y) 
lneray 

Con•uaaptton 
ICilowtt•hour 

,2 .s  

58 •. Z 

61 .8 
69 .6 

54 .3 
23 .9  

15 .6  
4 .2 



-4urtog va1t111r wather wat . r tiull foll__. . � nv.r•• 

lit•tt.on wuld ._tee d:uwtaa th• trn•ltlon from -•• to 

col4 wetMr , 

fipn 14 •bowl the- curve• fl'OIII rtaur•• 12 &ad ,, .. ,...,.,. ... on 

oae areph for oomparboa ptal'fff•• • . .._ .• ._... ._... betwMD the 1'-

n.preMllt•. th• lllat ,eupp.ll• to . tia. llilk._ lily the ltulk ailk cool•l' 

tbroup tht rang• of ,..,.ratur• clifbnt1e• nconl_. durtiaa thll n.a, .. 

50 

Th• heal. ---tr•ctN fr• the 111.lk ••· at11tNCI t.o a 1 .. ,u ••1..- at 

... 11 ta.pei-•tu.- dtft•reao•• •t••• the hat flllMd4 froa chi coolin1 •tt 

•t•recl the llilkro-.a at •ucb. a bilk at&" tut th• ,..,•�•tun •• •l•••t• 

retultt 1 111 ••••l•r•M• i..t lo•"• • ,, l•ratt t_.,.·r•tun Iliff•-....

•" of· Che h•t Mltrac.t.S fl'OII _;_ allk •• utUi... eioce the ••t1tt111 

uat lo•• froa. the ••tructui-• pr.-..ated �••tun •l•vatloo of ay pMt 

Mpitudt , 

tlaun lJ •bow the ,-neat of ti. total bNtl•a .... u1,·•11111t •• th• 

a1lkrooaa tbtl •• •up9.U • .S bJ 1ti. IM!Natt •t-raet.t fr• th• 1111k . lla4t ••l•• 

raa ... rna 100 to 29 .9 ,e11caat at. •• ,, .. te•t ,..,.rat11«.· •11tenndl• • 

1,1\41 ••••• for thle araph •r• 4• t,•1:111iMd b.y 4lvt•tn1 tM· Hat a&vtd 1,y 

che total but ff4U1tad for the· parlicn.al1r t..,.••C•tt •tff•naq •• whloh 

tM ,ercat .. •i•I •• •••tr.t • 
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Figure 14 . A Comparison of the Energy Required to Heat the Milkroom 
During Phase I and PbaH II ""' � 
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'- t y•t• ctealpN to utiU.ce the bulk ailk cooU.•·I unit •• • 

heat PUIIP p•rtoftll4 •att•.f•ctor:Uy and no •djdtMnta •� alt•r•ti••• of 

the or111ul •••-'811 •n NffUJ.recl . Winter operatloa of th• unit ••· 

,tucl.led to ••tenat.ne th• •ff•ot of bMt rejected by ti. •milk cooltna att 

on tit• heaU.•a nquiT ... ta of ch• 111.lkrooa. ..._ .. opel'atioa •• Dt 

1tudlecl .al.ace the h .. t fro11 the CGN•u•a eoll of the •ilk c;ooU,111 .-,t 

•• dl•••ed into ti. •t••••�• ••· tnp•ratur• coatrol S.n the llilk� 

•• 1baply • •tt•r o·f fflltilation . 

A •-� of the neult• of the l11Matlaattoa f•Uow t 

1 .  fu; tdlkrooa did not 3-,UiftJ any h .. t et diff•r••c•• •f 32 .s0· r .,  

ce1"4 from the eb .. rvatloa fOM.11 Mt tu ._.t,111 t•fftl"NtUt• 

to th1t pet.at . 

2 .  th• he•t htract•d. fto. the tltlk auppliecl th9 1'Mttn1 req\llr41• 

-t• of th• llilkroo• for the t.aperatur• 4tlf•r•ca• raoat.01. 

froa J2 . so co· 35 .J0 P .  the· "ro-ettt•1• of the ·total llMt •up• 

plied to th• ldlkl'OOII )y the bulk nlk cooler ruaed from 

100 ,-r.c•t during mild watMr to 29.9 percut dui-ta1 the 

eoldett watber . 

3 .  A ,.rut•r p0rtle11 of the heat: axtract.S f roa tM :ad.lit •• 

utiU.secl durf.· na cold .... tllea. �•• of the available hMt •• 

u_. durtag aild waati.r atnce the eilkrooa t-.,•ratur•• •n 

eln•ted to • point ••11a � . . c•l•rated beat 1••• ft'OII the atruc• 

tu.I'• occur:nd , thue ••ting the aval 1ab.1• heat • 



4 .  a..ult• intcated that ti. 1yat• waa •·ffeotive ta hpplyt•a, 

heat to the •llkNOta fo� •PPnKi•t•ly 4 MDth• of t� ,..,. 
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5 • Wb11• 1"r•l'OUlkl •• of t·be heat fl'Olll tile ailk coulcl no,t 1-•. 

1reaU.1ed "1 th the aytt•• • •CGd14•r••I• ..... t of the. total 

hftt te4ulMd charina td•t•r o,--.etton •• tupplied to the 11tlk•, 

.-.... '!he •t•d.al. alld · labor coat• of •••tnctln.1 tM V91lte 

-4 duct •rk n•c•••••Y to OCHlftrt the a.Uk cooU.ng ua.t t to • 

baae PUIIP •• r•l•tt.-11 ...ii . 

6.  ft• ayattm .aupplttd u•t to ti. ultrooa dulina a P•1'tocl when 

w1111r te11Peratun• •n ••t aalreble. The llu t  -, nppU.• 

durt111 tlMt fld.lld.01 pe,:iotl uct for auf flct•t tiae tller .. ft•1e1 to 

that t,a effect wuld IMt lt flhtJ.I the 1111k hadll•& -a11iP11Ut 

•• ••heel __. cleu.i. 

7. fat.tt ol tM elf lcleac7 of ti. •1•t• ,,.. lo•t 4utt to t._ nec••,. 

•1tJ of pas-.tially eoolta1 tlw eoa-1_..r "1 th wt•Jt 1t11ce abr 

cooli•I dt• aot hav• eufftcd .... t capacity. th• u.t canted •-1 

la tM cooltns wter w.a aot _.1• for •llkl'OOIII �tiag. 

Iha aboflt naulta an .,...,. oa a1udte1 ...S• au oa• loca&tOD ._. uader 

on pa1'Uct1lar Ht of o,r:c .. taao•• • l•t ,1, the avtbOr'•  kU.af th«lt 'td th 

a pro,.rly •• ,1 .... ailkro01ll ancl bulk milk coo·let' 1o.uu.1tt• . a •ch 

,ir .. t•r portion of the heat ril..... ltUI thl ldlk coou ... , OMr•tlon 

coul• be utili_. 1 hatl·n1 th• lllllkroo111. M-.uat• f.aaulad.on ta the tai.lk• 

roem woul• qctuce. heat lo•• coaetderably ad • tee-bank elk cooltna •71t.• 

would �leaM tlM ltuc at a elowr tnd .. re uaable, rate tun tile dinct• 
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GALCULA.TIOHS ,oa· rttTUG IIGUSSlOII ,Clians TO DATA PIUDTID 
11 !All.II XY AllD DI 

" 

The ••uation for fittina a straight line to a nriee of obaervatioae 

by the lea1t a,uarea •-thocl13 f.1 · the fona : 
... -

Y : Y + b (l • I) 

Vu..-. Y # the. 4aily kUow-tt.;..hour e011aumption of the mllkrooa 

heater ; Y • ·tu av.ti'- Y val-. ; X : th• dlff•rence Nt1'Ha ti.. av•r•a• 

daily 111Ukrooa _, outaicl• taperature ; i = ave.rap l valu. and & t• a 

a:•1ree11oo coef ftcient 4e1£patin1 th• elop• of th• U.ae . 

Th• v•l• of b can be fouact from the following equation : 

Table xv. Th• followtn..1 ta1,u1ation• wn ucl• from -r.bl• xv. 
� JC  : 2617 . 2 

I:.Y • 1395 .4 

X a 58 , 6  

Y • Jl ,O 

rx2 • 164 , soa ,04 
(rl)2 t 6 , 954 .113 . 84 

I XIY : l .679 , 948 .88 

I XY : tS ,070 , 50 

• :  4S 

·�-
1'1,. J .  Dtxen and P • .J .  Kaaa•y , Jeti;..Sugtloe !!. 8tft11t1.cal Aaa!zJ91-f .  

p .  191 , McGrav-Rl ll  loOk eo.,uy . tae . : ... YOltk � 1957 . 



Solvlng for b ,  

b • 95 .•. 070.SO .-. �,679, 94!.Sf 
45 . .  

lt : l . 335 

thia stve• the equttion , 

Y e 31.0 + 1.1,, (X • 58.6) 

"lb• ea.lc•l•tlona fo-, l'MN II •a. obtained fr• tbe 4ata ebown 

CNI Tahl• ff1 and tlM, ruulttas t•l>ula,ttold -- .. follow t 

t i • 447 .2 

I: Y • 340 . 1  

z • ss ., 

Y ·• 42 .5  

�-2 : 26· ,213.94 

�s)2 : 199,fl1.84 -

I IY & 21 .105 .48 

• = 8 

Selvtna for l u  

b • 21 �20S .48 • \5JaOJ2 -72 

· · · · . . lf 9 a 9§7 � 84 11 ,213 .94 • · 8 

b e· 1.805 

Y s 41 ,5 + l.805 (I • JS.t) 

. .  
� 

,. 
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