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Figure 3
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Figure 6-HUMAN THERMAL BALANCE
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atendexds ®r® re q u ire d  in  in d u s try  to  ©over th e  e x te n s iv e  reg ion  o f  ©a* 

v ironm onta i ootid i t  io n  a ly in g  feetw©an th e  upper l im i t  © f p h y s io lo g ic a l 

to le ra n c e  and th e  lo w e r l i m i t  o f  c la p l©  co m fo rt* /  d e f in i t e  e o la t io n  

f t t a a t  b® reached wlt'bowt th® ©©©plot® co o p era tio n  between p h y s io lo g is t©  

end p s y c h o lo g is ts .

In d iv id u a l In d u s tr ie ©  in te re s te d  in  th© © o a fo rt o f  t h e i r  worker©  

must © © t iM i ih  p r a c t ic a l  ©t«ndnrds q u a lify in g  w ith  th e  requ irem ents  o f  

mm&h indue t r y *  C ooperation  o f  in d u s t r ia l  * m edics! t e n g in e e r in g *  person-* 

n e l departm ent® * p h y s io lo g is ts  end psycho log is t®  i® needed f o r  o v a ln o tin g  

th e  s u i t a b i l i t y  o f  therm al environm ent © f o r  w o rk * o r  r e s t *  sad th e  com­

f o r t  end h e a lth  o f  th e  w orker*

E v o lu tio n  o f  the  Body Heat Com fort S o a a tlo n * In  s tandard  c o n d itio n s  

where th e  s ta te  o f  com fort e x i t s  * th e  ro te  o f  body h e a t lo s s  by r a d ia t io n  

in  S tu /h r  Cp#r °P *  d iff© r«a© ® } between th e  c lo th e d  body s u rface  tem p ere - 

tu re  end th© mean r a d i a n t  tem peratu re  * ©an be considered p r a c t ic a l ly  ©on- 

i tn f t t#  S i is iU r iy #  th© f i t ©  o f  body b e s t lo s s  by eenw eetloa in  Biu/fer (p e r  

° f *  d i f fe r e n c e )  between th e  c lo th ed  body surfs©© tem pera tu re  snd th® sm» 

h le a t  s i r  temper©t«iro dan be taken  a® c o n s ta n t*

The ra te©  fo r  tho c lo th e d ' s u b je c t in  a room w ith  a i r  and w a lls  

a t  T%°P* © r© t*

iy  r a d ia t io n  t -  200 *  {S3 - ? | }  2 2 2 *2  B tu /h r  ( ° F * )

By o o n vee tlo n i -1 0 0  1 ( 3 3 -? k ) » 11*1  8 t» /h r  ( ° F » )
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SaporSaontal work <toao by ia d U « t« i that *  ©bongo la  a r t  o f

l®¥* r t f i ia w  on opposite ohengo la  off#© t i r e  » i r  toaporetare o f  approxI* 

m u te ly  •5® *’* The to r *  *of#ootl«e teopeiretaro* iaoliadoa th e  In flu e n o o  o f

h u m id ity  b a t w ith  In  tho  rouge o f  In  a id #  o o a& ltlo ao  u s u a lly  found i s  m m *  

fo r tel&y hooted o r  sealed fooom* A0 #5*?* off e e t ire temperature aheago

weald represent a e a rlot ion In tho dry t*lb teoperetoro oft*

haltt temperature required on opposite ehenge In  tho noon rodloat tempore* 

tare of X°F* Th# following oqaetloa la b&eed on th# theoretlosl eolation 

of eomfnrt relationchip*•

% ® surfsee temperature m *M tm ♦ *54 art e 15-*f

Tho approximate relation eon ho oonaidorod ••» ts ♦ art s 140 

wtior# ssrt 3  meem rod I  «nt temperetare jg f^  tj_ o F ^  t̂  « • •eto*

î ol ***# footer of earfsee I of temperetmro tj#

Tho shape ftu to r .re ls iie e  to  tho oarfeee aroo ho« »lreedy bees 

eeleoleted and plot tod la dlegreme by Usher h fSateklaso* (%?}* Tho 

evaluation o f  tho shspe foo ter w ith tho hasnm -0 #  «o tho  aabjeot • with, 

roforonoo to selling* flo o r#  « #*td walls* woo treated eeetirotely *

Sleeker Comfort M m t S#notlimt Professor 0* C* Boofcay * of tho Cor* 

noil 8al»tr«tty Engineering rjrperlmetstel Station* found that if wo out* 

tho results of hoot lot a % e©*ieeeti«m t

wo Gwn e t ta lm  tho  h o u rly  roto  o f  b e n t tre a e fe r ( ! • # # )  tmm th #  haneit body

1*75 * *5 « t * f *

E ©net lent Themes Bedford found t h a t  l° f  * eheage l a  th o  d ry

to these of tho equation o f  radiation hoot transfers

%  a  %  * *  C %  *  )



by coralined. convection and red!at ion j

 ̂r q* ♦ «lr = h0 Ao /"*"< V*. 5 * eb 'b ( V1* 5 •
end t a w ith  th o  r e la t io n  o f a i r  v e lo c ity  g iv e  up a new item  to  con-& 1%

sldors

t  -  th e  o p e ra tiv e  tern e re tu re #  o *» '

The o p e ra tiv e  tem perature  is  based on th re e  m nin  f a c t o r s < the  a i r

tem pera tu re  ♦  * the mean ra d ia n t  tem p era tu re  t „ y and the  v e lo c ity  o f  a i ra it

a t  th e  tim e o f measurement V . The s t i l l  a i r  v e lo c i ty  is  ? -  15 t t / a in a t © *

Aesu:ae f i r s t l y  th a t  t  , th e  o p e ra tiv e  tem perature  *  t  ;  and th e  a i r

v e lo c ity  '/ •  V -  15 f t /m in u te  « then th e  t o t a l  r a te  o f h e a t lo s s  due to

the combined convection  and r a d ia t io n  from th© human tody is  th e  same 

8E in  our F ic t i t io u s  environm ent#

In other assumptions * in  either environment * the hourly lo s s  of 

h e a t hy combined, convection and r e d ie t  ion i s t -

t ) f then

•  th e  o p e ra tiv e  tem p era tu re

In ta k in g  a particular esse* the operative tem p era tu re  o f  a 

standard  environm ent (black e n c lo s in g  s u rfa c e ) where th e  tem pera tu re  o f  

tho air it equal to th e  mean ra d ia n t  tem p era tu re  * and in  which th e  a i r  

velocity ecuaIt the standard  v e lo c i ty  o f  15 f t / a in o t e  * and where th e  

to td loss of h e a t from ® > iven  human tody is  a t th© same r a te  as in  

the ecturl environment * when th e  average temperature o f th e  rk in  and
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th® mtmthtm I# th# mm*  In both f th«n th® ©p#r«tiv# m m  tm

g#fi*#£ mm th® mir tmpmrmtnr# % or th# ##cn radiant t«n$#r*tMr# tj| (tf)* 

a*s#h #xp*rlifteat«l r#e##roh h*« hmn d&m  fcy th# ?l«rw hmhmf-w*

tmw$ In mmlwrnnmmmtm mhmtm l§ 5  l g * 70#F*

mi# ^  s *5  #t/*i#*t# f

th© romAt *r*« that ^  % lk& Mm/hr

and $. t4o tt»/lir*

If  w® trim! t© «©lv# -th# mqmmtUm mf #£>#rati## tmmpmrmtmr*» 00 

tfc* tfeiiSf of rrnmd t* in tho## partiaolar #a#dltl#a* to <§*t#y*

ttin* th# ratio fc*tw#«a tho aoiaftlvity tmtmm mf th# b©% (tiaaa th# 

or#a of th# ) and th# #©»##®tf©« ###ffl#I#nt (tia«# th# ar#a)» than

«!«fiLawJfilt # * th#f>

<.w? • . ia  f?) * 4 a  ^ r tm ♦ .533 %

It I# found that #t th# t##f#r#t#r# ia«r#»##n * th# ©#©r»

mg® tmmpmrmtmrm #f th* ale in and #1*thing Inaraairae until th# ##&* #f 

#o#p«r*ti*# r#£ul©ti«n I# r###h#d« Thor# I# a linear relation %»%»##& 

t @ and irfeioh load# t#  th# ##*#ti© a « fe n ** # 0 f# r.la # a t# ll|fi®

♦ « + h * «h#r# #$n«teah# a # %StJ ### h * *53

3«b#t Stating thi« result I# th# #$#*#*!## t##f#ratara #<f**ti#iit w# find

t h a t !  2 1 *$  ♦  «S33 %  # J t ( . m  t .  *  5 # 5 )
%  ^  ■ —  - - - - -  - *  •  -  ;  -  ,-
^  .338 ♦ •om f*
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Figure 14
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w ith in  *  e *fllJ t4 r la *X  4o*t'Xo»wikllod r a d ia t io n  aft 1*14  a n te  i f  h N R a i H i  

while o th e r *  wor# htt&g f r o *  In  th o  * i r  * and wall n n
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the ohanfcor proper w f t  dr*pri. Th# eeeoroey o f the tmw m i n t  mmt o r  in  

about X# F* w ith  o e re fn l m *n lp tile tlo i» *

J . * M »  to n p e m tn ro o  wore ®rnmm*m&

e t  s in #  lo o r t io n #  on the  body %  neoae o f  lro ia*oo iM it«nt*tt thoraoooa.ploe 
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lie rdy  end Qnfeolo ( | i  &  £ § )  g *v *  t h *  f r o o t lo n  o f  o t ir fo e *  o re#  to  

every  * n * t o a lo * l  r o l lo n * *

Keort #0? Eostd 43® £** ♦!% th igh  # lf
Calf .13 Foot .0? Trank .35

rot* dot* vmm obtained in four eeyet th* ebeereer taking 

wrlsst |>aloo rot**t tho oafejeot ta k in g  h i *  on* wrlot p a l* #  • mmmmrmmmt 

of ® tm t t® m m r€ l® f f r® p h  rooerde* «nd reading of th# heart rote froa tho 
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h h yete id  & e d ie ia e  la  J o a m e l o f  /m erlee&  M edleel /.ee e#* 1fcl*l3%%li55~&947}*

Blood pressure wee taken in th# pro* end peethoxy©ear© period* 

bp u*ifi£; c standard Taylor '-steroid fpl̂ gpMMSieiemeter end etetheeeepe#

Tbs o p e ra to r  eoa t r o l le d  th e  p rossure  in  th e  e u f f  from  h i *  p o e lt le a  © a t*  

r id e  t 'u# ^ ; r r  end l is te n e d  to  th #  e a p l i f ie d  sound* %  menae o f  * « « *

phone**

'? e s p tr© to ry  ro to rs #  v o lu m e * end o xyg en  o o n e o a p t io a e  w o re  re c o rd e d  
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resp iration e i r e u i t *  # aod#»Xim* e b o o rb e r  is  th ®  © s p ire d  a ir w a y  rem oved  
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obt* Ified i *

1* 1 ration ret©! total oyole* la unit time (minute)
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,3- fe an eoneam ptleat e lep e  o f  volume ehea^e w ith  tim e  do* 
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?#»t woe ri»I ®ed« thon©*###.,?!© loud© ©to* wuh» dloooii* 

aoeted* th* eob̂ oot rolled Into th# ©heMifcer wbloh 

hod hmm  gn̂ roooiidittoftod to th# d*«i.r#i

t m m l*  Tho t |a »  ©look w«*s otort#d «o tho da#r ©looed 

on t h *  hood# wore roooaaootod «sd th# c;op»»

tor© ©iorted tc toko reeding#• Tim first t<̂ #r*;.i#r© 

roc^linf, to #  tft^oo e t  th #  «n4 o f  on® mlnmtQ  w.>>®y.r©

©ad ail toIoo# ©btrinod w ith  la this* minute w#r# reworded
#?¥»#* it© e.xp#«t&r# tin# 1* Skis toaporotur©# wore ro«* 

•ordod ###ry 2 l̂nut##*î rin  ̂ tho inter*©!© lt#%w&#*t tho 

roodiitg#* th* ««î #ot too dirooted to fcrootho through 

th© m l m  oot »»d j>©rt*dl#oliy qpoetlonod regarding hit 

,1«otIr# fool 11 s ©ad piieti«»t*

; t th* ©ad of tho osspofptar# tia#« to tho

aufcjoet were- hroteea * th# deer too opened ond fe© ms 

railed out ©at© th# ©orrtog#* Th# el«tf**d tloo* as 

oh©## th# oleefct was r©#©rd#d at the inotsnt of 

rooovola Tho ouhjoot wo# 'wolghoi# ©ndrooood§ toweled 

drp* e»d w*l tod P« #©* then elios®#! to root

in * tmmh roh© while furthor aoos«r#a#?»te ©f the >̂ loo 

rot# wor# #odo mat 11 h%& aonaei ooadltion roturnecU
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Figure 16 EFFECT 0F EXTREME TEMPERATURE UPON RESPIRATION . HEART RATS «
AND SV/EAT RATS*
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cniFTsa m * t  pump

l m r& y  in notar* i «  n e t © ^ s ity  hsra«s*od o r  e#aeorv#d » n o r is  

if  often ©sushi# for feuasa parpooes in if® aotarel otste* If  must g© 

through ohsagoo in kind sad ©notify* H  trensalttod through spm©© s* 

klaotlo ©n®r̂  or store# in position as n petsritiat supply «#r*H*hlo 

et tbs tin© ©f aoot neoi* fh® «glnt@p, therefore# ®m&® to prorld# 

m mme hy srhioh tlw» ©©fwsroUNi ©f host energy ©sm fe# asdo iy atoohsnlw 

S a l doyi©##»

thor# sr« two mein points to eonaldor in o&ntrail lag fcody fco#t« 

Îrot® tho kuna tempers tar# rogolsttag system (termed "netmrsl sate* 

regalst©ra in bleteelMiolegy) emst ©©©riinsit# with th# eontrol in  order 

to qp silty eery lag voa* end s i r  eomdltions* •e5ooondt In order to assist 

th# tody ô ohnni» in melatelmliig *m energy bultn®#* hosting % stems« 

then oontllst lug systemst sad flastly sir ©oadltloalag system* sere 

deeelopod•

la perfestlng e©mfort»giwlag installations* fh# engineer strive# 

for th# ©1st #s deserlhed hy th #  i t l f l  eode.of a in ia a a i reqmirement# for 

« eo m fo rt gon# # # * •

*/.|r oettdltlealag I# th# fro#### by ebieb sfamltstteiotisly tho 
temperater©* melstare ©on tent # nevsrnent sad qmallty of tho 
s i r  la oaotoooA sfs##« intended for human oeeupaaoy asy be 
niatiha l within repaired l i m i t T r a n e * # t i e s #  •

la order t# ©apt*la th# operation of th# host poop * * hydrsul I© 

analogy o f  i t  should h# ©cnet#©red* Imagine *  eosmatty f i f t y  foot 

shoos so© le v e l  Oar* th e re  e x is ts  an mmllmlted srstsr sapply* l a  o rd e r
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4®*

P«»r ©oasaood fey tfea host pgKpa* (£*sn though th© load t*£>©tod fey tho 

mll~©i©otria ti®u«»s asata this ooitditiott d u r in g  a© at of th© boating, «©©- 

soa# «AlltiMii4 !««4 is awtitftî  far th# eolltil wosfes #f tfe» yoar}*

Tho saggostloa of Profoaaor Charles /♦ 3hros*#t Jr • # of tho Moobttv*

isal ĥginoorlag Department of tho bniiroFsity of Maryland* that * t * m  

power gsaarating stations ôuld bo good host aonvoos and mink® for hund* 

ling tho boating and seeling wmmtwmmntm of nasrfey bousing #oô opi«mt« 

wmo is part of th o  au th o r* s stu%*

. Looking to. satistlag ssoaplsa , w© find that fey .using tho rosorwoir 

wfctur from Matin $aa in Touas* ys©r around alr»soadltioalag to furnish©® 

to t h #  looor CoiorodO aioor Jntharity* s throo-atory offls# feutiding* So 

la ata«& oiootrio gofsorotlng plants« tho Ho«t pap an it tcfcaa hoot out 

of tho  water and supplies it to tho apaoo to feo feasted#

Th« coefficient of performance wil l bo equal to tfeo (alootrlo 

energy supplied pins tho ©aorgy drawn fros* tho hoot sours*} osar (tho 

elaetrleal energy eappiled)# Th# ootrfleiail ©f perforaeaee of tho hoot 

pap wiii feo inerecse® fey deereusing tho tenperature difference between 

tho eendsniser *®d ooaporator* Tho taeperetare ©f tfeo hoot - source should 

feo fairly uniform ©eer tho year* no ©ay variation la tho- teMyereture 

will nhmgm ih« C* f • F-* aateriwlly* P©r that reason# ©ad feeeeas© of 

largo ûantitiaa ©f water available at high teoyeratures at praotloally 

m  eost # a favorable sad suitable aourao of hoot puny systeflt 4pu feo 

naintalned* \

l a  using; % a ts e a  g e n e r a t in g  station a s  a  s o a ro o  am® s i wk t k r  th o
“a

host pitap# extend*® dseeatral isation of tho stations and a  eausideripfele 

do©rosso in the lasts!led •ape.sity of these stations as oeaipared *itjh\.



praaat&t largo ti»tion< will bm mmmmmy* It % new market far ale©trie 

#n#rgy e»n be tst«l4ish«d % this process# dic«nlf«liiftUoa wen Id appear 

J u s t i f ie d *  as i t  bar boon proved to  be f a r  veriest® ha®lues* s e t Iv i l l a s *

In  addition » any enterprise » whose objective seineides with inereesed 

standards* is bound to prospan in the long nm* It it hoped that aeeb 

m future awaits th# type of do wel ©patent proposed*

d* Sol a rt In  m. of tha mvntiisbil Ity  o f a®tar energy

wa ahell fee ©eaaereed with four fa s te r**  the f t  ra t o f tfceed is  the ©le«* 

meet of varia tion  in thm insideat total radiation received d a lly  # weekly # 

aa«.aQ'B«lly * and yearly* Tha second oonooms recommended design value® 

fo r  la&ident aclar energy at representative lo c a lit ie s *  with their gee- 

graphical end eeaeeael varia tions* T h ird ly * we an#t note th® degree to 

ah loti Incident rad iation 1® below th# r*co«i*ended deaigh value® * a 

footer involving tfeo m t e i  nwmhmr of eoneeeetlve day® of operation * 

and th# ancmnt o f thermal d e f ic it*  l a s t ly « w® an at eon® liar oertisin geo­

graphically earreot ereee having s u ffic ie n t solar @n«r$y for heat peep 

oforation* Under this topi©* we seat a to ay aolar m * r ^  both ms a p r i-  

aery end an * e * l l l* y y  haat aoaraa*

.■-a previously stated* solar energy * aulas* need with an adequate 
storage system* is on auxiliary * and not a primary * heat soy roe * a* it 
does m l  fora * host sink* The use of solar aaliaatara weald require 

cany arehitaataral revisions* tha utilisation ©f a storage system* 
operating upCn « hast* or fusion cycle* supplied by sapyleceatefy hast 
from ©ir or solar soy roe® night be feasible# Host storage devise* ere 

limited Vy the eoat end apace requirements * hut ©cabin eticma of heat 

•cure®* result in lay ro vacant of t h e  eeef fie lent of perfercanee over 
m  entire hasting season* Hi# drawback would ha a greater initial east 
of th e  systan*
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tor lohormtory t«st solstar# iotarftlufctioa

In  p i# # # *  S l m m l f t m t i m  syston# o r#  ooaooriio4 #  oompferieen o f  

th# »y®t«ft# wr*d # syotoo pr<aforr®4 f o r  tooWgonp m t k *

In studyi*& groa»4ofctor ®pj>o*r*asft * oo na«t note MUnl foot#**, 

mb «ii th# h#%bt of lb# ootor t «hl a (aottn£; hor* tbo $om#1 «%®%m md 
ooffsooftl tta\tap*&«»x»to} or vortlool elrouletien uitok*

t$X vftt#ri th# ft«turiktl#o poroootftg# of th# north*

1® orOor t# iM y th® oatur#! iwiSo«t tooporotiiro &ro41#tit Is 

th# Oftjrth at #01.ooto4 googrophiftel ioofttioas * oo oball a®#4 viator** 

laonife 4#%# ( Ineladlag oorth 4*t® from th# Cooograado ft? *too eng tho 

®ffe«t nf wotor oeoto&t m  th# 4* jrittMmpor star o relation) #&& slailor 

flMSft«Nftft»ft%b 4fttft*

r««itor® wlilftb ®ni«r into & otuty #f afeturml oyalto tooporfttoro 

Oorlfttioa# of th® oortfe nr® 4optbo| doily oyolos$ porlodio bo*

tooon Mistsili* #>U or hot spoils) i c n m il (m lf t llf f  of foot) i 

ymwlf ( laflooaoo of ffeo r«f@f*6i) *

Th# points to b# sons Id#red on of foot log th# ftortii tftaporotoro 

o«4 oyal i« oorlotloft *ro mob loot «ir tooporfttoro Cohi#h will dotofsaioo 

eoadootloa m4  ooovoetloa) § solar bo«t fttMorptio&i radiation ( iael tiding 

mmb ctoiim os oloftr oi«o4y dfcloo m &  4#y #**4 aî ht t|joft«}| prooi* 

*iK*tioa * m®li os rot a« d«y omd snooi ovoporottooi oiadj m d  oo&dootlosi 

froa on4 to th# substrata*

Th® offoot of tbo toy owrfooo oust bo oaooftdorod both on solor 

alii oofeor b#*% absorption oxi4 m  radiation and othor ho*%. dissipation* 

Conoamod mith th# ro&fttloo offoot of th® boot Input «nd withdrawal on 

tho ©mrth tooporotoro and r̂adiant# ofo boot Input toftto for hoot with*
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during, th* period from July fth to 13th« 13%f t th# author m#4o 

soil «ad tonporoistre to#io m  th# oo*p«# of th# tin 1 worn ity ©f :C*ltf©rai* 

I# lot tagolot*' thro# hhlo* in *11 wore drilled* one to * depth of Tit
V •

f#«t * #% whioii point w*tor m m $ogo forced romsml to onotiior olto§ one 

1© « doptfc of hot 3© foot fcoforo large mk« feroke th# drilling hit end 

fhrood reaorel ogelmi <md the fin#a on# t# * depth of S3 foot# Soeh 

of th### hole* wet ton Inchee 1* diameter#

The writer lowered * glaoo thennoaoter f t© th# «al of *

#t*#l t#po » ot laterwole of %m  feet during th# drilling* t* determine 

th# temforotoro ©r th# #©11 *t th# vtrioae a&der&roamd level#. The 

##*4tags given I# th* f ©1 lowing tehl## *r« th# renal t of tevoral re- 

checked end compered toet* taken *% thi# tin#*

Sell there*terlottoo t#st# ««r# else taken at t** f#*t inter#*!#* 

from th### findings * wo ooiiolmd* th#t there u m  be greet *«rl#aee I#e
th* oharaoterieiioo of th# ##11 *1 ## fro^ent lmt«ro#l * *# every tool## 

inch## daring th# drilling* Daria*, th# teat® * • drop of 1©°F» w«« 

meted within * wort 1**1 dletenoe of too foot whore th* eeil ehemgod 

from ooggr oteto* to tho water lorol*

Tho voter lew#! on tho $• 0* I# l« oeopoo worioo fro* ?0 to 

loo foot dump depending on tho elte# Th* nolotare content differ#
i

from month to month *« tho ##11 roach** tho o«tnr*tion point in winter 

end eppreohoo tho drr ototo in mmmmt* when th* freezing point 1# 

rooohod • tho ttmw of hoot from tho ool1 to tho fif** will -ho offootod 

%  th e  inorooood reelatone* to  tho heat flow #
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Figure 19 SUB-SOIL TSMi%R/JTOSS AT THESE POINTS ON U»C»L
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£oe soXufcions is  y— • 1Oase o f toe soXufcions is

~ r

then: 7 -  3. £  e ~  ^ 2 * ^ -  £  Y &  -  )

Th© sspo t. '■■ i.yue fo r  the oth or IItss $otut.i©y>s2
r *  -  f  € ? & / x ^ .  ( S 0  -'-j/iL )
~r - £  e y*™- /t-cm (•/£ ■>■ y ) 3

T  = H  e * & \ ~ , ( S £ -  / / £ )  ^
■-heinr the IrXti*-! tbet then 7 ~Q» sin Y& *

where %?r seat snntisi taauer&ture^and Tr  is  th e  aiaplitmd® o f  

hesnoerciure r& r i& t io n , then Y a t  any depth y  Is  giver* by:

7 -=  £  ^  r  - j { T )

which elves the tmperfetssrc at dontt y when the time is

Xtds e op tion  is  o f  &n m d u la t ic y  m>b5on. o f  am olittide *
_  -j/y~= T e 7a-

/

2.

The mo:iivm  o f t ^ i^ r a tu r ©  w i l l  be tw ice the aiapliitide
=, z.7: e~7>̂ *

Y= t *
Therefore, v;‘** u'u~̂  y^ri  at ion cX torpors.t«r© at fixed, y  i ts

__ z T  c - ^

^onco* the  moamim  tuapey-.-.t ura  at f la e d  ;/ occurs «h«n ^  s a t is f ie s

^  ~ / / S ~ J  -  *  ■- *-- '± y - J +f7^
Fop fix e d  $  times the madmim tesoeratur# wfem 0

- h i *

* _  a* -//̂r̂ --

±  - j l - Y // -h ̂ 2<3-/&2'
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wo* 6 t tw m *  m a t  n m  fiat t m  tmmm

UK'ffl(r*«*) 0 1 S 2 W ®  JOOWRtBissos ®r. C«LCBUT*9 um d, mss *r. naSLAfl (r,*j;)
»=t/K.

r..es e *^ ,.? is fi_

«Wf«M 50*8 50*8 % 0•w W #2** 2*5 10.61.96 33*7 35.0 9 21.6
3„»2 as*S aWk 30 4 a O9*8 9*38 8*3 »3*S 196

16*3 3*35 a*30 117*5 176.3
23 ,? *Y3j2 .732 267.0 2#7*0

Thmm m  ooo'tfcot «t m dopth ©# a®#? foot* tho tooporotaro mmgm I# 

*0*3? # «t»iy *723*f* • ©©old ho aogtlgilAo of%m  t j  f©tt do®p#

& * * • * *  rooord# f r o *  S o o tt lo *  Woj&i fa c to *  *  f o r t l« & d *  Crogoo#

fe?i4 &>!«©« X4«iho * r »  e lo o tily  ro to to d *  H i#  ooorojgo o l r  t# o p tr ir t**r# #  &#d 

w e ll tfcopwofcar© * t  d # p H «  o f  h f o o t *  f i  f o o t *  10- f o o t *  fo o t#  « a l  S® 

f o o t  oovo rooordod o t lo to r o h l*  © f IS  m%m®%m m i  ororogod f o r  ®#®h do? 

©oor « par Sod o f %m y o « ro * fit#  g r o i l  th© r&lm%io» o f th®#© roooria

w ith th© in ta  o f warfooo s o i l  to o p o fo tttro o  ©ad s ir  ta o ^ o rfttu r© * f t  th o  

t fe r o o .o lto *  ©hodoit* th « r©  la  « ooo;>toto o t a l l  © f i t?  iw  th o  t« & ? *r * tn ro  o f  

th© t o l l  a t  o © rt*S h  d*pth<i» Tho tooporo to r©  ©t t M  a o H  oorfuoo f o l lo o t d  

d io o o ly  th o  ofef tM p o ro to r©  ^ 1#  ooawthao* 4% o n * oooor*!, 4o£*ooo

H i | l » r  t©  hoot ohoorhod %  r#& lo t io n  o r  o th o r  a » « M *

fh# ild tu i or a«acSi«Kft -mmWmfr rooord© nod# n t©n$o ro to r©

■we©#* © hioh oop oonctyoto^ ro th o r  s low ly  lo t©  th o  groan4 #  oppoa>HUig lo t© ?  

a t  # g ro u t# *  dop tli w ith  H t t t ©  oh«iigo* A t « dopth o f  %$*$© fo o t  M U rar th o  

ao rfo o o  © f th #  ground # th #  toll m m im M  m r j  n « « r ly  o t  •  «©s,ot«ot to o #  

p o ro to ro #

/ t  o oootiao o f  tho ASKf® i t  ftort&ood* orosgoo dortog Juljr I f 51 • 
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the University of Washington# presented © very interesting method for 

plotting tho temperature recorded at Seattle * Washington » where tho 

log in tho oh sage of temperature at the various depths Is clearly shown 

for Isothermal temperature lines. There appears to ho* in offoot, a 

lag ©f at least a year* evea at the 5$ ft* level * as iadle&bed by the 

rise of • temperature line nearly a year after an unusually oold 

winter*

With continually rooordod teaqperaturoa at varies depths M ar

the soil surface* tho irons lent state of the flow of heat San he deter*

mined by knowing the thermal conductivity and diffusivity of the soil*

Using the fourlor differential equation*

a st thermal dlffuaivity * ~ —
( t t J / H r )  * * t x

where* t « oou&uetivity
P * time for one cycle of sinusoidal temperature change 
t e time r e q u ir e d  for a given temperature 
x 3 distance either upward or downward 
€p* epee if  ie heat 
/9z ds êity

The graph of soil thermal diffusivlty relative to depth sen show el early 

the relation* assuming that soil characteristics do not change*

In many loeelltles , the rainfall carries a consider able amount of 

heat Into the soil* and the ground moisture * due to the rain* will iaereaee 

th© eoil* s capacity to maintain this heat energy in storage* the amoutfc 

of heat ©died by rainfall e&a readily be oomputed by using as data the 

weight of rainwater falling on each square foot end the different** be­

tween the average air temperatures and the temperature of the soil 

( assuming that rainwater temperature Is approximately the same as the 

air temperature)*
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Figure 21
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79*

wet«r without restoration <($wNkp hook) tend* i© deplete the empply* 

?p®U«i* of eerreelem m 4  mpkmp ef th# j*i*»pte|+ #<pip»emt m*k.m the us# 

■or i  Ire# tip |m|«4 well meter l** ‘:;e m m m ' ^  km%  for residential peafe 

'Smpfeeiii#»X Is tit# |*h£‘riih*

in eeing e»df*r£r*iittd water wfciefe Is m t  pimped «#* * beet mere*# 

th# h**t e*bli eager ##a fee #siplê iwl# if the midergrewsd water in ewell* 

tMt #md eire elating* Beat emebatige field  mê ecmatet of fî Sf or a 

epeoial eolation • is order be a*© id th© danger of freezing# a pr*~ 

installetion knowledge of amp stationery underground * m i® r  is desirable# 

d meter arnolfoi# should fee eareffellp made for possible ehemieel 

treatment required to protest the motel e of the pomp ay* too* idvlee 

of purmapers end proprietary e&apound© here b#**t found to he misleading 

end prejpftleed* *e to well .eater# lie  mao will remit in the eerreslen 

of metals* -Steel pipe eon be weed* exeept in the panel piping (ablet* 

util I tee eopper tubing)* th# spot#* sfceald be rsgttl&rly treated with 

modest amount# of ami table eiiemleels* -o il water develepMmt should 

prosed* 0**i|p# am #*# In i« ^  leealltiea# Information b*#«d m  the  

. perf&rmaaee of wells in the r is laity map mot eeapletelp epplp*

#sn<! trepe (erneh *s settling temke} in the well water# or# Jasti- 

fie lf even for well a epperentlp entirely free of send# The shafts of 

pump# whleh handle well meter efaemld b# mede of hardened metal a# saefe me­

ats Inieea steal« or of the eoiy tdeeum group of el lop eteeie*

is  the me* o f wee to eeter # a knowledge o f in d u s tria l pi ante« power 

p lea ts * d is trib u tio n  eoomemiee emd' sewage# the see o f seaitary 'mi' storm 

sewers * the design of shallow dry well# t slash disposal p o s s ib ilit ie s #  

the offsets of disposal well# on m m l $  wells* end the restrictive
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sooson * loop wotor» fey possiag through the it®&m eoadoaoora of th# tar* 

feogoaorotor# * would oorro mm m moolimg motor oendonoor «»d also «i hoot 

•Mimi for tho hoot puap*
£ | t h  tho hoot p « i>  « t  tho o«oltr of tho loop -* th o  tonpomtoro o f  

tho  lo o p  wot o r to woolly ©antrollod fey rogyil sting th o  rot# of flow snd 

fey nixing tho loop wotor with ooii wotor fro* o wool lug pond* Earing tho 

t e a i» r  months * th o  loop w a te r  boeoano o hoo t o in k  f o r  th o  ho o t pimps sad 

is ponped direotly to o spray pood (sealing ,tw w )« thk« fef*»p«*siiig tho 

otooa eon<£snsors«

tho h«*t,4a ©ondwaeiag «N41ftg w«tor * wort nearly spprossbo# tho 

i n i t i a l  hoot oooroo f o r  th #  poop* *.leo« i t  Is  Just m  •frws* a# th o  

nstitral hoo t sottrsos* fh #  lo o p  w a te r  is  n o t offoetoO fey ellwstis eetidi* 

tions or loom l logoi restrictions! t  os<S s in e #  I t s  temjsereinre e»n few own* 

trollod* # high oooffisioat of ffsrforneass sea feo ofetolnoO fey its us# *

« f  so tor which would ainioiso feoth th# oiso of tho unit and it# power

sonswaption•

fleet troaofor fesiwssa wotor end th# rofrlgoront is sspsslalljr 

saltofel# to sooll Midi efficient hoot snehsa&srs* Seeling m d  oorrootsn

©f h e a t ironofor sorfeeee ore k e p t t© o mimtwm* tho pressure drop of 

tl-H? refrigerant is- swell in relation to that in ground ©oils. In «Mh> 

tier** mueh 1mm  refrigerant is required# Beweeor* tho eppi lost ion oust 

1# oenfiaed to on ore# lamed lately surrounding tho pi sat*

"nestlon* arising in eenaoetleii with a power pleat sited to ooot 

tho dwrnends of o how s'iag pretest inolwde tho followingi*

a* During the eoldoot week# of tho poor* addition*! host would 

feo required* -eye la whinh tho defieitaey teuld fee art inslude swxillory



te m p tin g with low p rm m u m  stossm fm m  tto -tortliio* tsfgttof*«p w i t h  

slsotrle strip to star® • or t»kin& an addltioasi load m i l  ss fm m  m 

oosftf oteoppia@«*o«ator* Tto last w u U  »®o« prsforatlo*

%• Tto coot of gossrsttog fowsr to too so&ll pi out lo to to 

oottstdorod* Aithow§t* th® r*m lttm g  soring# might to  is rg o * I t  to  m% pot 

po*#lbi# that a atoll plsSi 0401 gssorst# sod dlstritoto power •« oho* ply 

00 s largo oootfai s ta tio n *

If wo ooimt&oroi* 00 «* oxootlo# too otomolootrio fmrnttog 
plants to toltitors* &sryl»nd* tto sgfrogsto rats* ©#$**# 1 if of glt^SQO 

kilowatts oro 00 foilowe1

ootport 125*000 Kilowatt® st 25 spslss
• 1̂ 5*000 • 60 •

Hirer® to* i m & m  * m  *
©mis stfoot firsts * 60 *
Pratt stroot ao^oo© • *5 11

total k$tjm  tllmstts

to o  60 m i  13$ s p s l* *  o r#  l i e d  to g e th e r  fcp 30*000 I V *  fro ^ a s s s y  s to n g srs  

losstto a t  tto ^ootport p la n t *

i f  to o  gonorotoro roiptro sight p& m im  of stooo for srsry kilowatt 

towr (srsrag* for asst §*****%**•)* ttoa#

463*00© lew o I  It*  (for srsry k*/to}* 3*6f6 ̂ 300

tofwkollf * th® •teas is dlsstorgod at os staosptorl* torporstoro

of 7fMF* sod of apffo*tooto.o» tool flip fj© jy î .
Iir

21 sty ttoaasad BtoAr aro required tor hosting m w#li«*to»alat#4 #1* m m  
rosliosfioo of arwrsgs sit*# whs* too outside toartarstiftr* Is mltPf, If  

tills t o  t r u s *  toon tho plant# la loltlnoro eottli m p p lf  tost t o  50 * 0 0 ©  

toss* sol otoor tto sows prlnelpl#« too thro® tort In os of 200g>00 to 

essh to Washington# 0* C* sesld sspply 76*000 to#*#*



600^*00 *800̂ 300' § ©teen
km teur

4*000̂ 000 * tso « 4̂ 0O«0O0||OOO SIM
liOUf*

« ?*/»o h«*®
60,000

Coy I ti this energy im m t few ©tered ©r trfsteferred t© ether foras ©f ©nergy , 

w® waald hew© e& ©ndies© aapply 4© drew np©a#

4* Sftler* 1© tli© *©tt©r o f  soier redieilom ©fesorton© w© shell 

©geia »©t© fomr fe©t©r©« In©!©4tag firstly f th© definition ©nd ©h©r«©» 

terlstle© of an ld©d ©bserlmrf «ieeoa41y« t!i® d©©©f,iptlon mad perfer* 

mono© ©h©jr*«t«ri©ti©© ©f •©©•©•©fully u#®«! sol nr ©b»erb©r©| thirdly* 

th© tr©©ta©«nt of *©4le.| ©nd I e©tl y, the pl«o«ai©nt of th© ©eier

ehserher* fader th© ©©©end lt«mt ©©©h •$itljM«at *» pint#®* taking , 

lrr©t,alsr surf«©e© » filled tr*noluo#nt fcieek© t sirrarityp© dewie©©

(pi *»&© # p«i*©h©llo ©ad eth©r) * ©tb«r solsrr ©beerier© end th® factor o f  

th© ©©rth * hotfc trusted ©ad antr*©!©#* met h© s tu d ie d *  Under th© 

third It©** tr«©tUi£ © f absorb Sag ©©41©* m  shell not© fcoth surf«©« 

treatment * end treatment ©f me©© o r  ©g&r©g©t©« With th© f e a r t h  point, 

pleeemeat o f  th© ©ol©r ©’beorbwr, w© © he ll study X©cation (© • relstiw© 

t© th© hull ding) , orientation «©4 th© miU ©f ©lewetlen*

-'hen w© com© to  th© h©»t pump f i f t h ly  dowle®,  ©© n o te  te n  p o in t© !  

firstly i ©pftlootIon * •© regard© ms© ©f th© dewle© 1» oomhlaetion ©1th 

th #  ©oler red i© t  le a  &b»o.rl©r» with « ©oil©©tiny dor le e  ©r medio© end 

w ith  et©r©&©| ©#eoii41y • th© k in d  end- deal^n o f  th© dewio©*

i n  © © e n s ic ie r « t  io n - o f  s o l  o r  © n e rg p  s t o r a g e ,  we ere © h t i^ e d  t o  

consider ©ash feeler© »e an Ideal ©terse*1 ©edl»# with its ©Hmmleel end 

phynieal prepertle©! ©atetlng *rter»&© ©©die end properties, suck ©.© 

liquid© (we ter end ether) | eh ©ml© el ©empouad© with phee© ©hang© * Inalad lag
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â«
ta 

t 
rmd
itt
tit
 
fe«

ttt
lag



poooifcUttio* mimg host pimps* humidity control problem® t home do©!!?!® 

to  fmltm o f hoot pvmp0 * tfe® p o M i h U l t l o *  o f #©a%lfiatiea anH s v

oft onoiyols of tho offmot of «ter*!;® on perform®*#® end ® thoraodymomt*

•a«3lyole of boot pimp ojrol©#*

In to # t i& o t lo a  o f  £ * • *  © I I  ®**4 moot e» p rim ary  energy mmmmm 
«heml4 ho miiiortefcoA m i  the ®o®t with ro lo tlo m  to beat pump Im o to ilo tle m  

eomporo* #

Other firoH-am# to t o  §sot ®r®«*

oŵ mtmott® defreotlmg
h*Aiit©®iiti# eejieeity no-ini otl««

(Th® reopen## m*t m m r m  from smmrnr to win tor o o ttd ltio m o *)  
©*/«t®»a«tl© owltohlng
6<»Ceaj>r®»e0r maloodiai; ©mi ooqpom*# u terilag  o f ommlliorto®
•iM t̂emeii# Ptw#iU of refrigerant floor  
fWM#®tiett®f* of 1#»#®# from omgUlory motor# 
g * ie i# ®  « n i v ib r a t io n  
h«fterviee*b llIty  Co wliet requirement)

c* jmiemoi m® test.
Contrary to pofalar opinion *  the aivont of the Hoot Pump depend®

t̂taofe mere open tho mmmmte footer* involved thorn ©i>on teohnologloal 

odvonooo yet to ho mode*

l«»imdtt®trtel i The limtaotrtoV oppllootton of tho hoot pmmp thoml d 

bo eotsnlderod ftrota On® important point to not# 1# tho foot that tho 

hoot pomp ho® not bmm  need In 1 nine try in this mmm  try to th# entent 

peootblo* In oemtroat to Sottoorlond ohoro there 1# o eoereity of e iit* 

aoty ffcol® ami on ohmsidonje of motor fewer* reaalhly « in wootam end 

morthweotern port* of th® 0®itod State# * tho hoot pump t i l l  ftni Iw rto* 

log moo# In Imdmotrtol prooeoooo*

Tho oea®eohr®tiem..ef- eolation®# ptob a# milk# fm lt Julooo* oto* §

I® on tmdmetrlol p o r t l i l l 'l t f  fo r tho hoot poop* This pro#®## ®«gi ho 

ĵ rformod' tf ,t|r#o g*ifth*d®i.T
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this itom tkowsoads of delXsra pmr month 9 the mmpmg  lastollod

* 5^ hmmt pomp to prowldo 1300 m %to foot par vliwto of dry wst* sir 

»t « p r m m m  of omresi inofcos wotor forood into tfc* e ilis fii spatoa# 

Sins* this hoot paop h m  %mm i n  operation * m  m m Salt* how h*«n ro~ 

pieced end *11 msnhol#« hove howm dry end *e*y- to work In* 4̂ 2)

f*or tho Crofpitl** Building f **mpl#t*d to i fW *  ta fortlsmd • 

Orogen f thor# moo dosigned * d*w$o* known 00 the nl«Mo«iit«F hoot 
poop# this 'toil ding wes •spoolally «ofi*troei*d for * modora a«w*psp*r 

with * daily ©Irenlalien of atfd)00# (whlsh roeshes 3?6#0& copies m  
hut *1** *smt*li** offloos for odlteriel sod hmslitoss group* 

ossoolstod with tli# prodootlott flout* to addition to these gromy##

It  tmmmm * mdlo station and studios oooowtod with tfeo pulll»hlag 

oporatlom# It weo aeeeseary • to ike dosigh of this hull ding* to as* 

oomploto sir conditioning* b®*mm  wotttUeiing oemris had heoa elimi** 

a*$*d in order to fooilttat* the omiatorroptod flow of motor lot in tho 

moehaiiioal process## of p«U l e s t  Ion*

d u a l? * ! *  of the host poop load of & # 0 0 * 0 0 0  ht o /h r  for s e a lin g  

m& k *8 0 0 0 ,0 0 0  Bta/hr for heating woo mod* for the iwilding# Thro* motor 
walls wore drilledv two to a depth o f  9 0 0  foot# with tho weil<*waior 

ta a p o rs rw r*  st $ * f* P • la s o ld  months # and th e  third was d r i l l *0. to |J0  

foot with tho w o ll« w a to r temperature *t to the hot aonth# *

During the hoot lag season , w*ll«w»tor from the H00 ft# depth 

m § p Hod the settling tanks* *ooll«wetor * t  J5*f* woo pampod to th* 

sneilaa- of hosting pomp to * nnm&mmm# fho motor trowel s tm m  th* 

•ondwnoor to th« hosting noils sod then to tfeo doep woll through *  

roliof waiwo*
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:*r th e  o u ts id e  tem pera tu re  r is e s  « o r  ®m th e  c o o lin g  lo a d

greater* m  immersion thermostat in the return tram the cooling «ett<
"  ŷ '

tools e?»p th *  condensing u n i t  o p t w t lo a  th rough th e  s te p  « » a t« o U « f  

raid s e le c to r *  C e r ta in  v«lvc® were re p o s it io n e d  end th e  s h i l le d  w a te r

c i r c u i t  k t i a «  a d o s e d  system#

£*»c fe a tu r e  o f  th e  b e e t pump c o n tro l was a p ro v is io n  f o r  © losing  

th e  v a lv e *  in  th e  h o t end © b il le d  l in o s  to  th e  in d iv id u a l machines 

whmm a mesblne. men not l a  o p e ra t lo a *  T h is  is  n ' fa c to r  ah lo h  p re v e n ts

th e  w is in g  o f  re tu rn  and d isch a rg e  w ate r and th e  re s u ltin g : extrem e tern* 

p e re tu re s  rm%mired  from  the machines in  o p e ra tio n  to  m a in ta in  th e  te a e  

p e ra ttire s  a t  w hich th e re  ware two th e rm o s ta tie  c o n tro ls #

Tbs changeover* war®- co m p le te ly  au tom atle  and no a u s l l la iv  h ea t  

was p ro v id e d . H e a tin g  was la r g e ly  by»produ© t* as a supply o f  by~prodi*«t 

h e a t woe a v a ila b le  fro ®  th e  c o o lin g *  made p o s s ib le  by th e  h e a t pim p.

^ ^ S s M ilS M s l1 ^ s p p lic e t io a  study o f  th e  h e a t p*mp

should he ia  r e la t io n  to  i t s  a b i l i t y  to  p ro v id e  s a t is fa c to r y  r e s u lts  

f o r  the p r iv a te  home a t  le s s  c o s t th an  presented  ay h e a tin g  and o e o ila g  

methods# lle r«  appl l e s t  ion  problems In v o lv e  a study o f  com fort r e q u ir e *  

meats in  to m s  o f  -heat pump o p e r a t io n * an a n a ly s is  o f  s i r  d is t r ib u t io n  

systems * th e  d e te rm in a tio n  o f  n o is e  and v ib r a t io n  re q u ire m e n ts « th e  

c o l le c t io n  o f  perform ance d a ta  * th e  study o f  s e rv ic e  problem® . and th e  

p o s s ib i l i t ie s  o f  a p p ly in g  h e a t pumps to  e x is t in g  homes#

W e s t i The h e a t p m p  I s *  o f  c o u rs e * s im ply a r e f r ig e r a t io n  

u n i t  w ith  an e le c t r ic  m eter * compressor # condenser and e v a p o ra to r © per*  

a t  ad to  make use o f  h ea t#  I t  may be used to  coo l spa©© needing ©ondi* 

turning in  th e  summer » as i t  heats  in  w in te r  by changing th e  function!?



n *

sf th® mwimmmr and tha arsparster* ihs feast load asstMsd for tha ©©©ling 

load la fog of that asswtisS for tii® fesaling laarf* Th# w ^ m m  #f ifea i&i*> 

ttsl install at tarn of tfe# feast pasy It  s t ill h ig h  for praatisal arer»all 

ass for taduatrlal and private pttrpossa* Thaaa esaditlsAs w ill lajNrova 

®s feaildlag. routs dssraas# generally *

«#«tfe#r feisresta rassrd* eftfer * rather stssple m m i ©? ealeitletiBg 

the pereeatace ©f the tst&l smtHir I  la® 1% which the feast

pssp ©ill eperate« fey supply lag feast aa tfea feasts af the svaraga ©eldest 

day tfest may fe# axpaotsd * sal sals tad free reeerds af several years 

previous*

51 aaa the feasting ayataa aaat m® slaaat eantiaMaiisly ©a this day*

tbs 4®gr:m  i®y«$ for this average ©Oldest day imltifile# fey the seafeer

of 4©y* in IM i sent!* will give the eqpivelsikt aantfely degree days# %

dividing the weather fearas«f« everaga degree days far tfe© aentb fey tfea

#«plvaleet esetfely de&ree days and. eeltiplylag % 100* the pate««t*£e

of lie# tfea beet peep should eperate la that Meath may few essertalasd# ' 

Table la*, 7
ivsraoe is m i m m m  mt$  in to  oisntso stm t «ca a rmiea ©r 00 ttm%

m m ta 3008 Cleveland d in  Haw Tafk 53©*
Basts® Sf%3 feaawar 5003 Haw Orleans 1200
Chisago 628? JDetvelt 7fB3 ffelladaiffelii %?%3
?ertlaad feJTf is® franelses 3163 St* Laala M&©

District af Oalssfela 4©05

Itf& iJ I stshi G oiiw m ci re* .msctrs toes or jm o is o r
{pmmd par degree*day par tfeaasand sable ft* af bested spaa©)

ipsrtmmt buildings . 1*7© tasks *0©
iasld^iass 1*32 JMe Sale* *  tarries *03
latals 141 fteilglses jeeaafelles #5©
Printing EstefeiiafesHinta 1*2$ Def*«rt»a*tt Stare* *37
Clefe* *  lodces . *3© 0ara§*e ( Stersg*) *0i
detail- stars a * .theaters *30  . Offiee Beildliiga *§75

Left-sad ©taring jNlldtaiS *0$
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Figure 2 k  COMPARATIVE COSTS CP HEAT CONPITICKIKQ

PER K^hrcosrE L £ C r R f  C f T r / /V

QO S ! 0/5"
i>/i ;

7S ‘{  cff tcsC/tcV !2000 ^r-g OZ lA K ~  f Af T O  A /C  o  ^  I . C

cc*rs pef gallon

/  o o O

7-5-



fS*

m  m  exenpi©* let m  m m m  an §ffiw Wilding Wring 1,300^0 mU« 

f e o t  o f  tee #4 @4 apacei % h m  th «  aeaaoaal © too* m n m m p tU m  I n  Woohingfcen* 

b* o, # on the feanla of tlx« l» it  1356 record of d t ir tM ijr » «n»U «fnnli

% /* *  * i saooiom * #tU
1. *000

or % *730*000 pounde.

■Hu lug the eeeTflatent ©f perfofweiiie (C •€»?#) for ©smpsrlng the 

eoet ©f the h#«t ptMp with other heat eotidl tinning Util«U«llo»i* sad 
aaamlng that oool* 1 lw hour energy delfrered in to 1 thee*

w tk il C*0*;':;* for 4tm t h#«l«rti tearing tbt MMOptlene ©ft 

3H3 Bte/hr y 1 Iv ter* g *?S cents ©cat (87* rut©}#
Saporlenoe that the oowra&o 0*0 *f* far non? lowtlie *»4

«oaair«lftl W a t &mp Inst © lis t  loan 1© approxieetely >3*30. The graph 

©Hislltrt tiain eaMUAptlon la ah«wiog*<*

Setnral gee of efficiency 8©? and 1*006 Blu/oaUi ft#
C11 of efficiency 30$ and 1̂ 6 ©000 Sta/gelioa 

Coal ©f efficiency 7JC aa* l£*000 Bto/l)«

Ctaarall̂  « the hast penp ©so te##©e© eoftpetttlee with other fas! a ©a the 

feed* of operating eotta at a power rata of i$* or l e a s ,  par kilowatt 

hour*

si?»e© there la apparently a© aorlooa engineering preteien; inoeieed* 

the ©eer***'!! ©oat la the principal factor affecting the feasibility of 

ite application# tioweeer * the ooati should decree*# ©onisiderately through 

nano prolootlorn and reeeerete#

To aoasarlaa* the boat poop offers a ©lean* ©dor»free hoot* ellai* 

Rating th o  aeeeaalty for a ohlnnay end the use o f  fixed d©tttele»gleK*d



f4»

windows » the edreatoge o f  a to m  windows rra l §1 la in t t e i sliding

t i l l  o^fis* It  offers l«v»£r»^ test of greeter toiftfl# illit elf» 

©endItSealag both winter sad saaieer la « stable e&it of on* pries* 

Beet m m  he delivered $aiefc|y # n  there it  f t  lit*  lig Intel red« end

th e r e  e re  no mete ptedaet #  to  he disposed t f »

Hie eepeet of the host ftuip I® ob i eh the aether l« oeet interested 

It the utilisation ef greead host for its iastelletiea# is erne it reset reh 

Is being dome with hori iostsl grid tehee terled In the ground 9 tfee settlor 

statied eertteal fir# instelletloii end its eeontelee la. eeaperteea with 

ether aettiods of stills lag the eerlems host searses for the beet reap#

Its elms were to doterelme the <pentity ef best the reap sen sapply end 

the eeeff let set ef perforates ee for seeerel eorietiiee*

the vesereel in the syels end restoration of the hoot in the 

ground for sere efffeleasp daring tho hosting eessen end «t the sees 

tine 9 nee ef the host p«*ap for sealing purposes *a*e eeoaidered In this 

resosmh in their relationship to the ©©Hireling fosters ef el lasts sad 

sell#

Hoot febeorhed by eesh square feet of soil eea %e ealenleted freai

where* Co fc#et*£ta/l b f E* eeadeotlrlty 9 aeslaaa tsapereteiNi 
M  ores < signers ft*) 9 « a dlfftsslelty 
%  duration ef slneeoideX teeperetere repletion#

Cs m urrnc* er fsftfien anew rxrt*
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f o i l  ©hfc.rfeotorieti©g$ ty p e *  o f  &©11 » B a tu r& l d e n s ity  » © to*

3~r‘-© ii& b le  in f©  m e t  Ion  on h ea t trisrtisfor © © e ffic ie n t®  f o r  ©or» 

l i e  % I  f tp f i  fct va rio u s  depths*

4-»fh# ©rerage atsaber o f hoar© o f *©ttx«l oparfetlon during the  

hws.tiny o r e«3©ll»£ see to a*

5-Th© annual fa«M?>.t ab s o rp tio n  per ©vnere fo o t  o f  s o i l  are® * 

?;:»©«©©« o f  © ground pip© depends ©9 mnoh on h e a t a v a i l a b i l i t y

In  th e  s o i l  *® i t  doss on tho pips s i r s  * aptolrsg » le n g th  * ©to# The 

t o l l  host 1® s u p p lie d  from sun re d 1 s t Io n » from  h e a t e a r r io d  In to  th e  

s o i l  by r a in *  frost underground a o Ie tu re  m ig rc tio n  * end from  h a s t o r ip l *  

n e t in g  in  th e  e » r th f e e e r e .

Tim d ie e re p m e  leg  found in  th e  use o f  re  r i l e  e l  p ip e  to  ebeorb  

end d e l iv e r  h e a t from  end to  th e  t o i l « h ere  h m n  due to  e le e k  o f  

knowledge o f  a l l  th e  fa© torsi in v o lv e d « e x p e e ie lly  th e  th e rm a l eon a te n t  a 

o f th e  s o i l *  The elm o f  t h is  re s a e re h  la  to  d e term in e  some o f  those  

fe© ter®•

Tĥ a s u r f  so© i r e »  Is  m  Ite m  in  business a a e tio n a *  end *

tho b ee t needed ■ is  la .; je rta n t in  o rd e r to- determ in e  th e  minimum l^ n ^ th

© f p ipe  fieeeesary* in d ie r t io n s  a re  th a t  th e  average e i t y  l o t  1® to©

s k T I  to  supply a home w ith  e u f f le io n t  heat « e© th a t  the h o r lg o a ts l  
*

f,r<>uftd p ip e  I®  p r e o t le a i  o n ly  ?*h©r© un i in l t e d  depths a re  « v * l X « t l * 9 o r  

wfe«rt s p e e la l s o i l *  m o is tu re  and subimrf*.©© ©crndf l i o n ®  a re  found*

The aim in  th e  study o f  e a r th  ©* p s to rag e  medium (a® « ,m.m  

proml ting , medium than any u t i l i s i n g  a i r  t .well- w a te r 9 e t o . )  was to  

examine eon© o f  th e  fa © to rs  d e te rm in in g  th e  pra.ctfeabl i t y  o f  a system  

ln e o lir ln g  a h©st«*exeh«ag©r * (th ®  v e r t ic a l  pip© in s e r te d  in  th e  s o i l )  *



101

S o lu tio n s  cr« p resen ted  in g en era l ta rn s  to  pern  i t  a p p lic a t io n  to  v g rio u s  

sets o f  c iro u a s tm ® e » .

Let os assume the s u rf  sees bb lo c a te d  in & con d u ctive  p o l l ,  having
the  fo llo w in g  spool f lo a t  len s*

The hea t w ith d raw a l is  e t  e © onstent r a te  a t  th e  p ipe  s u rface  and th e  

c o n ta c t w ith  e a rth  o f  i n f i n i t e  e x te n t and u n ifo rm  i n i t i a l  tem p era tu re *  

Th© tem peratures a t v a rio u s  p o in ts  are c a lc u la te d  from  the equations

The. tem peratu re  change t  , ©t th© s u rfa c e  © f th© p ip e *  i s  o f  

in t e r e s t *  s in c e , in  th e  use o f  th e  p ip e  as © h e a t s o u rc e , th© des ign  

must he such th a t  th e  heat re c e iv in g  s u rfa c e  w i l l  n o t f a l l  below © 

c e r ta in  minimum tem p era tu re  a f t e r  *n extended p e rio d * These tem pera* 

lu re s  mr.y be found by in s e r t in g  va lues  f o r  r  in  th© above eq u atio n  

which correspond to  th e  r a d i i  o f  th e  c y lin d e rs  o f  the dim ensions o f  r  

to  be co n s id ered *

The problem  was solved w ith  th e  a id  o f c e r ta in  ta b le ®  g iv in g  

th e  va lu es  o f  a r e la te d  in te g ra l* ., A *  e m p ir ic  e l expression  Is  used which

g ives  th e  v a lu e  o f  the in te g r a l  w ith  n e g lig ib le  e r r o r  f o r  va lues

2 0*8961 C ; 0 , | 5 i  / *  r  103 ; a :  .0193
F

where t  *  tem p era tu re  change in  degree F a h re n h e it

$  -  t ia «  in  hours  

a s therm al d i f f u a i v i t y  *

r  © rad iu s  In  f e e t

i

g re a te r  than o n e * T h e re fo re , th e  eq u atio n  w i l l  b©s~



im*

¥mm  this w# actio# th#t th# t*ap#r#t#r# *h«#### quiskiy %%

tfc-e pip# serf#©# si th# fcsgiaoiiî  ©f th# withdrew#! of H#*t fr#s» th# 

#«rthf tat s»#oh ins# rapidly m  ii«# pro*##d#» la#r#*sl#g th# pip# 

di master m m its in # ###ii door#®## In th© t «*?*#•tor# differ##*# W» 

tw##» th# initial growa# t##p#r#ti»r# *.»$ th# surfs## tssipsrstor#*

War h«#t results • th* heat transfer surf### shoal# h# X##st«4 

d#*p in th# ##rth in * f#m ©f ##rtl#§l pip#* If  th* h##t #x#h«tijj;«r 

1# 1* th# font #f • planer soil « th# surf®## roqtalrod is only *h##t oh# 

fourth #s grout for fcsl*a##d host entrust!©# #n& r#t#ra* mm for host 
withdraw®! only* It  I# only when fc#st interoheng# w i t h  th# *t*o#$fe#r*

1# minimis#! * thst th# r*l«iiw*ly small surf#®# for th# oyolis ###«
#»n fe© realised* this retire# th* host oatshsiagor t© h# 4rl#«m 4©#p 

into th# soil* with th# ml% sons 1st lx*& *f s row of *#rii#«l pipes*

Th# &n£i*o#riiic i# tiding, of th# University #f m&$Xmd  *%

Coil#!,# f#rk* it  tsndsrlsia fcy shout 15̂  f#st of C###tsl fls i* udiSBRtii 

h«n**th wMoh sr# )#rl svystslXia# msfes* fh# tapper port of th® C©*#t#l 

PI sin sediments «r# of rloistocm# #g# sad th# i#w#r port of €r#t«##©«» 

rotnumt /go* Th#y ©on*1st of «ltsro«tis| i«stl#ii«r h#d# of #l*y * ss-nd 

«nd grsvol* w*t#r ©©stirs la th# porous s«ad* tad gravels* sad

sin## th# feeds *r# lenticular* th# #**#t depth of water #t # epoeifi# 

l##*llty esjuwt %m pr#diet#d*

Mr* *1# ?* ^iagowsld 9 dr** Dir*# tor of its# U#p*rk«#»t of Ssol*£y » 

Ml### #nd #t®r ^#s#ttr###9*f « Meryl * ^ir#* th# wsior tsfcl#

level *s stoat 3$ fmmt deep* Th# iaapsrstur# of th# enter ess* of tho 

y»«r is 57*3®’̂* ’T##th#r fiar##a r##®r#i§ give th# soil surf##* temper#* 

taro for spring end M I (elaost eight south# yesrly) #* • whtl#
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ihu dry t^ a ^ r u tu r ©  o f  - t r  i ;  So0i:^

Thu 1u.ayar tturs gnuflant f uader th©:?© son-lit Iona * r>nd for tho 

f r y #  c f  s o i l  ist iko n s i ^ n U y  h® .rylr/i4 i s  l ° k *  In o r© a 8* : o r  $ f  

fo o t  in  & y ih *  i lo ^ ^ u r  » ■;* deyth  o f  100 f# e t  f th® n o rae l g r *d |« r ; t  

isi I t k & l j  t o ho *ff«et*d !y r.taoc^bsrio ioaipcsraturoa and a«y w®ry 

i«« ffl dogrest during th« oyela of tha your*

Soil g.t»»rwUrl»*.ltt*-wt....th# ..ffntyefalty or 

:.1*1 RaaJL (2 aU«» *«*t of Moolt antes! Hngl»e«Mrl»g Building) 

hsdroolt reyortod ISf fee* fc4ow l«ad turfefl**

oil Qq» 2 C% iU*« wt«t| south-west of M#©ĥ filooi Sfegtneeriiig
folding)

t cy:;s 0 -1 1  fo o t  f  y e llo w  e lq y  w ith  sow* g r» v « l

„0£S

n-a® * dry « yellow sand
XS~3t * rad ©ley
33M» m blue 0I»y
4*n12® J* red slsy

120*156 # blue el ay
126-145 * Mae ©ley with *tr*r>e. of send hearing 

eensidereblo w«ter (wueh Iron oontent)
145-4 f I » soft roof of soacetone nature

# qlisrts
* soft gneiss rock
» herd iiTimim rook

1 U*% allss south % eest- of M#oh©nl@fl !2rtg laser Ing
fail 4!ing)

o-f fast vrnil̂ w ©ley
3*33 * gravel

33*40 » *«ndy ©ley
4.0*60 * rod els>,y
60-30 * hits® cloy
30-U0 # rod olsy

110-110 m hr®an olsy
118*136 * bias sl«$r
116-151 » rod *. nd brown elsy
151-1n # Water-send

oil ho* % (l*f| all os south % eest ©I* êehftntesl u&glaoertni;
fa lining)
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B ry d o n o lty  { /* )  •» f% *$
spoolfie heel (cr) a ®*Xf
eontoetibliy (1)# 0.19
diffeslwlty {#} # 0*01056 ♦ #

# # t  S a t t d t  «Sm * 8 - 1 %  C/7 )  f t  1 0 ®
specific h#»t (W * O.S 
oontootlwitp (!) * 0 *6 5  
difnipivity {*) g 0.0li?J

Xn tbs esnter of tbs teak we# pleosd s w#rtlssl p ip s  of brso#

w ith  s o n d a e t lr l ty  #*p#X to  4 9 0 1 # p # s t f i#  h # « i #qpt#l to  0 * 0 9 *  d e n s ity

s^asl to  500 sad hewing an e a t® id s  4t«stl«r o f  0*5®® toehss «cmS on to ­

il id s  4%mm%mw o f  0*36®£ to  ©he a*

Tbs # e e X # r*  o f  b rass  #X#o# s o * tightly sttsohsf to  tb s  to p  

o f  tbo w»rti#*i pips# I t  was oonpoaed o f  tbrss p a rts *  Th# to p  p-mrt 

m m  sowsr#d w ith  sopp#r ta b to g  sonfeintog running. s o ld  w # t# r»  lbs 

ssee&d pert* teiew this* mis attached at both ©ad* wito too thermo- 

eoutpl •# « one la s h  apart * to  ne#*»r# tho  boot f lo w  l a  tho cooler • Tbs

bottom  p o r t  (tbs f l a )  * wm  to #  Id s  th e  to p  p a r t  o f  tbs wsrtle#! p ip #

to  s e e l tb s  r e f r ig e r a n t *  A l l  p o rts  were th o ro u g h ly  Insulated. A 

ssffow opening r m  th rough th #  f t o  * l» t©  th #  ©osier * to tb s  refrigerant 

•a p p ly  t#nk with m  sppsflNlag# to  th e  prssssrs g«*ge f o r  n#e*i»r#asfit o f  

tho epos if lo raises of th #  r e f r ig e r a n t *  The to p  p e r t  of th #  eoolsr we# 

on# toah la diaaelar end %*5 toehei in height« eurroiutdsd by 0*25 

tosh## of ospper tat lag* The ssecmd pert of th# ooeler we# sis# cm# 

Inefe to disaster end m m  lash la height# Tbs fin s#etl#ii m m  0*̂ 5 

toshes ia  disaster east 0 *2^ 6  Inohs© lo n g *

Tho heater* of tree# * wo# tightly attached to the lower sad of

the sort lo*l pip#* Ilk# tbs cooler * it mmrn mmp&md  of thro# parts* 

th# bottom eoetioa was 1 to«b to disaster as# $*25 lash## to height



m

©ovrsr̂ d wit; eopper tubing (©tiluM® diitgieier #<$»«! to 0*^ tnofe#*) 

ĥich eonvqyed running hot water* The second pert we* i inoh in dl*» 

m m t* ? r  a n d  1 i n c h  la  b r ig h t *  w ith  c m  th e ra o o o u p l*  n t  eeeh «a4 to  a*#** 

mrm fcH« ĥ st flow to th# refrltor«nt # TH# top pert of the heeter we*

* fin Q *% 5 inches i n  diameter# whieh supplied heet to the refrigerant* 

the fin  we* 0*225 inches long* t i l  fart® o f tbs hea te r le»f»eeaple te l^  

in m il »t®-d#

SUbleroUtr*ntttmthtm (C Cl. 2* » C 01 f%> * which Sc kecm *•
5? ^

?pw 1 X 4 1 we© ahesen as th# r e f r ig e r a n t  f o r  th e  experim ent h***u*e of 

th e  rtn o ep teerte  c o n d itio n s  end the stet* o f  th #  » o d * l*  I t s  p h y s ic * !  
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( e )  Vapor ~  . * * .

=  3 e  cr  a ;  ( - S - )
simplified to*

= ( v d / ) (-6 H -r ° n  t -h . 0 0 0 / 6  t v
where V *  v e lo c ity  o f  f lo w  f t / s e e • 

in s id e  d iam eter In  inches

The fre o n  114 pressure  en th a lp y  diagram  shoesc le a r ly  th e  re *

lo t io n  o f  vo lum e, e n tro p y , te m p e ra tu re , p ressure  and e n th a lp y .

EXi-ERXilSRTAl. TK^RMaL CCNDUCTIVim S P t CHE /.TMOSPHmiC PRESSURE

fre o n  Vapor

Temperature Conductivity

86°r. *00646 Btu ft*/ft*2 hr* °F*

m ° ? . .00811 Btu ft./ft.2 hr. °P*

Freon Liquids

Temperatur© Heat input 0tu/hf K conductivity 
CBtu ft./ft.2 hr. °P.)

32°p. 1.232 .05X5
1*11? .*424

i e f r . 1.01? .0344

\
Copper and eon e t  a n t  an proved to he the host materials fo r mea­

surement of heat te m p e r a tu r e s  and were therefore need I n  the thermo­
couples • There were two for the cooler, two.for the heater and f o u r  

sets of three each placed at four levels within the tank, each placed 

at a certain distance from the central axis* These sixteen thermo­
couples were firstly calibrated with a reference Junction at 32° F • 

They were oormeeted to a portable p reclslon potentiometer*



vo
ty
 

•w
kt

lt
l'v

* 
pr

#«
»u

ro
 

wm 
eb

oo
on

 
to 

oo
oo

ro
to

ty
 

ao
fe

gu
ro

•
M
4 *

O

ft
■ess
m

M
4»

i  t
5 1

u
o

m
m

H i

a
t
3
i
i
i
m

I
f t*o

I
&
i#

£

1
&

&i
&
u
3
©

M

*

t

*

*r-«
P*

#

0

I*
€
**

1
I

I
*4

J

*o
£
€

1
U

%
*4
% *

»

i
4
9 I
5 8

sc
«t

!
m

«
m

§Pm

m

t

i
a s
I 1
<H ft*
u  ©Si

t  5# f #<4

t  s

•rt e

♦as
J
4*

UJ
8$It

sI
*

K%8
H

i
&§

t
O
©•s

I  I  I

3
1 E
M %M#

4 *
2 9

i f£
I

%4
©

•<«*
£*
SWB
O

*t>

I  

i  1

st
g

i
t

i* © 
% #

ii
4 b

1!
« oI  4I Ift* J*

'  t
i9
d

tt
e
jft

©
ft*

*4

«*4** t
4̂

5
e
6 
H 
4» 
«

§
5IS
©
0
«©

1

%
U

\
«*
©
m
m
9

Ifit
m
H

a
♦

4$
m

%
H
H

i t

©

5
<S
<#*
#

*4

4
**
*h
«

i
m

4 *

1
H

!
4
2
4*

I*.
O
««

ft)
I
«

i

4»

ft*
©

It
©
&s

I
«
#»
**-S

*

s
«£

«■VI
I
*5
«

&̂
8

f t *

4»

s
t
%d

£

PI

1 1
ft* H

4 *
m
e«S2

I

1
ft*

s
4
5

Fr
@

ou
 

wm
@ 

•v
m

po
rn

.to
d*

 
'tf

h
m

n
 

o«
r4

 
* 

fet 
« 

Im
r 

th
en



the r e f r i g e r a n t  * ebsorh 'ed hast from the Freon , the r e f r ig e r a n t  wee 

condonged. Keying reached the heater fin « the Freon woe egela §?«• 
p o r e te d • I I - l a  p ro o e e e  o f  e v a p o r a t io n  end c o n d e n s s t io n  o f  t h e  f « f p i *

g ersn t woe repea ted  end th e  recru its  recorded f o r  th e  t r a n s ie n t  and

fttead;/ E t j : t « s » d r p  and a© 1 s t  sand*

© e ’f

l~Th# eir-§id© film eoefflolent $ h ̂ Q

2-Th© Freon end f i lm  © © e ff ic ie n t  -  2 *82  f - tu /h r .  f t . o

c o n d u c tiv ity  s *Q515 f tu  f t . / h r . f t . ^  0
3 - The b e s t f lo w  from &tf30ephcrio room taa ip erfttu re  to  th e

r e f r i g e r a n t  i n s i d e  t h e  pipei

e «*ee

£ . 7 7  *  -? 0  x  ^
-5--/ -y- -• 0 F «0 -l. y- , 37L  . $ J~S~

M8.a *
5 *1  *  .000381 ♦  15*9 5  *  .00763 *  .355

 1 65 * 2 L
21 * h i3 3 o n

; 5*S0 Blu/hr^ft • height ©f the pipej

Z * 5 26*0  B tu / l i r .

The u n i t  theratel condnctm e® ( f o r  2 ^ L  ( A t }  s 1 )



5 *  F o r  m e  e s u r i e n t  o f  t h e  l e n g t h  o f  the cooler fin (L)i
steady heat flow equation le

t - 0

y

T - |a * » o

hc of -’reon 114 et 4 0° F
?' of brass fin

h o f r e f r ig e r a n t  a t oondonsin^, s ta te

hev

• 3 0 3 .2  Bttt/ft.2 hr. °F
t - t  - t *• 1 0̂ • Tw ^  ** W

r{*fl1$ z K v (t * t- * )
y* J  P  /, j. \j t f .  -  - j U s  f t  -  t . )

% ? ■  L ^ 2.
** x A " ^  -  .00034 Si'Uere f e e t^ ' /A

p : V d ^ ^ f n l S  s *0652 f®«t
 ̂ r1, •

// (TIpL ) T . o
T  4. 7-3 x l 1 -  0

T 77- 24.6 x M  T r  0 
•25

T / / -  1 1  SO  T  ;- f  -  P 2  5  •  0

:•-' z J u 3 o  -  2  34.4



T h e  s o l u t i o n  f o r  t a m o s r e t u r e  f i  

T *  h e~3^*4y ^  b @*3^»4y

w h e r e  /-. and 8 are c o n  stents*

The initial and bounder:/ conditions pres

y • 0 t » t - torfi :.;errtu.re of the fin n v l l  CF«? **

y - L t s t - tenia ereture of t h e  venor hr eon
t ^  t  W A ^
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3<f<+ L
S • 11*5 / g r ^ L

2  -  26*0  B tu /h r«

L ~ *?3 Inches

2 th e  length o f the e o o le r  f in  

q - ^  Bin/hr
K

R 2 m _ _ _ _ _
h P tank m L 

8

mi y- 2*3 then tank a  i :  1

- = / 2 ^  y Af^
2

A s conduction orcss s e c tio n  ©r©& f t .

P •  p e r im e te r  of oross section ft.
h gs u n it  eonduoteno© to th e  surroundings from th e  

fi n  s u r f a c e

I  -  therm al © o n d o e tiv ity  f i n  m a te r ie l

» s J  121*2 ^ 0 6 5 2  
f 49*3  x *00034

* ; 3k»k
303 *2  x  *0652 ta n k  a  L

q r  ~ 26*0

-  30 x 301»2 x  *0632 ta n k  m L
34*4
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/!*• / *

P x f^rtaator *77c/ ~ 77 x '*7^ 

5 .0652 tm* 
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from t;o»n4f».ry ccrKUt ion#
whan y • © % » v'-v ♦ t■::.̂ a.,v>r̂ tiiro of the wall of

t h e  f i n

F  *> L  t  «* t .  U F *  t - e r -  . r e :t u  r ®  o r  h o t  f r e o n  1  i o i i i l* ^  .
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t • t  s 0 2 * * j*
/ r .. £<.« 65 L
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1,-1 *

gives $ similar rel r t io n  when, has t v /ithdrcwcl per u n it  le n g th  of tube 
in assumed to b© c o n s ta n t. The coordinates q and ( ^ t )  may bo used 

fo r  any ease in  -which c o n d u c tiv ity  and diffusivity o f th e  soil is  

known • Curves « such as q end ( a  t ^  cpn be mode o n ly  for ?■ gi¥©n typo  

of s o i l  and size o f p ipe o f  c e r ta in  m a te r ia l#

Most oh®ok tests were oarried on for twenty-four hours or more, 
The value of II for these check p o in ts  was in eaoh case determined by 
the change in the temperature per unit distance ewey from the pip© 
surface by means of th e  equation!

IT 0 . 0 * - ^
77 ( t ^ - t  )

2V  ( ^  t ) q 27? ( *  t ) q

0 0 30 1 .4 1 9
1 .0^73 40 1 .8 9 2
2 .0346 50 7 .3 6
J5 .1419 60 2 .8 3
4 .1332 70 3*3
5 .2 3 6 80 3 .7 8
6 ' .233 90 4«25
7 •33 100 4*73
8 #3?S 150 7 .5 9
9 • *25 1 8 8 .2 8 .8

10 .473 200 9 .4 6
20 •t4&

---------------------------------- ------- -------— — -— — J -------------- -— ......--------- --

8-Th© change in thermal resistance (degree per unit of best 

transferred par unit of time), was due to the change in tem perature  

difference#

- P
- L

%  ~ K B
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________________ Figure 30_________________________

RESULTS OF THE E X P E R IM E N T
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A  t P. A  t 1

0 0 5 it #0
l .1115 10 1 .1 1 5
2 .2 2 5 12 1 .3 4
3 .3345 14 1 .5 6
4 •4 4 6 16 1 .7 8 2
5 •558 18 2.01
6 .67 20 2 .2 3
7 .78 30 3 .34 5
8 .85

9-Th© te a ^ e re tu re e  were taken  ©t d i f f e r e n t  dlst&noe© ( r e d i a l )  

freui th e  c e n te r  l i n e  o f  the v e r t ic a l  p ip e .  The fo llo w in g  eq u atio n

r iv e s  the tem per©ture o f  th e  s o i l  when th e  Freon is  40°P * end th e

outside atmospheric temper© tare i® 7 0 °F .*

q -  2 77 ^ ^  ~ ^ ^  -  2 6 .0  B tu /h r .

s*-f
T 2 - ft ♦ Tq ( f o r  air sieH con vet tiers

•̂ •1 2-7T /i. f  L drop)

= 70 -  r  = 62 .75°? '.

q .  s 70 -  8 .9 5  x  (5 .1  •* .000331)
1 0 ,9  6 .235

-JL. —
710 . :  70 -  3 .9 5  x  (5 .100381 *  - 7 7 7 ^  )

1 0  6 .285 ?

-  70 -  1 .4 3  (5 .100381 ♦ .0362 ) = 70 - 7 .9 2 -  6 2 .0 3 °? .
.19

T ;  70 -  1 .43  (5 .100331 ♦ )s 70 -1 .4 3  x  6 .1 0 0 3 8 1
9 •'?

:  70 -  8 .7 3  ■ 6l . 22° P .

T«» -  70 -  1 .4 3  (5 .1  ♦ - = _ £  ) .  7 0  -  I .4 3  x  6 .7 2 .6 0 .3 5 ° f .o" • / ^



J  'J L j-J- TO * I .41 (4.1 ♦ -— 1—  }* 70 - 10.62 *5 9 .3 8 °p.7* - ,/f
g '°r

Z 7 0 - 1 */|3 (5.1 4 ---£ -  }- 70 - 11.8 s 53.2°?.
o'* * / /

/■ o * J

t 5 .  2  70 -  1 .*13 (5.1 ♦ ■—  p - )z  70 -13.2 a 5 6 .3 ° r'.

-4-
I ’ij. r 7° -  1*43 (5.1 ■» ■ --f  Z 1 )= 70 -  1*1.3 a 55 .S0?

: TO -  1 4 3  (5*1 *  — /  *  h  70 -  17 -  5 3 °p .

f 2# r  to -  1*43 (5,1 ♦ — — ).  70 -  20 - 50° f .

-  70 - 1 .4 3 (5*1 ♦ ------^  )r  70 - 25.3 - Mu?°o*
fOj

S?0 -  1*43 ( 5.1 ♦ — )r 70 -  1.43 x 20.85* 40. 1°*

.1311
r  70 * 30 - 4o°7.

10-i‘h@ soil end tank t superstares at redial {listen ces Prom the  

control axis of the tenk (when the freon Teayereture is 100°F* end the
O Voutside sir teuuerstare is 70 7.) ere es fo llo w s s

2.77 Z ( 7 / - 7 Z )q -     - 26*0 Btu/hr.
/Y? 2. € 0

T r 7 4 = 70 4   —:--_ * 77*25°7.11 ° 7 7 7 * ^  f  2 - 7 7  x .  r ?  X  Z^T /c .  ^  2 _

10 • o
7f -t 70 4 * c t  ' f  • ° ° ° ̂  s 7 7 .257°!?*

"in = 70 4 TT-r * (5*1 ♦  h  70 4 7.92 - 7?.y2°ito tT-zry

1 r  70 4 I .43 (5.1 4   2. } -  78.7S°F.
9 * / J

r « ; 70 4 1 .4 3  x 6.72 -  79*65°F.
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Figure 3 ^  He suits of Experiment
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T * 70 * 1 0 .6 2 s 80.62°??.
T6 -  70 4 11.3 s 81 .8°P .

-  70 4 13.2 s 83* 2 ° P.

T, ~ 70  4 1 4 .3  s 84.8°P .

T 0 *  ?0  *  1? -  87° P .j  "
X2 = 70 *  20 -  9 0 °  F.

. 70 . 25.3 - 95.3® s-.

t . 2 6 ;+ s 70 ♦ 2 9 .8  -  9 9 .9 ° F .  

l . 1 3 U s 70 ♦ 30  « lo o °P .

R est t r a n s fe r  in  the s o i l  v a r ie d  # t the  b eg in n in r  o f  the ex p e r i*  

ment w ith  the a m o u n t  o f  tim e c o n s u m e d  b e f o r e  a steady f l o w  o f  b e a t was 

o b tc in e d . B eat flo w  in  th e  s o i l  v a r ie s  * duo to  t hm type o f  s o i l  *.nd 

l i e  m o is to re  c o n te n t.

lO *The period of time for which the  dry sand 1$ in the  tresu-.lent 

s ta te  ( assumin. that th e  tank is  a c y l in d e r  of Send with on outside 

re d lu s  { r )  of 10*9 Inches* In s id e  ra d iu s  (r .)  of 26% Inohee) is  explained# i

in  th e  fo llo w in g  o s le u la t io n t

h e i r  *  3 2 ’  ‘ *  *1 9 ’  / * •  7 4 . 8 ,  Cp  .  . 1 9 ,  a ( d l f f u s i v i t y ) *  .0 1 0 5 6

F o u rie r
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-------- , x --------------- 2 *0241
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t’ra..i heat transfer note*-  ̂rcph of page ¥*
CL &

-  -7k

-MF - *3a 
• o i?5 Q -  .32

^  = X T T s -  = ~5,6 hourE
» 2 5  hours 3 6  aa in t i t  os ,

which appro xiiaaiee the result in  appendix 111*

11-The p eriod  o f tim e  f o r  which th e  wet send is  in  th e  t r a n s ie n t

s ta te  (assum ing th a t  the tank  is  & c y lin d e r  o f  send w ith  an o u ts id e

ra d iu s  (H ) o f 10*9  in c h e s , in s id e  ra d iu s  ( r.) o f  *264 in ch es ) is  exp la in ed

in  the fo llo w in g  c a lc u la t io n *

\ i r  :  • • Ksenci -  * 65 - / *  103 • Cp = * *

a ( d i f f u s i T i t y )  ;  .01375

d± * a. £±
d &  * Jx * -

t-t*. . eJ*  -  ~  7
7 T > „  -  I T  J  ^  *  Je4 ~  4

B io t r  —  *  —  -  - 3 i/< * *̂ 5- /Z  *

JL - 3*22
B lo t

Courier 

/Z.
/ — ) = l£ 7 ? *

4 - 4 ,  -  2 2 -  .74
ij.-n . '  3 0  -
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In  rece n t y e e r a , the h ea t pump has been recog n ized  &a « p ra o -  

t i e r l  device fo r  r e s id e n t ia l  year*ro u n d  s ir -c o n d it io n ln g *  I t  o f fe r s  

a means o f  o b ta in in g  both h e a tin g  and © ooling  In  a d d it io n  to  a l l  th e

b e n e f its  which a yea r-ro u n d  a ir -c o n d it io n in g  system earn g iv e *  Proa  

th e  therm o-dynam ic p o in t o f  v ie w , th e  heat pump is  a now a p p lic a t io n  

o f  o ld  r e f r ig e r a t io n  o y o le s • how ever, th e  d e v ic e ,  as i t  is  proposed 

s i  th e  p rese n t tim e  ,  g iv e s  an au tom atic  ty pe o f  h e a tin g  and c o o lin g  

system n o t h e re to fo re  p o s s ib le *  Research work upon th e  device has 

been accom plished, in v o lv in g  th e  a u x i l ia r y  equ ipm ent* by m anufactu rers  

and te c h n ic a l s o c ie t ie s *

Heat sou rces* as in  th e  p a s t*  form th e  most im p o rtan t h e a t pump 

p ro b lem , as f a r  as r e s id e n t ia l  a p p lic a t io n s  are  concerned* Two o f  

these  sources , which should be developed f o r  u n iv e rs a l a p p l ic a t io n ,  

are  a i r  a n d  e a rth  * A i r 9 b s  &  heat s o u rc e , is  n o t as f e a s ib le ,  due to  

m eohaniecl d i f f i c u l t i e s  in v o lv in g  f r o s t  fo rm a tio n , complex c o n t r o ls ,  

© to . fho e a r t h ,  how ever, o f fe r s  many advent ages , due to  th e  r a th e r  

u n ifo rm  tem perature  a t  which i t  is  a v a i la b le ,  even in  n o rth e rn  areas* 

I t s  d Is «&■vantages in v o lv e  th e  d i f f i c u l t y  o f  in s t a l l in g  s u f f ic ie n t  h e a t  

t r a n s fe r  su rfsee  to  o b te ln  good perfo rm ance. Some o f th e  problem s  

needing s o lu t io n  are th e o r e t ic a l  in v e s t ig a t io n  o f  heat f lo w  under 

va rio u s  c o n d it io n s , in fo rm a tio n  on th e  typos o f  heat source® a lread y  

proposed ,  and m i  in v e s t ig a t io n  o f  s p e c ia l h ea t sources#



The *ii.ftimm of th© h m t for the ptiao Is ft«tttr«Xly of interest
to Ah. ttiNtr * m  i m  ©e*t isfolwd forms « Xsrgo portion of th« poap

InstnXXotlog* ro£o**dX©S8 o f  th e  typo o f  u n i t  9 \momm th e  heist Boumm
i t  an t l io n t Io n  prob losu  f t i l l t p  co^p«y*loe e r#  on« p o s s ib le  s©uroo

®f support for hoot searso rososreh * «• they hs-re <% porticulorlp l*r|v®

im rk o t ta  th e  hoo t ;nmp in  t!s© fo ra  o f  <*Xs©trio o tio r^ / t i i U s *  fron

though th© ©Kpoaso of tH« rosoofoh will M i  upon the usert ©*? he

poys for i t  IndlrootXy thrcmgh hi® eite^ioti rotos* aorortHoX©#®f th©

iaprotroaont in  rorforaonoo whloh ©©aid w w i t  froa rosomroh eon in the
end r t s i X i  in  lo w e r totol dootrlool o o tt to th© oner*

/©oossorv problems include the dovoXopMit of spools! rofri&oro&t

»»d prodaotlon of low~oo«t eooeeeories meli *s oXootrostotlo dust pro*
oipi'.otor® ®nvl ûr:aleidwl Xs&ps*

fr; pi lost Ion prehloas of tho hoet pump nr© rotbor nuoorotts* t.»o

of itrjso le the study of oo&fert ro'iuiroaont* in terme of hoot
operation* fema of lh© heet y.uup features ore olallsr to tfprm air
(rsdloat hooting) systems* the minimum ro^oif \ nts for ftotlsffotory

boa© aooXing K«xr® n o t hnm i too throughly InYostlgfttod* ’■'■ ref ft M y * M X

the trerleus retirement® in oonnootton vith he*.t pump ©p*r*?tiot* «ill

become s»r« Important ok the hoot pump bonoae* «. necessity* rotbor thm

m Xumrp it©®.* fthor itppl lection p ro b lem s  inolado eneXysls of m tr -ils»
trlbutlofs *y«t€s§ae- f o r  hooting *nd oooling* study of noise ®»d vibr&ties

llmitetion® » InsuXetlen requirement® * design prooedures development*

end study ©f host r4i*p spriest Urn to pro£ent*dey housing# 0#n«rig! re-
*

m & r& h  m -  t e a p e r o t u r e *  s i r  v e l o c i t y  d i s t r i b u t i o n  •  end h im m  o o o f o r t  r o *  

© uir<?a^n ts  « in  r a ^ l d o n t i o l  s o o t io n s  9 ©on bo  p o r t l y  e d o p to d  to  h o o t  p im p  

in s t& X it * l io n e t  *
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* m o d ifie d  ©Tpathtsoeooye w&& eon stru o to d  hy Dufton l a  193% m i  

l e i® r  adopted l y  th e  i r i t i mh Xnter^Deitturtm entol Committee on Hooting; 

m i  I fo n t l lo t lo n  R w w w h *  th e  d e f in i t io n  o f  e q u iv a le n t to n p e ro ta re  

no® ohsngod t©4 w‘, b r l  t s a i« r e tu r #  o f  e un ifo rm  e o o le s ttr*  In  v h le h 9 In  

s t i l l  s i r ,  © V I sole body o f  s u f f ic ie n t  e ls e  mould lo s o  hoo t a t  th e  Bmm

re.tfj «s b  th e  mwlr®mmm%t th e  m ttfm m  to a p e rs to r *  o f  tbo  b©% being

© n o *th ird  o f  th e  way feetooeu th e  tem p era tu re  o f  th e  estelos&re «aaA 1 ® 0 ^ * W 

dqyiVfc|«rit T^myor&ture

x 0.5?? t« -» 0.47s tp - o.oi47fj(v5 * Uoo-**>.... .

t e h e r o t  i t  «  i l r  t s j  F t , t a r ®

t 5 moss ? mt  temperature In dorr®® Pehroshoit 
vr s ulr *d t f**m*

fd® aoest eenvsnleat tmlimd for eelaeletin';. the diroot *see*ar<vsent

of th« mean redlent too:'.«r®tur« le with « radiation theraopll®* Th® moan

ra d ia n t  is return «en el so bo o b ta in e d  from re a d in g s  of th e  tlmk

glofce therm om eter (B ed fo rd  end v-er?i©r « W J h )  I f  th e  * l r  icm psrtitur®  nad

Telocity ©re si to kioio*

f̂t®r observet ion® hew boos mede oith the ilx tech (J®h# theme*

meter* th® e®ralT«*l«mt temperature e«t* bo estimated (without eelenletiBg;

th® meen r e l i a n t  te m p e re tu r* * by o e la g  th #  fo llo w is ^  r c l t t t e a ^ l p  * *

b c ^ irs le n t  Toaperm ittre

* ®*$22 to ♦ 0*4?S % * (▼) i (0*OSa3 tg <* 0#066l to ♦l*4?t|}*#

nrheret tg 1® th e  temperature lad  looted by th #  6 in©h g leb e  
thermometer*

*

f o r  no reel i n d o o r  eondltlons*  ê uiT̂ lent temperature I s  en email lent 

sOrle o f erermtb » Tel 14 up to th©®® temperatures o t  efclefc eTajjorette® lore®* 

from th# tody beeoee Important*



Kla«t HytUUow on . *aca. .Cp»gff_rl.« s tose «ta«te 

©norgy redletton he.® b©©coi@ ©stothor h&gerd t© htmm eoafort« th© «ttitor 

s in i#  t l i©  following © tu d y *

fhorc «r© thro© %&?** of ©jcjsloijilm® % ©tonl© bombi bi&h in th©- 

»ir * on th# ©orf ao©# and t» wiWt C©t*#id®ri»£ th® bomb txpUdal hi^i 

Is the nlr* «&©h ©s th© on*® used ©t hlroshi*© *iad &©g«a«fcit ** find 

tb#:t ©n aa;>nji®ct®d ©ity *©uld b© nffooteit In c*v*r©l weys*C ?X) In m  
mmt* of *15? ©:«ar# ail#® hotow tb® boret9 would Is® ©pyrexiaetety

K-'̂ CC fete.:i ItiJarS#® ©r*d oemplot® am in* cHitwssrd from thi* ĉ r#« to • 

dieif.ssu© of two ail#® from th© ©ontor» the d#st*5.£<& would r©a&* from 

h©*vy to 1 ifht affeati would vnty from ©®v#r© to milcU

foyond tb© two mile fsdlu#f tb# dr»»£© would eongiot a®inly of brc a 

window* Mid fail lag ?U«t«r# 8© offset mml4 be g|*eero*bl« bm̂ ond 

thm ol/jht mil® r&dlus* hftor th® #tomi© explosion, in e«r®r© eud

®r®e© # fla s h  barn on®®# in  ell dogro®© ©f ©©verity w i l l  ooour 

from *xpo*ar© tc tb« light «»d hmt  pr©da©*d by th® ©xploiion* Cf th* 

almost 70 #0©0 fetel injur i®©# from 15 to would h© da© to r©di©~ 

festivity#

ffe #  ©tomlo ©xplocloti w i l l  & l* ®  r le ©  to v a r i o u s  % p ® s  o f  penotrotin̂  

r * d l o t ion©, nmmly a#m«& Roy© (which or© ©1 ©otroastgn® 11© rey© mimiXmr to 

h ^ r * iy # 5 |  neutrons (olootrioelly n«utr©l p a r t i a l # ©  thrown f r o m  © to m le  

na©loi)g <-*lph© ©md hot® S.*y® (&»©l©sr partial*© of uo&otiv® end posltlv*

o h ti r g © ̂  r  « r  p««  t  i  v « l  y  *

Siwic- :te.y« *r© th© sour©© o f tro a M ©  «© th©y produ©* io n is a tio n  

■within th ©  blood-forming ©*11©# th-® intoettawl t r# © t#  end tis*u*« of th©

body# ô ttsin,., ©homioe.1 41®ruytl®n o f  th© collalor ©ont#nie*
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AJ;,-3 !0 IX  I I I — CORRECTIONS EC 11 ERRCRR IE T^ITTR.’TURE RTpTI^ES

The measurement c f  s o i l  tem peratures  in  the experim ents n t  t h e  

TJ* C • L* /  • end the U n iv e rs ity  o f  M aryland , was c o rrec ted  b y  fo llo w in g  

the  eq u atio n  o f  OrGber ( f i e  :' . ' & r m © i b e r t r £ g u n r )  b o o  an  c e  o f  h e a t  conducted  

through t h e  f i l r a  surrounding th e  w e ll , along th e  w e ll » end to  th e  «rt.ll 

o f  t h e  w e l l .

D is re g a rd in g  th e  p o s s ib i l i t y  o f  r a d ia t io n  between th e  s o i l  and 

the them om © ter * and fo llo w in g  h ea t by con vectio n  and c o n d u c tio n , th©  

tem p era tu re  d is t r ib u t io n  along th e  w a ll 1® an exp o n e n tia l fu n c tio n  o f  

an osc i l l  f to ry wave; a/  „

•f - ta/Lf £ a0’ c-v-31 ̂ f e -{ht^
which can b e  expressed as b fu n c tio n  o f  th e  h y p e rb o lic  co s in e  o f  the  d is ta n c e *

«  - — ■

wheres t  *  t h e  d if fe r e n c e  in  tem p era tu re  between t h e  a i r  e t  th e  
bottom o f  th e  w e l l  and th e  w?11 o f  the  w e ll  n ea r th e
p o in t a t which th e  therm om eter is  immersed*

I t  ie  the  approxim ate e r r o r  due to  h e a t conduc­
t io n  from  th© -w ell*

t©M z  bbo surface- mean tem perature

per f t *

f i l  ai conduction 1.ctween th e  w a ll arid s i r

r  -  in s id e  rad iu s  o f  th e  w e ll In  f e e t

I  »  therm al conduction o f  th e  s o il B t u / f t "  h r *  F *
f t *

k a c ro s s -s e c tio n a l area  o f  w a lls  o f  w e ll  in  f t * ^

y z  depth o f th e  w e ll in  f e e t *

m I  V ^  2 nT j»  ^  V . d r s ( d if fe r e n c e  in  r a d i i  be-
z77 tween th e  therm om eter

and th e  in s id e  ra d lu e

< t TJ/i-

t  /  -  and th e  1:
* r toM 5 r



As fin e x e a p l*  f o r  *aoh 4*3 fo o t  deep m id  u e ia g t

f -

h •  1*022 ( f o r  s t i l l  a i r  in s id e  th e  w e ll  o f  on® 
f t *  red lua-A & fV E  Quid®)

E z  *19 send

dr • 1 feetm

y z 4*3 f*®t

a • - 2—* - Lo* // o /3
- 5® * .0905 * io-3
- .0045°K.
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IX  I I I —  S' I t  T
v m r i c a I.

Th# th e o r e t ic a l  end e n & ly t le s i s o lu t io n  o f  h ea t f lo w  to  th e  pip®  

from  th e  ground ®t i n i t i a l  tem poral a re  f 0 * was s tu d ied  %  Lord E e l v ia  

anti .r© s e a to«l in his m athem atie ana phy& iecl papers ( f i r  x* Thomson)»

Vo. IX . p.  Lord X e iv iu ’ e s o lu tio n  is  used in  d e te rm in in g  s o i l

t e m p e r a t u r e  a t  a n y  i i s t e n o #  f r o ®  t h #  c e n te r  o f  th #  p i p ®  a f t e r  a  c e r t a i n  

p e r i o d  o f  t i m o .  f o l l o w i n g  t e  a  ra th e r  s i m p l e  tre a tm e n t o f  t h e  B e a t  douroe

dIn©# h e a t is ofeteined fro® a s te a d y« permanent source o f  heat ©r 

s in k  * in  an infinite medium* a t  the i n i t i a l l y  u n ifo rm  tem pera tu re  T0 » then

the subsequent tem p era tu re  a t  any p o in t in the media® is given  es* -

where* f  •  tem p era tu re  in  s o i l  a t  any d is ta n c e  from th e  v e r t le a l  
pip© in  h o r iz o n ta l d i r e c t io n ,

T0 -  i n i t i a l  tem p era tu re  o f  s o i l  b e fo re  th# o p e ra tio n  f ° f ♦
♦X m h e a t em ission o f p ip e )  1 Liu per l in e a r  lo o t  

x h e a t ab so rp tio n  o f  p ip e )  J v e r t  le a l  h e ig h t  
X -

2ijal>
r  •  d is ta n c e  Crom e e n te r  l i n e  o f p ipe  in  h o r iz o n ta l  p le M « f t «  
I  X therm al c o n d u c tiv ity  o f  th #  s o i l  
a x therm al d i f f u s l v l t y  o f  th e  s o i l  *  £

^p/*
/ ? •  d en s ity  o f  © o il 1 b /o u b ie  f t *
Cpx s p e o lf le  heat

Q z  t in #  s in e#  s t a r t  o f  opera .tions * hours  

/ }  s v a r ia b le  o f  in te g r a t io n  ^  t

w h ile  in  ta b le  21 we {-,et th e  v a lu e s  o f tem pera tu re  d if fe re n c e  ?'or d is tan ce

fro ®  the © enter l i n e  o f t h e  v e r t ic a l  p ipe in  a h o r iz o n ta l p lrn e *

a

we f in d  the va lu es  o f  th e  in te g r a t io nv a rio u s  va lu es  o f

I% r th© va lu es  o f le s s  than  *2
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It %& found t h a t  the t e l T in  a q u a t io n  oen g le e  good v a lu e *  o f  p ip ##  

la g s  t hen  2  in c h e s  In  d le m o ta r jW h le h  are  more o f f  l a t e n t  then  la r g e r  ©n#®t., 

m  th e  a a e l l  and lo n g er pip© hgv© mer© a a r t h  from a h la h  to  draw h o s t  and 

a© th a  te m p e r a tu r e  w i l l  fc# k#pt high for a longer p e r io d  #* th ©  #©me rata 

o f  b e e t ab so rp tio n  per om it ®r©«* T h la  © p o e t io n  l a  b u i l t  on r a d ia l  h a & t  

f lo w . T h e t  moans t h a t  th© v e r t t# ® !  pip© g io u ld  ha lo n g  enough to  a llo w  

e l l  h e e t  flow to ha r a d i a l  •

Z h g e re e ll and P i r n s ®  i l lu s t r a t e d  I « l v l n f « e q u a t io n  w ith  th e  

f o l lo w in g  © sam ple#  ( 23)

Ji lo n g  p ip e *  on© inah i n  o a t * id #  d ia m e t e r « v o r t i o e l l y  b u rled  

in  s o i l  © f e o n d u o t iv l t y  I  *  1 *2  » a p a o lf ie  hoat Cp •  *45  » d e n s ity  / * js l0 t » 

d l f f f e o l v l t y  a  *  *02 6 1  *  a t  an I n i t i a l  te m p e r a tu r e  T0  $  $ C i*F *  * and absorb* 

in g  heist a t  ® r a ta  o f  q » 20  S t u / h r *

f in d  th® te m p e r a tu r e  o f th© pip® surfaoo in  o o n ta o t  w ith  t h ®  s o l i  

a f t e r  o n e  month (731 hours o f  o p e r a t io n ) *

Solution!

S2- zz. . o  o  &

tfeinp th a  Kelvin equations

T - To « .*.66 x 5.06 a 13.4®P.

tinjraforaiT s T0 — 13.4 * 50 ■* 13.4 a 36.6®)?. 
from t«M« 2 for one Bin per hour per linear foot

? • T0 • -.4?

thor© fo r©  for 20 Btu per hour--per linear foot s •13*%*K. 

therefore- f'g $0°?+ * 13.4°f* * J6*4@F. (th® same result)*



tor two wortlnal j4po* of t* 4i«a«t*r with intermit

of JO inoh##« tfe# «#»« ocndition* §# tofor# told truo*

^  • ♦tO H (#4? 4 <®|2} $ * t&#S 
T H t«np*r*t«r# #t ito pip# owrf#*# $ J0»&6#% 

which stow# ttat oftoh fIf# &r«tw« toot» to m m  «*t#nt 4 nmp from th* 

tli# sol̂ htoriiig pipo*

Is tli# o##o of torito torI*ooi*I plpo# th# tolwia • Ratios «#s 

to a##d with tli# t to t  ttor# I#  & tang# o f th# pip##

1*^# # poor## of tout lit th« #$n# &l#tsno# g*to*r# th* sarf###*

1%# tonpontnro drop i#p#mt# open Oi# p«ri®4 of#r#iion #* tto 

#a®mii of fco©t absorbed wmrlo# for #«#h month*« ###4#*

£xwtpios mmam* m  I#oint#4 ' wortloot pip# towing m  onttido dim# tor 
of I  Im h md opor#ting at as »w#r«n# ftboorption of I© BtnAr/ft during 

tto nonth of torontop mod 30 Slo/br/ft daring Detontor* ihoi t#npor»twr* 

might to #xf#et#d in th# pip# on dormory lot andor tto aiyn# #®»diti«m»t 

toon f#bl# t » no find ttolt#

W  * t-40) ((frf#) too wontto *Cf*?#)®a# aonth )*{ -3C>(CM#)l wcmth) 

S C«&oX*n»*<T) ♦ (-»>(.67) •  4 j . i* r .

t • r© * i).y » JtA,
Img#r#®ll ®nd Flo## m*d« # tttoty of tto tonperntnro in % Inoti pipo 

tmri#d w*rtioallp in toil ft m €  ooil #f for * ported cf 100 poors * It  woo 

imt®m§£%%g to not# that oftor 10 pears « th# decline In towporotwro % m m m  
oo*? gjrodnoi» ftop #i#® foond ttot« in oortotn typoo of d#ep 4*? well#*

tto m m m w  return of toil *i»y to onto lows tbtf* tto winter to#% absorption* 

to#p irertiodl n l l i i  ow#n if dtp t h#oo oortoin obwionp oivnfifof##*

*« #ta% of tbo poooSblo offoot of o rro r̂ooelro loool oooiing of tho 

grmmd soar th# wortiooi ?ifoo ŝoald to e#r#fnily n#4o tm  ttonijh it 

atfl§* not to « mrtm*  probioa #ft#r swooroi ?##r« of opwrotion#



iPPHBDIX X II—Experiment Problem©

Sard was chosen as the s o il  in  th© experim ent fo r  th© b ee t pump*

t h e  model and the best pusap p a rts  were arranged to  draw h ea t a t  8 * 8

B u t/h r  ;>er u n it  a rea  o f th© pip©# The tem p era tu re  o f  th e  m ud was J0°? «

w ith  t h e  fo llo w in g  s p e c if ic a t io n s *

For dry send* d e n s ity  94*8  l b /e t i l i o  f t *

S p e c if ic  hast C -  .19  B tu /lb *P -»

Conduct i t l t y  f  -  .19  B tu /h r  f t 2 ( t t :  ) •
Ft

B i f f u e iv l t y  a. 2  JS , -  .0 1 0 5 6

^ Cr
For wet send* D ensity  -  102*0

S p e c if ic  b es t C s *5  

C o n d u c tiv ity  K -  ,65  

D i f f u s iv i t y  a -  *01275  

The Freon 114 ( r e f r ig e r a n t  For h ee t t r a n s f e r )  evaporated and con­

densed under normal p ressure  a t tem p era tu re  T -  4 0 °^ *

The brass p ipe had an o u ts id e  d iam eter -  *528 inches -  *022 f©©t«*radius#  

jdie i n i t i a l  t  cag.-i re tu rn  o f  n i l  th e  machine p r io r  to  o p e ra tio n  was 

T0 - ?Q°S.

Us in , the Eel v ia  eq u atio n *

t-*0 , f  <h r <A/3
^ 7 7  /C J x  '

. 3. I W
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THE EFTEXT OP DRY DENSITY AND MOISTURE CONTENT ON

THERMAL CONDUCTIVITY (K )  OF UNFROZEN SANDY SO ILS
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Conoluslena* X ~ t t  t§k«0 lender f--r the ta & p m rm tu r* to  d re g  tr& m  

TO0?* to 40°P* la nsret *«nd than it &&m ia dr̂  s«i4* ©f th#

h tj'h ^ r  ©fepfioity o f  th #  w«t 9# cK>%p*r#d to  t h « t  o f  th #  4yy

sand*
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