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Thusy the suthor looke forwerd to the dey when the Heest Pump will
be universally mvailagble to people in 211 income breaokets for use in
even the gmallest home as well as for industrial end egriocultural

purposes.



TERMIRCLOGY

Frectiosl applicetion of the Heet Pump regulres s kmowlodge of phy-
sicsl terminolopy, definitions and units of memsurament, physloasl ochereos
toristics of Preon 1l4, chersoteristios of the soil , heat transfer end
eveileble eguipment for producing the required heat. Fhysiocel terminology
includes the following common termst

l. Confort Zone: That sone within whose limits the veristion of temper~

ature lesves the humen body in s state of well«being.

2e Degree Dey: 4 unit, based upon temporature difference and time, used
in estimating fuel consumption end specifyving nominael heating losd of =
building in winter. For any one dey, when the mesn temperature is loass
then m,mow. {vwhioh has been found to be the aversge for most types of build-
ings) there exists as meny degree~deys as there sre Fshrenhelt degrees dif-
feorence in the temperasture between the meen temporeture for the dey and
65°w.

3. Densitys The retio of the mess of u specimen of a substence to the

volume of the specimen: welight of e unit wolume of e substmnoce.

a1 The tempereture eorresponding to seturation

(100¢ relative humidity) for e given ebasolute humidity et constent pressurse.

snpergtures The temperature of e ges or amixture of geses
indiezted by an scourste thermometor after gorrection for radistion.

6o Sffective T

¢+ /n arbitrary index which ocombines into e single
velue the effect of teaperature, humidity, and air movement on the sensetion
of wermth or ccld felt by the humen body. The numericsl walue iz thet of
the tempereture of still, sstursted eir whleh would induoce m identicel

sengetion.
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oomes resiztence end produoces motionji a foot poumd if e welght of one

pound is lifted ¢ distenve of one foot.

Nomenolature

le &=-The sres lor heet trensfer, porpendiculsr to the direotion of

heet trensfer 2.
2+ se~Therasl diffusivity s 7’56‘ t‘tthour.
f
3¢ C_-=Heat onpecity et oonstent pressure Btu/lb, %,

P
L. h=elnit thermal oconductence { subscripts; o-vonveotion & r-radistion).

5. F w-o-»(}ecsmetrielal end enilssivity influsndes on retes of hoat trensfer
by redietion (dimensionless).

6s E~-Themmsl conductivity Btu/hr, £t {;%)

7+ L-=Longth (foet)

8. Ru~-~Fusselt modulus = hL (K for fluid) (dimensionless).

9.+ p-=Farimeter (reetg. Pue Prossure (1b/ft%)

10. ;--}ieet transfer rete (Btu/hr)e G(=-Heet trensfer (Btu).

11. S-~ieight density (1b/7¢7).

12.A »~=Finite inorement.

13, )f--ifass density (slugs/ft>).

14 f==sbsolute viscosity (1b/sec/0t2)

154 & «wlinlssivity of & surface {dimensionless).

164V ~=5Stefon-Boltznen constant = 173 x 10"8 (Btu/nr, °F. ,QRA).

17. Re--Reynolds modulus ¢ V.1 ./ ( dtmensionless).

18. Or--Greshof wodulus ¢ ot aqz’ £ (dimensionless).

19. Ru-~Nuseelt modulus = # (Gr)a(!’r)‘b. (dimensionless)
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Figure 4
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The eoversres snmasl for thandersiorms is sloat thirty-one deyse
o June e 1720 4 ¢ vielent lees]l thundepstorm ewept over Bolling Tield,
degtreyin, twelve eirplensss The nsxluss yoerly dsgroe-deye wes 5573
in the year from July 3903 ti1l Jane 1904 »hile it wee only 3904 in the
rasr from July 1949 ¢11l June 1950.047)
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Figure 5
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It iz laportent 4%t hest transfer on;ineors wnd physicle:fete
ecnflor aore often ond leern to speck eeeh othar's lengueges The engle
neer speske and writes in terms of Pebirenhelt, sguere fest end iritish
thernsl unite, éé;ﬂa the physiologist lives in & rouda of Centi;rede,
Bouare muters mé suloried.

e IWTUBMDU vy EBRTYESE B B OED 1T OEVIAUHECHT.

Dadyr In fteelly the hunsn body 48 « grost host gonape
ators Luokily, it sleo conteins s very relisble hest regulatory system.
The body produaces hest from the ebesicol processes within it whieh sre
dependent apon the food intele, Uasele motion snd the glende, aeinly
the liver, produee prest quantities of heets II' the body 414 not sleo
zive off hest, thw toaerstare within woenld acon reseh the belling peinte
Te koep the tody temrersture st s ounmtent level, the lody lesss howt
through the ekin by radistien (150 Pta/br), by condmotion (100 Btu/he),
by eveporetion {150 Pta/be), Prom respirstion, snd from the dejootu.

The humen body In relstion te the surroanding etmosphore glives
off or telea In heet snd woisture. Thms, the physiclogisel effect of
elimote upon the body depends mainly os the toaparsture and relutive
hanildity of the mrroanding sire

The 5oen sversge tew;ePoture in uen is F8.4%F¢ by mouthy 95.5°7,
in tho axiile s and 99%F. Ly restum. Soversl econditions modify the Pegus
Iotien of snimel best) day end ni ht, egey susoular work, slocp, sex,
reoey idiosynorseies  surrcunding tempersture, seescn of the your, end
certein druges - verietion im the temporsture of mem of 2°7. 1s normsle
Teuperstures below 50°F, and slove 106%F., however, wre ncet den;srous.

in w‘ié wosthor , the lose of body bewt s inorecsed ocunzideredly

snd en extrene sxposure mey rosult in froest-bLitdor desth. liot wssthor,



Figure 6~HUMAN THERMAL BALANCE
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on the other hand, perticulerly whon £t is cotcupenied by s hish pepe
eantspe of bualdity » produses & Yise in body tonpersture owing ic the
intoprersnse with norsel less of tody hoat by eveporsticn. The pulse
rrte inorescen, the Wood pressars deorasses and o Pesling of depression
snd genedel dlsecnlert, or even totel oallapse, is exjerienced.

The result of exect Yalence of heet produotion sad best loes Is
the maintenanse

of the eonstant tempeveturs of the body., The hest pro-
duned Ly the conbustion of food uemelly asinteins the bedy

faaperoture
wall sbowe the teapersture of the surremmnding sirs By werying the olre
ol atlion of ?aimd in the vegsole 4irectly bonesth the ghin, the tronsler
of host snd « grsdust eceling 1s effected, *hon gufficient sooling is
not provided Por in this wey, thessset glands trke u; the loedy previding

solistare for svsporstion.

Bainz: The smount of hest produded in the body reages

fron sppreximstely 400 Btu/br in & men sented st vest, to 1300 Btu/br
in & men doing herd meaunal lsbeors The bhumen body wili geis redisnt hest
50 It ia exposed to o surfsee <t & higher tespersture than thet of the
bodye Por Instenes . s vody alght galn os ouch a8 1000 Rta/br 4P 1% i
expeged to direest sunlights Inside wells, floors, snd eeflings «ill rae
divte hest to the body 1 tholr teuperstures are higher than thet of the
body s

Heot ip sloo zetned by the body through comvestione thet i, it
fie onrried to the bedy by the sir sround it vhen the lumpersture of' the
sir iz higher then thet of tho bodys This herpons rerely indoors unless
e porsen le siending direstly over ¢ hLeator or in the peth of the wera
iy atreem fpon u regleter,

L.o8g: It hes been found thet the aversge normel porsen
2% rest hes the grestost fesling of eocnlort when the body loses ulout
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Figure 7
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162 B far Uy eedistien s 40 Btu/hr by sooveostion to sire and 150 Bta/be
¥y evejorstion of moleture from the skim, lunge end elothings Dve Ds Fo
Tulols found through sxperiasnts thet in stenderd coaditions ef light
olothinge in slr st T4%F. snd 5 reletive humldity, evepsrstive losses
encunt to 258 of the tetel hest loss. Seue, 100 Btu/brs (11),
| Inpensible poropiretion ceours from sll perte of the body surfses
by conweotion end redlistion. iaber end Nutohinegon state thet s "Under
ordinsry stavspherie eonditicne, redistion eomounte for sbout 607 of the
totsl beel loss Pros the body, ebout 240 Pta/hr fros the aorzel person.“{47Tie
To dlstinguish bebtwasn couvection end redietion 43 difficults The retlo
betwoen the Yuwo grestly depends on the conditions of the cavirensent eand
the setivitly of the cubjeote OUre lubols saggests thet 662 is loet by
redlation sad 155 Wy conveotion. it the onset of shivering . tho radis
stion frection dropped te 497 (for the nude subjest) while loes by ocuns
voolion inerossed to 29%.° {1l)e
cmacder o172 ¢ ﬁ %ww - A L #1728 x 1847 q‘mﬁvfﬁw&w
we s () ()t ) e o
z 199 Btu/hr ot nerasl teapersture by radistion

Y & rnwwaf - ﬁw # o07 2 1807 x (83-78) » nwmim@ Beta /by
by sonvaetion,

whore we [ind the retic tetween redistion sad sonvection o
bo Sleghl,

Clothing ss en Insu)sting Hedigm: Clething contrels body heet lous

by verving therasl resistenco end Fila ecefTiolent of hest trensfer sorcas
the gkin surfees. Limitstlions es &0 preotical types of clothin: wrs neodew
sary for msisnteining s ressonsdle fresdom of movewent and the theraal e
peelty of the imsuleting leyor saffiefontly low in order o keep the body
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Figure 8
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temporsture 2%t s stoedy levels. The psyohole;lioel end physiologiosl fuee
tore, including sengetion, slse pley en importent pert in the deeign end
meateriel of the slothing wsed.

Le He Howburgh found thet sweating 12 s mejor hezerd in overbeat-
inge (43)s Thie bes been emphesized in reoont dudies of erotio slothing.
To 2xpleing I7 & heavily olothed men in the 2rotie exsrelses vigorocudy
without remcving or opening his clothes, he will eweat profusely. The
water wepor will condense in the ocold leyer of ¢lething =nd give beck
sone of the hewt of condenpetion tc the body. *hen the men stops exers
cising, the insuleting propertiss of the clothes are heraful end heet
1oss iz inereased by the inersesed vuporlizeilen from the dexsp olothes.
The seme thing, in e losser depgree, ven happmm when golng from & werm to
e oold room.

Boet Interchenrest The lundementel Lhermodynsnie prooessss ount-

neoted with heat exmchange between the body and its environment mey be dew
sorited methematiosily by the formula:
el gt s s ES R L0 , where

M w rete of metelolisn (heat produced within the body)

7w rate of storsge (ohange in intreénsie body heat)

£ » rate of evaporstive heat loes

4 w ratly of redietive heat loss or gein

C = rete of conveotive heat losg or gain.
Metabolism®et iz 2lways positives wheraws stors;s hest aey be olther
regitive or negetive, depending on whether khest iz being stored or dip-
sipated scoording %o the rises or full Ain the teapersture of the body.
Gypporstive hest 1o slweys positive in the ordinary onee when the dew
point of the air is below the body surfate teapereturs. This losz ie
belunced by the heast of mstebolism. The heet of redlietion snd conveew
tion ere poasitive when the surface tempereture of the tody L& «love thet

of the surrounding surfsees, snd negetive when it is below.
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opyection: Counveotion 18 the transfer of hest

frem the flow of curremts within o fluld bedy whether the fluld ie ges
or 1imuids  “hen the lower portion of e flutd Yody 1 bested, it expends,
bacunes ligbter and rigess The sccler «nd more deuse portions of the
fluid will rerlece the lighter ones. The sonstent (low, conveetisn oure
rent s will convey hest from the hot surfree to the sovler portions.
The rats of heet guin or loss from the humen body bty conveotion ia

the releted lunotion of lour verisbles:

1«The overege tenpereture of the skin end clothing,

deThe totel sres of the skin end olething,

3eThe Ury Bald tempersture of the eir,

boThe siremotion in reletion t= Lhe body.
“he eoustion derived for e svarsss person and for the eir veloscities
from 9 feat por aloute to 520 fost per alnute lais

%ah.%ff_iibot‘} « #here
u Pete of heat loss by conveetion
2 sworsge fila soefllielient of heat tronsfer by conveotion fron
a clothed Lody end for en eir veloelity of 1 ft/almte in
Bta/hr 142 Op,

& ePes trensferring hest by conwestion in £4%
sir velocity in Peat ger almute

svarsze tempersture of the skin snd eclothing in 7.
= dry bull teaporsture of the eir in 99,

&

(Rl R

$e
&
ta
To doteraine the eres of the tody trensferring heat Ly conveoticn 2,4 we
use the Dutols feramle (11) whish is ¢ funetion of sree of the body iy
Poet nouares, the height of the bedy 2 in inches, snd the welight of the
tody ¥ 18 joundsie

fy 3 0a1082°725 yoti25
‘gnin uelng the Dulole Pormule, we {ind ﬂm\t‘ the convestion of the body
in & stending position ia 93 of the tots) sres Ay®

ntiont The siffective redicling eres ol the

okin end clothing 1s mesumed to e between TO end 758 of the total erer
of the todys. Ihe genorsl emuotion of heat trumafor Wy redieticn, if we



bl e ell sonveetion transfer, lgte

3
o]
gt

i“.“r :v-{ fgi 3% Y ;.;:::g’i‘ } ;‘“e fq’@ [l 'Ngkﬁl‘ﬁ

i X rrie o hoel trensfer by rediction in E!%ufhr g5 [t

g =z { terkun-leltamenn constent) 178 x 10°Y Btu/br £22 ab

Iy = sbsolute toniarsture of the body in ®q,

Ty = sbzolute temyersture of the enclesure in %,

Fy = fector sllowing for emissivity of th: twe surfuoes (body
snd surrcundings; foo conviote blackness of body

g = configuretion faotor or engle feotor Por the position of

the body reletive to the surrcu din: surfsces.
Hatehingon itresied the equrilon o hest radietion In 8 ;ensrel wey, con-

sidaring severel Ceolorgediviel oiler enjinesrs tried to sliminstess

RN

indietion Toustidtiw '

dq = V’%/ 4

Sy o & - -
intenglity do = Y",;;& ’
e

.
~

\

= el
end d7qs dA} oW
Eik \ )

"

58 §

"

thus 8" qs

The shepe Feetor dwoe cos ﬁ;:, als'
sttt < oo |

a%q = Te- Ts* dey X eos g, scs B, din

“

™

o
-
&

gﬁ"

T

sos %; sas #, diy 2 1 cos U, ves B, dy diy
W3 e s~

-‘Tr‘f d i ','.rr;:: \

e
o
£
w“
=N
T
e
&
D
25
i

1 aous ﬁl 368 gg dsy diy

a: el

% . [ Vo 7 P ¥ 1 -
ﬁlg dAl iz (ﬁﬁ 642 2

Thin eceletionshiy g known cs the reciprecity theory end is used to

aveluvi: shape Psolors of = systeam.
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then 42 is osoapletely snelosed by athsgr surfuces, the san of the
ghepe feotore of enclosin, surfsees with Tospect to the energy leaving
ds, should equel 1
a2 aq 3\111‘:1“ s, Mig ax
whleh ia the freotion of hest energy leaving 45 end strikes & 4, while
dqave T 4y (F, 4 ) 1o the eneryy emitted
bty eres 4y in the dircetion of [inlte ares %3" The enorgy saitted by
vna gurlaoee in the dirsction ef amﬂmr wrt‘we san ts eslouletad by
1% 4 fau g where

¥ ta i * ‘éz A{ eos 51:@ 4 day s,

If we oonsider reflcotive terma se hsving no importsnee {providing thet
room surfece emissivity exceods +93), the total eneryy emittod from iy
tc Ay egualsy as e ‘!‘1& 2 ?&;;1% &1
end the net redient trensfer from 24 to 23 18

e g8y 85 Ay P (7.8 « 7.4 )

LRI G I 2
fedueliny, this equation to siaple formie

ez e e h, 4y ?a;g 5 (T, = T,) vhere

by ;["( ?‘!‘ - ?ﬂ]
Tl “"93

If the bumen body & plecsd within seversl coapletely encloaing
tleok surfeces, which sbeord all incldont encrry 4 the rets of heet loss
by redintion from the Lody les
apz0alThER0"" Gy fppl( P (TMemyB) o P (T ber B) o 7 (T betghieei))

shere q, ¢ Tste of hest trensfer by redistion Btw/hr

o, = Fy x the ealssivity of the buasn body
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Ay sthe éffective radietion ares of the skin snd elothimg
in squere fost (m-»m of N

| » l'g’. aix:; gﬂw wnﬂg,mﬂta tw'ean M‘ mtmrahmgo
twtaw depending on the geemetry of the humen vedy end wmlwin@ nﬁwu
Ty sthe sbeclute Seapereture of .the bumsn body °H.
T,4 Ty T, s otougthe sheslute tompersturs of the different
enclesing surfeces ®Re

Fow, if wa substitute for the setusl black cnclosure encther fle-
titicue bleck enclomure of constant tempersture ‘fa. where the boat less
fron the hunan beody by vedletion is the sems es in the sotusl enelesure,
the egquation beconesie

ap 3 A7 (1070 o 4y (1Y = T8), themie

TH 2 U Py T o Pp 8 0 cieee otel) whore

Tg 2 the nesn redisnt tempersture of on environsent (bleck enelese
ing surfuoes).

The neen rediont teapersture, ss deflinued before, ie the temperas~
tare of & unifora, bleck snclosure with which & bosen Yody would exchenge
the geme emount of energy v rediation ar in the setuxl environment.

Por small temperature difference snd st common teapersturs, wo find

an x10°% (nb . 7.8
‘!“ - ?ii |

LRV 39

For engzineoring purposes ¢ the rete of heat loss by radietion frem
the bumen tody in sh enclosare scapletely blesk is redused toie

e Ay (TH=-T)
Comparing this with Hutohinson's equation, we find thetse

‘b*'l’ﬁ"rgaea;
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The ewalort hest zmns is the bulenee botwusen hest less end bect
gulng ®eintalning the equilibrios ¢f ths humes body w#ithin the soxfort
rechone Teperoe Jo Da Depdy sad Ve (o Sadurstiros {Journsl of Nutrition
161555, 1238) demcnetreted , ¥y ex ariasnts with too moronl =08 a2t sube
Apetey the seleticnshiy of the feptore Inwuiwved In Best loss %W 1L o
virunaestel teasersture (200« 4¢ the hact production of the Ba=n wes

rolsed siovs the bugsl levely the soafert sone of essy Yslenee was ahifted

in opder to deferaling the ouzfori zone of thermel bBelonose the

spdncer st rodues asny verlsblesz In order o gtudy ssoh Tegtar eoiape
sindia TFe mamo e Tu Poles of Tew York ex erlamted for soveresl degs
with o nersmed aem fo the Tegs Heegplvstisa Celeriaztar ot saeviromeonind
tenersturas froa 7297. te 9297, Ye slisinsted 2he ffect of elotling

w waing nade suileols o the aftoot of sotivity end Qipoetlon Yo hawing
the guboets in bessl esadition, ond pedletion B heviny the sly oo
well tounseretures idsatlieel s umddity snd of romovesent were levwe The

experinents ¢ ronning Por perieds of tw end thres hours e followed ¢ o=

lizin-ry adjustuent zericd in the box from one to twc hourse. The zulw
Jagt wep vonlortalla s 2eoept in the oold zone, shen he @s@ on the Purge
ef srivering e angd In the hot pons, when he wae sreatiang profassly»
stologizts tell uz thet aen responds o hie envircauent e e
shele rrstar hen I8 e wey 2100 e be pradieted by e kuouledgo of ithe
e reets worisblaz stleh mebe up hle sovivronment. Thepslove . thy eoafort
gunt 3:7 Bo eungldered es the erce shercinh gvaricos is s=ither too oold

aer 4ov Bote
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In the region of the comfort sone, when the eslorimeter tomperas
ware wee cver 529F. and less then 90°F., the heat loss end host produoe

tion proved to bLe cimoet oqusle In the eomflort sone, physicel od Just-

@  meats, through slight changes in the periphersl blood flow end e alifht
incresse in veporfizetion, ere nede 8o greduslly thet we are not aone
soicue of theme ‘love thiez sone, the disccalort of profuse sweeting
werng us to slow down musels cotion snd to est veds =ith less sslories,
The skin &5 kept et & felrly unifora temporstures throush the veporisstion
of sweets. Therslere 1t 1l not en indlostor of strese. Helouw the somfort
gone, however, the bleood flow to the skin is slmost shut off and ithe skin
will not sot s o heet trensfer mediom, but rather as sn insuletor, en
exvellont indlostor werning us to ezercise, don uwere elothing snd eat
*hesvier® foodsa.

Inder norae! sonditions o desths frox sumser “hest waves” where
the tomosreture sxcseds BE%F., seldom exceed J022. Eligabeth Lehickele,
(48) efter stud. ing the osuses of death of 157 young men, put the eguee
tion of the hestedesth line egste

Tz119=-27%
where:s  w dry lult tespersture op,
¥V & vepor prespure in millimeters of merecury

The '+H: committee on utmosyherie comlort, in e reaont survey,

found thet an 885 degree effective temperstore is the limit Por sentinuge
ing light work without immediste physiolepiesl atrsin snd 80 dogroes

sn offective temperature for heewy worke These two elfeciive temjarturesn
should serve ez stonderds in various indusiries.

The limited wnd musliffed conclusions of sPH: reports interessted
the physiolo ists in the industriel heet protlem. sdditions]l thermsl
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Figure 11
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etonderds sre r@qui;‘ad in industry toc eover the extensive reglon of en-
vircnmentlel conditions lyin; tetween the xz;apér limit of physiclogiesl
tolersnce ond the lower linlt of slmple ccafort. 2 definite sclution
eennet be remched without the complete cooperstion tetween phyriclopists
snd psyoholeogists. |

Individual industries interested in the comfort of thelr workers
mast estebl ish prectioel stendmrds qualifying with the requireaments of
esch indugtry. Cooperstion of industriel , mediosl , engineering , person-
nel departmentes, physlologists snd psyohologists iz nesded for evalusting
the suitability of thermsl environments fer work, or z;ast. end the come

{ort send heelth of the worker.

ivolution of the fody Hest Comfort Houation: In stsnderd conditions
where the stete of eomfert sxits, the rets of bedy hest loss bty radistion
in Btu/hr (per °F. difference) batween the clothed btody surfece teapere-
turs snd the mesn redisnt teaperature, osn be consldered prectioslly cone
stant, Similerly, the rate of tedy heat loss by oconvestion in Btu/hr { per
Or, difference) between the clothed tody surlsoe Lempersturs end the am-
bient elr tempereture dan te taken es constant,

The rates for the clothed sudjeet in e room ®ith eir end wells
at ?’f;at"‘ ¢« BPG1lw

Py rediations gl = 200 5 (83 -74) z 22.2 Btu/hr (°F.)

R |

L]

By convectioni qel =100 & (83-74) » 11.1 Btu/hr (°F.)

( , :

1134(7), « T,) ¢ 22.28( T ~art )z ©

AT& &
- Anrt 2

‘!‘% -AT_ ¢ B art ¢ & wvhere ATg ~
rEE R ) -
- Anrt
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%Exgwﬂ&am%l work done by AEEIVE lm‘iimétas thet & ehenge in mart e
1%, recuires sn opposite ohenge in elfective air tempersture of siproxis
mntely +5°F« The tﬁrﬁ *affootive tompersture” inoludes the influence eof
huaidity tut within the range of inside conditicns usuelly found in come
fortatly heeted or cooled roems.A0.5°F. effsetive temperature ahenge
would represent & verietion in the dry lulk teajersture ofie
1a75% X o5 & 99 Fu

ord Boustions Thomes Bedford found thet 19F. chunge in the dry

Gl teassratare required en opposite shenge in the mesn radiant tempere~
ture of 197, 7The following equation 1e bused on the theoreticel solutien
of conflort relationshipie

t, = tedy surfsoo tempersture g 20 t, ¢ oSh nrt » 25.9

Tbe epproximete releticn enn be considered sss g, » art p 130
whore mrt g mesn rediont toayersture g?hl tl * ?53 ta - Fm? tg o seot@a

?dl {e the shepe Feotor of surfeoe ) ¢f tzmporeture t;u

The shepe feotor reletive tv the surfees wres hsz elresdy been
eslonloteod and plotted &{n dis;rems Ly ZAeter & Hutehinson (57)e The
eveluation of the shepe fantor with the husesn body as the saulject, with
roforence to eciling, floora, end walls, was trosted mecurately.

igiont Prefessor C. Ceo Huokey 4 ¢f the Core

nell iniversity Tn;ineering “xperimentel Stetion, found thet i weo aldd
the results of heet loss Yy eonveetion:

Ge T By ’Qg{g(tb'tu)

tu these of the equation of pedletion hest trsnsler:

wo crn abtslin the hourly rete of hest tranasfer (less) frem the humen body



e

Ly ecomiined ounveetion end redistion:

Qg = G, ¢ 9p T he Ae { v { tbota Y e eb fb ( tbwta Y.

t& end tﬁ with the reletion ol cir veloeity yive us s new item to con-

sider:
t, - the operstive tem ersture.
The oerctive teapersturs is bessd on three meln fuotora: the eir

temoarstare fﬁ, the meen redlent tempersture t_, and the velocity ol eir

R
st the time of neesurement V. The still eir velooclty is V_ = 15 ft/minute.
fssume (irsily thet to, tiha goperstive tempereture tg - tﬂ snd the sir
velocity V. = ¥V 2 15 ft/minute, then the totel rete o heat loss dus to
the cuntined conveetion wnd redistion frea the humen tody is the seme

sz in our fiotiticus euvironment,

In olher sesunctions, in eith=r envirocanment, the hourly

-

loss of

heet bty comb:ined convectlon end redietion iste-
: b/ - % + - b
q = hy A (VO -t Do b (8 -t )

h, iq J;; { t, - to ;v ey fh»( ty, - t° ), then
ey, ﬁb)tﬁ
X&(FO-J;)& {;t&’ﬁe"{g

{—'" e};‘ ?‘b
v A s
o By fo

the operstive temperesture

1]

oF
s

(X

In teking r perticuler cese, the operstive temperature of g
stenderd environment (tleek enclosing surf'sce) where the tempersture of
the eir i eguel to the mesn redient tempersture, end in whieh the elr
viloeity esusl: the stenderd veloelity of 15 ft/ainute, snd where the
totel loss of hest from s ; iven humen tedy is et the ssme rete es in

the selusl environment, when the everepe tem.ersture of the skin and
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Figure 12
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the elothin; is the seme in both, then the operstive teapercture ewn te
defined e the sir teapersture t‘ or the mesn redient tempersture ty (23).

Hueh expurimentsl resoarch Aas bson dome iy the 7ierce Labora~

tory in environasnts where ‘ » t = 70 7,
snd v, 215 f%/nisate ,

the result was thet e = 140 Htu/nr
‘and 4, g 160 Ba/br,

if we Yried to zolve the equetiom of operstive temporsture, on
the bvearle of Tleree's rosults in these particuler ocomditions te detere
aine the ratio Letwesn the omiselvity feotor of the body (times the

sres of the tedy) end the convection coeffieient (times tho sree), then

A

s, tht.&sn.mﬁn,m{'t v +533 %

1t is found thet as the ngmmnw tmgnramm inaressos, the evere
eage tompersture of the skin and ¢lething tb lmrunt until tha sone of
mptnﬁﬁ nmhtm is MM¢ ‘There in e Baut relation between
t., and “u whioh leeds to the o-qmﬂca, found mzybrmmuw N

t, = uébt,gshoramuﬁgm ug h&d e8d b e 53

Sabptitating this result in the QWMW tmﬁn sgquation s we find
that 2143 ¢ 4533 tp o [V (220 £, » 5.5)
e T 752 ¢ o084 {V
{(Prafesser Meckey used e j;raphicsl selution, known as the "operstive

temporsturs ohart® , gquelifying with the previeous equation.)
Ignoring the alight 2ifferences betwoen %c and ‘b’ Fileroe Lasbtow

retory stoten, "2hen p siven nmvuﬂw teapereture ie¢ produced Yy low
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Figure 13
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not be tuken too seriously ,.ﬁraw .._unw»n@ ,tk& people spending eight or
more hours indoore, e ag Sawa have u.t wwwn»opbw»t& conseioumens of
the cutside tempsreture durlng this time. If this be sesepted ss feet,
we gsn mes that w Nmo?, ary @ﬂw& teaperatars would be satisfestory for
indoor cumfort all yeer eround with only slight differences in relative
bumidity s 507 in sunaer end 307 in winter.

For exwapler In ¢ survey of twe bulldinge, ssoh thirtesn yoars
old,y in “eshington, Ds Cy with & totsl epoupsney of over two thousand
poople renging in sges fros 18 %o 30, ninety perecent of the pecple were
sutlalted =ith a temperature of 75°F. all seer sround with 507 reletive
buaidity in svawer end 2302 reletive humidity in winter. The salfe lovel
of expogsure depends upen the rete snd duretion of werk end the age wnd
shysiorl condition of tbhe worker. %The relative humidity is the feetor
doteraining the comfort heat tempsrature by adjustment of the indeer
dry tulbe

Co HUBAE 2BILITY TO UITHSYTARD ZATRUNE TEMSERATURES.

The asrecinted Pleldz of medivel climetology (bicslimstelepy),
hesting «nd ailr oonditioning enginsering, physiclogy of body temparstuse
regulation, end blophysics ol hest axehangze heve scopsrsted to give humens
their thermel hoet reguirensnte.

The Lioelimatolo;ist 1s sonoerned ~ith olimstie snd gecgraphiesi
ebporvation end oleseificetion in teras of bieleplesl aba,w_wwgcg. The
enzincer desls with epeeificetion end control of the _snamw»m/umh environe
ment, whioh 1s the elfeet of mioroslimste. The bielogist, uhether he We
morzhologist , physielogist, or payehologist , losks st the chpresteristics
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for resid sntry and exit frea the shuaber, s ahelir scunted on
swhoold v« B & tPetk wpon e Cerriege outelde the shenber. In order to
mler, the cheab or door wer opuned y the surriege rolled lnte positfon,
angnsing the trsek within the csheaber, and the ehsir solled ints the
shembers In order tc induse tharasl Lesseline conditieons prior v satey
mta the chember, ¢ onnves tent wes consirusted to it over the suthop
in the ebaelr esrrivgo. ‘uspension ropes seralitsd 1t to be bolstsd cmt
of the way when mot in use. / thermoststed heeter wnd sir btlower vene
tiletod the tent with stout one cir shonge every two minutes, meinteining
the toaperstare bLetween 30 end 85%r,

2 .‘hn i, YA B L3R

Tunkle end Oler (University of Cslifornia, Serkeley) thesmepile: radice

meter {or ssesursment of the cheaber will esissivity. ¢ thermsl shoiow

aoter { ebsn, Hillendehl 4 Uellsgher wod Londtm 1943) based on the ohange
in the eveling rete of s hested sphore as s funoticn of wir welooity,

go¥e the esuivsleat eir epeed ot o given goin€, The eceling rats wesie
2% imé

SO W AN N ( L2 feat/minate
Te

wheres u ¥V, ¢ mlerc velts recding of teayereture 4iTaronos botweon
*het beil® cnd eabisnt z2ir =t time peye
e V # aforc wolt resding st tine ¥ aim%m
rlp  w dimensionlese sir densities 1%/ft
‘E*!’i" » dimensionleses setusl end ztenderd temporstures in

3 ﬁ'
€ = minutes
The tenparstures of the elr end wells wore messured in « by norus

of mumsercus irchwsonastsntsn thermooouples ccoumseted to ¢ Irown [davtronie
ZelPbeleneing otentiometareil stetion indlesting amodele Sufficient
thermovcuplen wore svelleble to record the temperaturs ot msny dirferent
loozticns within e short intervsl of time. (ne thermoooujplie wes suspendod
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within ¢ erlindriecel doglleswplled radiation shisld mede of cardbosrd,
while others were huny free in the «ir, snd well thermoceuples wers
etlechnd 1o the mets]l surfuoe.

fualdity veluos wore oitelned frem wet snd dry lult temperstures
82 ropd Cron thermooouplese Heroury thersozmetors were mounted st the
inteve 20 the tlower end in the outlet duot leading from the ohembor.
"¢ stenderd wick system wee spplied to one of eseh Deir of thermoecuples,
and s small thermoceuple wee ettached to the wrface of esch therzometer
tulbe Vapor presesures wers resd {rom s sonogrea releting wetelull tea~
persture o dryewet diflersntisl o snd wepor preasure, derived rom the
Gerrler eguetion (Diedorioks snd ‘ndrae 1930), These vl ues were checked
by mesnz of & dew point indloator (Coneral Slectrie Cuate 759938230) to
whioh swapiing stresms of eolr from the inlet ond exheust duots end from
the ohsuber proper were drawn. The scoursey of the Dew ielnt neter is
stout 197, with esreful msnipuletion.

it Skin tomperstures wore aessured

et nine locstions on the tody by mesns of ironeconstenten thermocouples
auunted in Juillesin holders espeeiclly desipned te insure v fira conteeot
by presein; the ‘unction Inte the skin. Tomperstures were indiestsd by
the frown rutometie Motentioneter.

Herdy und Mutols (3§ & 20 tave the Trection of surfsce cres to
every enetomissl region:-

Hesrt »07 Hend ] frm o1 Thigh 19
Cell 13 Peot o7 Trank 55

Henrt rste dats wes ottsined in four weys: the obgeorver teking
wrist pulee rates, the subjeot teking his own wrist pulse, sessurenent
of electyroosrdiosraph recorde, and resding of the heert rete Irom the

slectroeardiozruph pulsvenotery (30 second wristepulse counte).
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Te recued shonges in the oleotriesl behevicur of the hosrt, e new
Tipoctesritin sleetroosrdiograph wce desioned end builte iotentisls,
yloted ap frem the skin surfece v clestrodes of the conventionsl type,
woere elecivanioslly snplified to o level sultsble for driving e Urush
direct inkewsriting oseilloprenhs The Ppro-uency response of ihe instraasnt
e ¢ vhele 16 limited ot the hiph {recuency end Ly the cheractaristios of
the “rush recorder {og. pen Criction) te » wslue of epproximetoly 70 eyoles
yor sooond wnd et tho lowx end to & wveluo of spprozimstely  eyole/seoond
by the couplin, elreuits utilized in the emplilfler. {(Tested by Couneil of
Chyrleel fedicine in Journsl of cfameriost Hedleel 25604 Vol diGai55«194T).

Ploed prespure wes teken in ths proe end posi=ezposure periods
Ly using » stenderd Teylor ‘merodd ‘phygsonsnometer end stethoseupe.
“he operetor sontrolled the presgure in the ouff from his positicn otte

nide the obamber snd listened to the waplilied sounds by mesne of ospe

Gepsdvetery reton e volunes end onron consuaptions were recorded
weon s oaeving siripecshert by e pon ettsehed to the gesometer bell ef e
cloge’ olroeult motebollsan epperctus. ¢ plestie fou les velve sot with
e rubbeor mouth It end e peir of heoss to the gesvaster consleted the
recpliretion cirenlt, 72 sodeeline sboorber in the ezpired elrwsy rongved

CO.. zo thet excursions of the geeomelsr bvell pevs traeinge {rom whioh we

ol inndie

leinsniretion rete: totsl oyeles in onit tiase (ainate)

el goired eir voelume: totel wolume in unit tiae

G wypon oongumption: slepe of wolume ehangs with time do-
torminsd by the aeen positions ef sxplretory pesks in the
reg irstion rescrd.

wort loss wes messured Ly wol hing the subject on & vtanderd

Troter letflora sesle bofore snd alter heat sxposures
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Ly

&

Trtaor sori) 10, 1949

wl et 2Ydelleh Timel Tid

Ststlons Trs Ce La Terler “zoerimontel Leborstory,
Unlversity of Celifurniasg log inrales

fee of fubhjeets 27 veers

adght of ubjeot: 175 pounds

Helght of “ubjoot:s 70 1/ inches

‘grfece ‘roe of ‘uwbjeet: 2.3 sousre feet
Ueen ’abient iir Tenparsture in %7; 150

fenge of Inlet NMumlditles et Vepor resmsure g 4% in. iHge
312.&5 a@n ﬁi,;’,o

Durstion of Jaxposures 2% 1/2 minutes
Llothings Irisf cotton sximming tranke only

01l Teaperstures el te g 1304 the well tempersture ty
re,1dly spprosched nir Uoapercture end t xt.s)00°7.

e dowvemeonts Tor tﬂ
?;‘

130
4506 Pt/minute
everaye of position effuct

oo

fuaidityy re e funotlion in swset lose, deopends on tha ealient
tompereturs snd the duretlon of or toureie
"eger U - ’15 * 1‘3 *wg‘

P as timewwe i hted sversge of chuabor velor [ros-
sure {inohes Ny}

Pygz sveregs inlet vepor pressure (inches Y o)

{Thers was no d17ficuliy in mossuring wet duly teaperstures up
to 120°7, ey Buldb)

The setuel sxporiment proosedings were timed as followe:

1390 ole “ubject shecksd with student heslth ¢ffiee for spprovel,

raported to laborstory ., dieroled  inperted rectel

thormosouple end wes welrhed in the nude.
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Figure 15
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30 = 2300 oenma Ckin (herasgounle hernons wee wpplied, suljent uwse
drosaed ond woighod with slefthing. o wes then sosted
in the oheir nmounted on ihe wheeled eerringe end the
canvre tent wes lowered cver the esrriege.

‘ntleot recsted while Drewexposure asessuressnts of skin

tampareture, reszirstory reto snd wluaec e ote. wers
Coaligrne

B30 = 2389 ome Tenl wee reisody thermusou le lowds otlo. were dlscone

nectedy end the saubleot rolled ints the chember whioh
hed besn presoonditioned to (ke desired toaporeture
lovele 7he tims wlook weg sterted as the door cluved
on the subleet, Lesds were resonnected sad the o arae
tors gierted o fteke rosdingse. The [irst ten creture
resding wes tolen ot the end of one amisete Liuvsure
wnd 81l vsluee obtrined «ilthis thii pinute wore revordod
oprosite exposure time le  Jkin tonoerelures wWors ree
corded every o ainutes.Doring the intervsls bLelween the
rosdings , the wilject wea diresied to Lrecthe threugh
the velve set end poriodiesily auestioned regesding hie
sakleetive fael lngs end recsotionz.

SALE w 32y neme 1 the end of the sazposure tise, conneetions to the

et dsot were bvcken, the Jdoor wes opened wnd ho was
roiled ocut onto the cerriege. The éiayaaﬂ timg,y o3
shown by the elocky was racoeded st the ingtant of
rogoveles  Jhe syt leet wes welphed , wndreseed ¢ Loweled
dry o end veisbod spelne Fe wae thon ellowed o ragt

= o besoh roba wbils Tarther asezuresestes of the . ulne

rete wove sede unitil his moermel condition returnod.
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Figure 16 EFFECT CF EXTREME TEMPERRTURE UFCN RESPIRATICN , HEART RATE,

LRD SWEAT RATE.
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Heart Antet {bents/ainute) g 5h.7
Reocovery Yesrt !ates (beste/ainate) g 140
Tulse precsure (Disctollie pressure) g .62

Tresth holding (seconds) g 18.5

L3

iversge shamber air teapersture ®F g t i renge 171.0~183.0 meen 130

' Vepor Cressurs of Inlet iy (in.Hg.) =2 ‘E*ﬁ: renge 480,49

Vepor “ressure of Cutlet 2ir (in.ig.)y P! TONEE +60=471

et Dult Tempersture Cutlet ®Pe wB i renge 91 .0e¥3.0

Geotel Tompersture ®F, tr g renge 98,2«99.7
Uosrt %ater yre g 54, ost g 114

fude toight Losgt AT Lleby A U hrs re? e 120
Skin Yempersture ®F. g t, pre « 92.1

Lxperinent luretion: 29 1/2 ainutes

nosn 48
mesn 67
noen 72.6

Ontmtel 2 | & |6 | 8 10|12 | 14 | 16 20
8o %%, [93.8 |94.8 |9sa 968 |97+3 99,2
gxin Semp _

# minute| 23 2k 26 9 293

t, °F. (98,3 [|98.h (9847 [200.1 (30044
skin teap

fros Lospired sir Teaporsture:

Zoge brecthing: {efter 7 winutes {i:::::ﬁ :g: igz:;e

{ i;mma inhe 1531
mrw oxhe 11541

{arter 8 minutes

. . , : internel inh. 1153
Houth Lersetbings (efter 13 ainutes {{nternel oxhe. 10043
{ ) partsl inhe 125.7
(efter 15 ainutes {portnl exhs 105.0
Lel'ver 1) ainuves (iatern&l axhe. 10O

artel inhs 125.7inheled eir’.
(efter 15 minutes {?&rm exha 105.0

tegpirstors Neet(

caprired sir teaporeturs "5*“-»1‘1 ® 157V



Tl # «67
vpter vopor pressure (lnoh Hpe) (¥ . = 187

w,ﬂﬂ z «&3
Volune of exbeled eirs V_ 2 1549

Gy & ¢ 134 respirctory heat exchenge

tmCenolusions Cron giailer saceriments: fesalts of lavestig:tions
of humsn wespense o hi kb qu.: of environgentsl teserstares sre re;re-
sonted in relation to the tolercble limitz of heet exposurs. ‘ome indie
vidual experisents imvelving the sutbor ss subject (of which the fore=
golimg ie on oxenple), consisted of aultiple exposures to air teaperature
levele of 100, 140, 160, 180, 200, 220, 240, =nd 25C degres Fagrenhelt.
HBumidity of the exporimentel environaents wes deterained by the stacgpherie
hunidity exlsting et the time of wsoh expesure, ss mcdified by the mvis~
teres produstiion of the subjoote

The secorege banidity during best siposure ranged froa 29 to o9
inohon Hie vepor pressare, but in most onses was of 3 inobes of aeroury.
"811l temporetures spyroxiamsted the eir teasercture to within § to 10%F,
in o1l experiaents,

The physicloglieos]l resotions %o the heet exposures vereiw

e=The [

n Teapareture roees contimmously darin: the suposure,
the rete beolng suoccessively grester with inersaasing sablent tenysrrture
levels, Hoxioum meen skin toapsreture obssrved wes waqam. s resched in
en sxposure te 250°F. with standerd slothing (nedies welght wool snd
sotton usion sulit).

beThe Hourt Apte ineressed in the szess senner es the skin teue

pereture , nsuelly resohing rates of 140s160 bects per amizutes IThe manri~
mun heert reto chserved wes 177 tests per minute.

o~The

Eloed Preggurg chengoes showed prester individuel differences

than other shysiologles) Peotorse. Systolie pressurs rose during expos: we



S3»

in 21l ersog, whila diestollie pressure deelined contimwously In cbe sube
Jooty tut ressinsd reletively n&&ﬂua, or elizhtly elewated, in snother.
Fleotiroserdiosrans token &uwaa& atd :g heat expoosure showed miner

. wefiuticns fron the mormel resting records of the imdivideels, but o
distinat heart duaeges | | ._ o

.- deYhe Zestel s or e #w&amwm woe relativily slight end slow

: 'y 1 i_:§ et the mouth during
shenneled bresthing , responded repidly to the hest loed, sud wes s good
indisstor of theranl styese. Meesurenont of tempersture ot seversl lo=
eetions in the respirstory passsges, indiosted that the mucous meabranes

exort a good regenerstive ilaflusnce.

i . Systeg eontinued to Serve st si avenue
of hest loss even ander conditions eleee to the extremes in theps teste,

bogvuse of tha evaporstive less.

rwihio Hespipetory Veutiletion inereesed merkedly umder hest
stress, often resching veluse twe or thres times thet of the resting
iswvele, even though the respiration rete wes not signifieently sffected.

Ihe Cxveen Consumption spperently follows e line perelell to

ihe Rate of fweet lLoeg wee highly veriable, but .,aaamam to
fnoresse with suoceessively hizher lovels of ambisnt o%&&#»‘»
itig Rate O wu sl Synpere ADR i rog gﬂ% %gﬁ*ﬂiﬁﬁ with

the smbient tomperaturs st s sonsidersbly slower rate «www &r./ the total

loes. ,

|
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CHAFTER 1IZeeTHD BIpT SUWP

fner:y in neturs is not seelly hernossed or conserved , nor is
it oftsn usueble for human purpeses iIn its natursl stete. It mast go
through chenges in kind and quelity, be trensaitted ihrough spmes as
kinetiic onercy or stored In position es a potentisl supply eveileble
% tho time of most need« Tho wngineer, therefore, zesks to provide
sosns by whieoh tho conversion of hest energy own be mede ly mechenie
eel devices.

There are Ltwo mein points to consider in eontrelling ledy hests
#iret s the husen tempersture rejuleting syetem {termesd *natursl sutce
regulator” in blotechnology) sust ocordinete ~ith the euntrel in order
to qunlify verying room and rir oonditions. ‘econd, in erder te sscist
the body mochenism in meinteining en energy balonce, heating systuma,
then ventileting syeteas, end finelly sir conditioning systems were
developed.

In perfeoting somlortegiving instslletions, the enginesr stirives
for the slm es desorited by the LCBVE code of minimum reguiresents for
s ooalort one ndte

*:4r eonditioning is the prooese by which sfmul tsne:cusly the

teuareture , nolsture ountent , movenent end cuslity of the

eir in enclosed speoss intended or human oceeupency may bve
geintained within remired uaitm'»a*ﬁ% Trmsaetimw v

Vﬁlc % ™ 1?}% 'W dindaws

in order tc explsain the operation of the heet pump e ¢ hydrsulie
snelogy of it should be eonetdersd. Ilmegine e comwunity Fift: feet

ebove soc lovel where there exists en unlinited weler sapply. In order
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moenthly tompesstures, length of srowin; secson sad cosurrence of fog end
slosts 7 knowledge of the effect of the feregeing upen the deaign of
the sump iz necessery in order thet it asy be prsotiesl for winter ond
SUABBET GEGy B9L0.

Dete of the delily oyelilo teaperstuore wiristions, & report of the
delly spresd between meximum end ainimum teaperstures wnd » typleel 24
hour chert should be sveilelle.

It has besn found that the edventerss of using sir ss ¢ hest
source 1ie In its universsl avelilebility et fovorsbtle tomporstures dure
ing 75+95% of the hesting sesson in most parts of the United ftutes.
featisfeotory desipn knowledge for its use 18 slresdy aveilsble and the
first cost of the equipaont is lower then for sarth and weter sources.
The uee of elr hest permite the design of sell oontained , Pectory
sesenbled snd tested units. “hen the systen is used for spece cooling,
it foras en incxheuctible hoat source snd o sstisfeotory heet sink.

Ttis syaten elvo hes its drowdecks. The sir temperatures are
lowest when hosting demsnds are highest. Therefore, ite perforasnee
oflolenoy is vrodusede It eslls for = Pulky hesteexohenger, unless it
iz sut Jdown et the expense of lerge cireuleting power requireaents. e
elso Pind that extonsive duoting of sir mey be nevesssry.

be “glors 2 studr of wawcq sz & heat soures would invelve ree
pecrol of City (river, loke end undergreand} ¢ "urfsce {rivers, streems,
end lnkes), end Veate weter with regerd to 1ts meximan temperstures ,
itz cnelity (herdness, other solids, orgenie meterisbs), reliebility

of o constant supply s oto.
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powar consumed by the heat pumpae {Zven theouph the loed imuceoed by the
tllealeotrie houses meets thie condition during most of the heating sone
son 4 ndditionsl loed is necessary Pfor the coldest weeks of the yenr).

The sugpoction of Professer Charlee >+ “hreove, Jr., of the iechen-
iesl mginvering Nepartaent of the University of Heryland, thet steean
powar generating stetiones would Ye good hoat scurves end sinks for hende
ling the hesting end evoling rn@uiramnntﬁ of nearty housing developmentsa
wng & pert of the suthor's study.

Looking to existing gxgapio:. we {ind thet by anﬁng,ﬁka resorvolr
wetor roa justin Dea in ?aggs, yoaor sround éiroacnditiéaiag is furnished
to the lower Culorede River futhority's threeestory offiee bullding. Seo
in stesn clooiric genersting plants, the heet pumpy unit te:es heat out
of the weter and supplios it to the speos to be heeted,

The coefrlielent of perforasnce will te ecusl to the {slsetric
eneryy suprlied plus the anerpy drawn (pom the hest source) over {the
electriosl enarpy &npglioq}; The ocoeiTiclent of perforasnce of the haet
punp will be inoressed by decressing the tempersture diffsrence lLetween
the oondenser end eveporstor. The tompersture of the hest source should
be feirly unifora cver the yesr, sg eny veristion la the teapersture
will ohenge the T. {'s i's meterisily. For tiat reason, end becsuse of
lerge cuentitios of weter sveaileble et high toaperstures at yﬁéﬂtltally
no aost, e favorstle snd sultelle sourse of hest pump systom den be
aeintained., )

%
2\

in using = steem genersting station 83 & source snd sink f&; the
by

heet puap, extended decentral izetion of the stadions snd « aanaiéarkblt

geuresse in the instelled espeeity of these ststione a8 ovmpsred vi%p\“
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present lerge stetions will be necesserye 1If » new merket for sleeotric
eneryy osn be estall fshed by this process, decentrelizetion would spreer
Justified, us it hes been proved to be for verious tueinese gotivities.
In eddition, sny antarprise, wheas ohjeetive coincides with inercased
stsndards , 12 hound to progpern in the loug rume It is hoped thet such
e future swelits ths type of developaent proposed.
de Zoders In s considerstion of the aveikbility of solar energy

we shell Ve eonceraed with four faotorse The {irst of thesd i the clee
ment ol weriatleon in the inoident total rediation received deily, weskly,
seuscnelly , and yearlys The seeond oconcerns recommended desizn velues
for incident scler energy et repressntetive loocalities, with thelr geo-
sperhiesl =:nd sesponsl varletions. Thlrdly o wo must note the degree to
ehich incldent redistion is tslow the recommended Jesi;n welues, e
feetor lnvolving the maximum nombter of consocutive deys of operction,
end the smcunt of thermsl delMiecit. Lestly, we must consider certeln gec-
grephioslly cerrect sress heving sufficlent soler energy for heet puap
operaticn. Under this topic, we must atudly sclor oneryy Yoth vs e prie-
aery and s saxillery heat source.

ts previously ststed, soler emorgy, unless used with an sdequete
storsge systen, 18 en suxiliery , and 5ot » primery o boat scurce, es it
does not fors o hest sinks The use of soler evllectors weeld reguire
aeny earchitecturel revisions. The utilization of e storeges systom,
epereting u.en s heetl, or fusjon cycle, supplied by sujrplesentery hest
‘rom eir or scler gsources aipht e fensibles Hest storsge devives ere
liaitod Y the cost end spece recuiresents , btut ccabinationz of heat
seurses rosult in laprovesent of the scefficlent of paerforasnce over
en ontire hesting sesgon. The dresvbscok would be ¢ grester iniltisl enst

o the svetek.
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foy identiftioetiony Yatorstory test prﬁauéuttca scisture detarminntion
in plese. Classificetion gystsams wre couneerned with a eompericon of
the recoynised systems nn# e systen gvafqrreﬁszr hostepun; work.

In studyiag gr@nnd!wﬁ:r“;yr-aiaﬁnQiyun must note seversl feotoms,
suoh as the Deight of xhﬁ weter tnhlafinmttag,hort the perzsl stsle ond
swrsonel rznat¢qt§an¢)ﬁ tho hert:nntal ar uart;aml ﬁirtalutian ar nel
ral wetor; the sasturstion pereentege of tha serth.

in order to atudy the matursl vertiesl tempereturs gredient in
the oerth st zelected geogrephierl loesticns , we shall noed winter-
month dete (including esrth dats "rom the Cassgrende systen and the
offect of water gontent on the depthetompersture relstion) ond sintler
sumervannth dete.

Feators which enter inte e« study of astursl oyelic tempersiure
varistions of the sarth are depths; delly ayeless periodic (meoning be-
tweon suscessive oold or hot spelle); ssasons) (eumiletive effect)}
vearly {iafluence of the ssascnel reversal). .

The pelnts tc be eonsidered ss affecting the eerth inu@wrn&arn
axd oyelie verietion ere sabient eir tsapersture (whish will determine
conduation mnd convection)j solar heat ebsorption; redistion (including
sueh gtotes s cleer and oloudy skies snd dey and nizht times); precie
?iiﬁﬁ}%ﬂ; suchk as raln, dow mﬁ&'&n@t; sveporetion; wind; end ocenduotion
from snd to tre substrate, |

The effest of the top surfeee must te aansi&érad beth on solar
and other ha: t absarption end on redistion end méhﬁr koat dissipalion,
Conoerned with the reletive offeot of the hest input end withdrawel on

the emrih tesjersture and ;radients erc heset input tests for hest withe
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TABLE NO. %-Effect of Color on Heat-Absorption of Soile (Degree Centigrade)

S il TYrg BAaTusL Cllen GHITE BLAGK

fallow-gcruy cusrtag sand 8.7, 43.2%., 5049%C
hites ey querts sond hhe5S K32 5l.l
Yellow oley bhel L2.4 9.7
Loun hhe8 2.2 57«5
Eloekishegrey humgs 7eh 246 49«4
EBlaskishegrey garden soil 452 424 509

{¢ difference of shout 3%, oxists betwoen the white sad bBlsok surfeoed
saikaﬁ}

TOBLS NO. 3 THLREAL DIFPUSIVITY 225 RVPICTED DY VARICUS CCMICT 19I0HS
OF SLIL ARE YD waTR8 COBTINT.

STECIFICATION THOHY L DEGITY | S LiT.0. el
oon LINTOCTIVITY PC .
AT A1:L S Woioture F3 Dime TN W%‘ i

1u/it-

Pz »

-

v

[

LTy
i ate cusrty 68 w65 10244 5 | L0127
9??* 63 -1?
fned Lux
fine | 32 15

2l
? ‘qg
5

163 208) 1a19 | 008
¥rlate 33 gcﬁﬁ ’3& 199 52& 'GLB
relote 68 97 141.1 32)
210}
fﬁ?:*;;a 68 ‘75 1&9‘5 ’lﬁ
SRS R (1

T
RSN

121 43¢ o5 1% pS3 | .007

Very dry eoil 92 o (.11 5083
{eu0 O3

Deap soil { .8 L 22}
{2.0 LGl )

et nad D450 L - Ayt

MY CLAY s 15% 53 11} b33 |.01F




6be

Buring the perioed from July Am te 13th, 1949, the cuthor aede
soil end teaperstars inf}ts on the gempusz of the University of Celifornie
in Log Angelees Three hélit in numa 4rilled; one to & depth of 71
feot, at whieh point water scepege m romowvul to encther Mh;. one
to & depth of but 20 feot before large reoks breoke the drilling bit end
foroed remowal egering snd the final one to & depth of 83 feats Zash
of thess heles wez ten inches in disaeter,

The writer lowaered glase thermometer, festoned to the ond of »
stecl tzpe, st intervels of twe Pest daring the drilling, to deteemine
e temyersture of the soll et the verlous underzround levels. The
reedings glven in the {ollowinz tsbles =rs the result of peversl ree-
cheokad and sompered tects $nien et this tine.

501} ohersctoristiss tests wore slooc teken st two foot intervels.
Prom t!m:m findings y wo ounclude thet there oun be grest verlenee in
the eharsoteriatiss of the 20il et so frecuent intervals as every twslve
inches during the drilling. During the tests o s drop of 10°F, was
noted within e vertissl distence of two feet where the soil ochanged
from seggy stetes to the wetor level.

The water level on the U. Cs L« 2+ Gsapus varies £ron 70 to
10C feet deap depending on the site. The wolsture sontemt differs
froa month to month ms the soil resches the saturstion point in winter
and spproches the dry stels Iin susser. %hen the lreezing ;mm. is
resched , the flow of hest {rom the seil to the pipes will be affested
by the inoressed resistasnce tc the hest flows
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Figure 19 SUB-SCIL TEMPERATURES AT THREE POINTS ON U.C.L.A. CAMPUS
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TIBLE EGe 5 . CERCROUND DEUTH AND TOMUERZTURE
2T TG0 w8. CHEPUS
DEFTE TYHULRATURE OF, TUMFER ATURECP.
{Pect) PIRIT RELDING IHOOED BEADIRG
BoLE A1 BOLE #3 HOLE #1 ROLE #3
surfece(0) | 80 72.8
2 73
5 T2e5
9 735
10 T35 T3.6
15 74 The5
20 Thie8 755 TheSeThe2 75
a% 7546 TSe2 7548
a0 TE6 | TTe2 77 T7
35 77 78
its) TTe2 T3.8
b5 T8a5 798
o 79 o 80.5
25 81.5 81.7
57 801
58 BOW2
&0 81,0 82
61% Bl.2
3 8le5
65 B81.7 83
&7 20
70 74 83.8
i 67
73 T
75 835
86 82.0 j 21.8
83 76

Botes the tenyersture peadings of Hole /2 were identiosl to those found
in Hole 73 down te a depth of 20* et whieh polint drilling ceased,

Correction for srrors in the tempersture readings wes found to be
+004% ®#. as celoulmted in Appendix I1l.
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TABLE HCe & TIMURA HET PLO: TINE La0 TABLY

éé.&;%&?:‘m} e ?%i@a;&&ﬁ??ﬁk ¢ &ﬁa"iﬁ-ﬁ?ﬁtﬁ LHRY L TINE LaQ  (rays)
feot RABGE “F,. Repar VP, _— T
6= £/Z,
SRR WD R )
Smpfsoa 50.8 898 o L+
«FD 3 § §7e2 2e8 106
1.96 33.7 35.0 9 2.6
S92 258 el 35 hited
9.8 938 Bed 935 106
16e3 Ze3S 2635 1175 1765
a7 «722 «T22 267.0 K70

Thus we Bos thet ot o depth of 2.7 feoety the tenpereture renge is
Fory saslly ouly «722%%., eud oould be negligible after 25 feet despe

~osther laresa records from iosttle, deshinglon, iertland, Crogon,
wid Dulan e Ideho sre olosely roluted. The sveprsge sir temmrastures end
801l toaperuiurs ot depihe of 4 faet, TH Fest, 10 faoty 24 fest, end 50
fort wore rec@rded of Interwels of 1 alnutes ond evereged for ogoh day
evst a pariod of Yes yosrae The preph sheas the ralstion of these reccrds
with the dula of aurfees soll tmspeprsiures on clr tesperciurs. it the
thyae altan chosam, there 18 o ccaslete similarity in the teaxpersture of
the soll «% gcertsein depthae The tempereturs ot the 20il swrisse followed
oloasly the aversge »ir teapersturs while pometices 1% wes goverddl degvrece
higher duo %o hoat sheorbed by rudistion or othor mesus.

The unuensl ainisus or meximon westher resords asde » tenjeyatare
wePe ¢ whiok wan mw rother aslowly into the grounde sppesriag 1later
at » grostor dopth with 14¢81e clienges 2% & dopth of 40«50 fest below the
garfzes o the ground, the soil remsined very newrly st s constant tens
raretara.

4 u mesting of the »SHYE fu Fortlend, Oregoen during July 1951,

“rofesger deergs Ne Gnith, of the Mlestricesl Inginesriny Tepartamt of
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the University of Weshington, presented e very interesting method for
plotting the tempasrature rcaoréé& et Seattle, Washington , where the
lag in the chenge of tempereture at the various depths 15 olearly showm
for isothermel temperature lines. There appeers to be, in effect, s
lez of st lsast n yoar, sven st the 50 ft. level , as indjonted by the
rise of S0°F. tempersture line neerly e year after an unumally eold
winter.

#ith oontinually recorded teaperatures at veriouas depths delow
the soll surfsce, the transient gtaete of the flow of hest oan be deter~
ained by knowing the theormel conduetivity end diffusivity of the soil.

Using the fourier differential ecuatien:

. . 2
a2 thergal diffusivity = K = XP

(fe.2/nr) Sl 47TIT
where:s K g condustivity
P x time for one oysle of sinuscidel temperature ochsnge
t & time reguired for a given temperature
x z distonce either upwerd or downward
C,.» spocific heat

The greph of scil thermel diffusivity relative to depth eun show olearly
the reolastion, assuming thet soil charsoteristlies do not ohsnge.

In many i@#alittal, the rainfall oerries a considerudle smount of
heet into the meil, snd the ground moisture, dus to the rein, will inorcase
the goil's cepacity to meintain this heat energy in storege. Tho amcurt
of hest edded Ly rainfell osn resdlly be computed Ly ueing es data the
wel ht of relnwetler felling on esoh sguere oot and the diffeorence be-
tween the averege air temperstures and the tempersture eof the 201l
(essuming that reinwator tempersture is spproximstely the seme as the

alr tempereture).
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Figure 21
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The totel Lest sdded ts the soil will, therefors, be sguel %o
the heet zalned Yy redistion plus the heat gsinsd by rvainwster whish,
to 2 serteln extsant, c&»mm ths toapersture drop osused by opsration

of the map.
Be THE RUCHMICAL #ND TECHRICAL 2204CTH,

Lot us Tirst consider the meebanlonl end teshplesl protlems involwed

in using g,m aatursl hesi souroes end sinka .,w-a.w_ dissassedse
i &wﬂ. Proesedurs ror ngﬂgﬁmﬁa of winter-summer ovil desipgn

ounditions ?«.&.3- such wﬁﬂwa o8 rel nw:o anpecities for eveiporstor
,.5& &ggacw BeF ﬁn«»m n»-. %nﬁﬁﬁg g @ﬁ gﬁ%. @wﬁ%&uwﬁw gasatitise
L wo%wqgm ﬁ& the 95.03 of wet buld ﬂﬁ%ﬂﬂ»ﬁwa ﬁxﬁ aauw u%ﬁ»@.

seversl fastors whieh effect frost forastion and eceusulation ine
elude szw»s»am:aam n_.w the enaw w&iwavw»ﬁ_ﬂo. temperature of the alr upen
sutoring sad leaving) ecatent of ﬁg,_.ﬂwgu vepor in the entering eirg
fog snd sleetl in the entering eirs olr velocity: dust snd vepor prevens~
tion w,..w ite uirp the srrsnpoaont of soreens end iulet leuvers. .

Ty pes snd properties of froet inelude granular, ma.ﬁ' ice Pilm,
sonsily snd porosity ¢ end therael conduetivity« The effect of frost
scoumilation st be cunsidered s to Ltz 6ffset on air veloeity end
suentity ¢ 05 heat tronaler sesfficliont Por the a0il ¢ sufl o0 hewt punp
espae ity wand the woelficient of perforasnce.

{ypen of eocllds snd other oveporsterecondsaser anits to Le notad
sre: extended surfeee oolls A%Fn@ﬁ v plein tabes {1007 priacry sarfses. .,

shell aad tubs with elr flow through tpbes, eyl indriecl shellz end flat
serfeces (1007 primery surface) snd other typess The teram *fingle
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wopter without ﬂfwmtm (ﬁ%ﬁ ‘hnk) tam to deplotes the suzply.
“votiems of mrmsim md np&mzs 5? ths ﬁﬂ‘@iﬂ@ wqaimmt meks thoe use
4_-01' %u‘wtx; Punped m: vﬁor aa A mmy wf hﬁﬂ tar unimﬁial PUNGS
‘taprastiosl in the leny rune o S

in using ménrgmmﬁ water whish 1: mt Wnﬁ s heat sourcs,
the hast exbbeAger sen be md, u’ &u ammnaﬁ wator o evaile
abtle sand elrouletings Heat exohenge fluld may evasiet of water or a
speolel sclutions in order %o aweid the danger of {ressing, s pre-
instolletion knowledge of sny stativnsry undergrcund weter 1s deslirablse

2 wotor snslysis should be carefully ede for possitle sheales)
treeataont recuired to ymtu;s the mstele of the paap systea. idvice
of purveyors end propristery sompounds heve btesn Cound 4o Le aisleeding

and prejudiosd. 4is o well water, 1ts use will resuit im the sorrosien

of metalss Ntsel pipe csn be used, execpt in the pensl piping (whish
ut§lizes wopper tubingle The systeas should be regularly trested with
modent amounts of sultable chemicelss Uell weter developaeni should
prevade deoisn, since, in meny iveelitiss , infovaction bazed v the
porforasnce of wells in ithe vicinity mey mot sompletely spply+

fend traps (suob s8 settliing 'ﬁm_ka} in the well ui.;w., ure jnetie
f'ied y evon for wells sppsrestly eatirely iree of ssnds The shalts of
paaps which hendle well water sbould bo sede of herdened metala, sanh ss
stelniess stesl 3 or of the aclybdenum growp of elloy steels.

in the wee of waste woter, a knowmledge of fadustirisl plents, power
pieots ¢ digtribution economige snd sowegs, the use ol seajiary sad stopm
mméﬁ. the desizn <l shellow dry wella, slush dispogsl poseibilitias,
the effects of dispesel wells on sapply walls, end the resirictive
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Figure 22

STEAM GENERATING PLANT
ADVANTAGE

HAme = i
{ R
_ —
M OTOR TURBINE [C
i
pr D e

— 1l

DIRECT HEATING

L

- X TURBINE
GROUND pPIpf TEMA '
l JH“IIH:j:H
F

JEAT EXCHANGE] FROM THE

C.0-P ¢ SIZE W Kwr

TO THE .

|
—— — AR

C ONDENSER ﬁ
COMPRESSOR —
/;//{ \\\ 4\\\\‘ /'s\\\ /\\\\\ Pz \\ /Z' \.‘\ //‘\ N X - ‘\

—

INDIRECT HEATING




82.

seapon ¢ Ioop water, by paseing through the stesm condeasers of the lure
togenerstors ¢ would serve ss e euoling weter ocudenser end else es hest
souress far tho hoet Dumspe

“ith the heet pump at the oenter of the loopy the teuperature of
the loop wetor Lz essily ountrolled by repulsting the reto of flow snd
by aixing the leoeop weter with ocld water ros e ecoling pond. During the
suszasr acntha , the loop weter becomes s heet sink for the hest pumps end
L2 poaped cireotly %o u sprey pond (ecelin; tower), thus byepsssing the
etesn condensers.

“he heet, §n condensing evolling weter, mogt nearly sp:roeches the
initial heet scurce for the pumpe 2lso, It iz Juet es *free’ ns the
neturel hest scurces. The loop weter ig not affected by climetio condie
%ions or loesl legal restirictions, snd ginoe its temiersture osn be oone
trolled, 6 hizh coefflielont of perforacnee osn be obtelined bty 1its uss,
s fector whioh would minlaige both the size of the unlt end i%s power
eonsumption.

Lot trensfor letween weter snd the refrijersnt is espeoielly
saltable to smsll end efflclont heet exchiengers. GCoeling snd corrosion
of hept trensfer surfecos ere kKept to o miniman. The pressure drep of
the refri srent is sasll in relstion to thet in ground ocilse. in sddle
tivny wmuch lesa refrigerant is resuired. lHowever, the eypliestion nast
o oonlined (e en wree Llmmedliately surreunding the plant.

uesticns arising in eonnsction with & pover plent sized to meet
ths demends of » houelng preject include the Follewingie

“#s Turing the coldest weoks of the yesr, additionsl heet would

bte recuired. “ays in whieh the deficienay cwaié te met lnclude saxil iory
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hesting with low pressure stean from the turtine, tappingeup with
electric sgtrip heaters, or teking an edditionsl leed sash es from o
nesrby sheppiageember. The lsst would seon preferedle.
be The cost of gemarstisg power in the smell ylent is to de

considered. tlthouzh the rmiti.a@ savings alizht be lerge, it fa not yet
;muihl& ths& & a%all} ﬂmt on gw»nw and dutrxhtn powoy as shesply
o8 & lorge central stetions 4

If we sonsidered, oo en exemple, the stesmvelostrie genersting
plents 4in Enw%n, ¥erylend o the agg,gngéh rated espeelity of 462 ,000

kilowatts are as follows:

agtport 125 4000 xuemtta at 25 eyoln
. 125 000
Riverside 120 00 ¢ 6& »
Uould Street 72,000 * 6o -
Fratt 5Street 20 JL00 » as hd
Totel 462 HOO Xilowetts

The 60 and 29 eyoler are tied together by 30,000 EVA freguemey changers
Joostad at the Ssstport plent.

If the generstors require eight pounds of stess for svery kilowstt
hour (eversge for acet generstors): then,

462,000 kw x 8 1b. (For every kik/hirlg 3,496 H0O fﬁa .

Rormally ¢ the stesa 18 dimchurged et wn atmospheric tempersture
of 79°P. sand of epproximate enthel phy 950 Biy .
hr

“1xty thousend Btu/hr are reguired for hesting n welleinsulated six roem
restdenoe of aversge sive, when the sutside tempersture s -30%7. 1If
this $s iruey then the plants in Baltimere could supply hest to 50 000
houes snd onder the ssae principle, the three tarbines of 200 PO kw
esch in veshington, D. C. oould supply 764000 honess
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ﬁﬁ@ﬁ% ke = §- : t‘% ’&@aﬁm i; Lo
kw hoar

b 4300 00 x 250 g § 560,000,000 %;%..
r
g 76000 henes

Could this ensrgy heet be stored or trmmszferred to other forms ol energy,
we would heve an endless mapply to drew upon.

e Soler: In the metter of soler redistion ebsorbers, we shell
ggein note four feoters, Inoluding firstly, the definition and sharace
toristioe of an idesl ebsorberj acoondly, the deseription end perfore
asnce cheracteristies of sucoceselfully used solsr slzorbers; thirdly,
the trestment of sbeorblig sedisy end lestly, the plecuaent of the solesy
shsorber. Under the second itea, such aquipment ss plates, tublng,
irre;uler surfeces, filled trenslucent blocks, sirror«tyre dovices
{plene, perestolic end other), other solar sbsorbers snéd the feetor of
the eerth, both treasted end untreetsd  suet be studied. Under the
third ftem, treanting of sbsorbing medis, we shell note both surfece
tractasnt , end trantment of mese or ey rogstes. Uitk the fourth peoint,
placonent of the soler sbsorter, we shell study loocstion (sa relative
te the Luilding) , orisntetion snd the mmgle of slavatione.

“hen we ovme to the hest puap plokay deviecs, we note tws points;
Tirstly s sipl fcation, s ro rrds use afv the device _m ecabinetion with
tie soler redietion ecbeourter, with e eollesoting device or usdiom end
with stors; ey secondly, the kind end design of the device.

in & evnsiderrtion of solur energy storege, wa ere oblijed to
consgider suck Pedlore a6 en Ldesl ators;s madis, with its chealcel snd
physiesl propertiesy exlsting stove:e medie and proporties, suoh as

liguids (water and other)) chealos) sompounde with phese ohenge, including
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possibilities using hest pumps, humidity control problems, hoae dssigns
to tuke adventepe of hest puaps, the possililities of ecmpinetion units,
snt snelyeis of the affest of #urxgs on perforasnce snd a theraedynsaiec
enelysic of hest pump oyeles,

Investigetion of gas, vil end sosl cs primery energy scurces
stoald be undertsken end the eccoet with reletion to hest puap inetelletion
comparede.

Cther technlesl protleome to be et ereie

ewiutosstic defrosting
be ititometic onpeoity woduletion

{The response must reverse from soamer 0 winter conditionss)
o futometio awitehing
d-Conpressor asleading end seguenss atartiag of euxilieries
#=tutomatic reverssls of refrigerent flow
f=Dissipation of losses from suxiliery motors
gellclse end vidbration
beliarvicenbility (& vitsl reguirement)

€. AIPLICHITION 28D CCEY,

Contrary to pepulsr epinion, the sdvent of the !%tu,t'» Puap depends
aveh more upon the econemis fectors invelved then upon teshnologlesl
sdvences yat 1o bve mpde.

l-indugirisls The Industrisl arplicetion of the hest puap should
be coneidored firsts Une ilmpzortent point to note is the fect that the
boat pum; has not been ased in industry in this eountry to the extent
pessible , In sontrsst to Switzerl end whero thers 18 e seeroity of ordle
nery faals snd sn adundene of weter power. oesaidly, in western mnd
northwenters pertz of the Unlted Dtatee, the hest pump will find inorssse
ing uses in industrisl processea.

The wmmtn?i_m”efpok@ians, paoh ss milk _,' frult julees, eto.,

ie en industrial m:ai%iuty‘,f‘ar the hest pump. This proocess cen de

porforaed coenomieslly by three methodes .
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this iten resched thoussads of dollers per sunth, the compeny instelled

e 507 heat panp to provide 1300 eudle foet per minute of dry wers sir

st o pressure of seven inohes water gsgs foroced inte the osblewsy syatems
Eince thic heat pmmp Raes Yeen in operation ne condults have Leen ree
pleced and ell manboles heve been éry and easy to work in. {ﬁ)

Por the Cregonien Bullding, coapleted ia June, 1948, in Portlend,
Cregon, there wee desijned u device known ss the wsteretoswster hest
pamps This lullding wes esapseielly constructed for s modern newsjpeper
with o deily eirculstion of 219 /200, (whieh reschas 276 LO0 copios en
funday) Yut oleo ovntaine offices for editorisl end btmsiness groups
epggoeinted with the groduction plant. 12 sddition %o thease gt{fmpm
it bouses s radio stetion and studios ocnnected with the publiehing
eperations It wey necssssry, in the design of this buillding, to use
ecmplote slr conditioning, bageuse wentileting courts had beon elimie
neted in order to fevil itete the uninterrupted flow of materisl ia the
meohenicel processes of putlicsticn.

inelyoin of the hest punp loed of & LO0LO0 Btu/hr for cooling
snd % ,8000 000 Bta/hr for heating wes made for the tuildings Three weter
wells wore drilled, two to s depth of 200 feot, with the wellewator
tompersrure st 55°F. fn 0old months, snd the third was drilled te 930
oot with the well-water teaerature at S3°F. in the hot months.

During the hesting sesson, wellewater from the 200 ft, depth
suprlfed the setiling tanks. Yellewstor &t 5577« was pumped to the
suotion of hesting puap to s condensor. 2‘5- walor travels {ron the
condenser to the hesting ocoils and then to the deep well through e

rol lof valves
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Figure 23
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te the outsido tespersture rises, or es the voeling loed beceae
;PEetor, «n lamerszion thermostet in the return from the ocoling amllq)
tock over the condensing unit coperation through the step eantrallar;;///
end sslectors Cortein valves were ropositioned snd the ohilled water
cireult becsne & clored systea,

“ne Pestare of the heet pump sontro} wes w provision for closing
the welves in the hot end e¢hilled lines to the individusl msehines
when s mechine wes not in operetion. This is « Taoter wich prevents
the mixin; of vetorn end discherge wﬁtar wnd the resulting extreme toae
pereturen resjuired from the seohines in ecperstion to anintsin the ten-
peretures st whioh thers wore two theravgtatic oontrolae

The ehsngooveras woers completely sutomeife and no wuxillery hest
was previded. testing wes lergely byeproduct, es e sup)ly of by-produst
heot wee eveilleble from the cooling, msde possidle by the hest pump.

¢ ¢ primery esxplicetion study of the heat puap

should Yo in reletion te itz ebility to provide satisfmotory results
for the srivete hoese st lesgs ocoat then presentedsy heeting ané sooling
asthedss lLers epplicetion probless inwelve s study of eomlorty regulires
pents in terma of heet suamp cpsrsticn, sn snalysis of sir distribution
gyetens ¢ the deterainstion of nolse snd vibtrstion requirsaents, the
ecllection of porforasnce dete, the study of service probless, and the
poseivilition of epplying heat puape te existing homes.
helogts The heet pump te, of cvurse, elaply e refri sretion

unit with sn electric moetor, coapressor, condenser end svejorstor cper-
sted to neke use of hest. It msy Le used to cool specs nseding ocndle

tioning in the suamer , ez it hests in winter bty cshenging the funetlions

T



93

of the ecudenger snd the eveperstors The heet loed ssrumesd for the ccoling
loed 1s SO of that sswumed for the hesting losd. The expenee of the iniw
t1sl instellstion of the hest pump iz still hizh for prectiscsl overssll
age for Msmtrhi snd privete purpogeas These conditione will laprove
e8 Wuilding ecsts deoresse generally.

teather buresu records ol'fey & rather simyle mesns of selenleting
the approxisste perecentege of the totel monthly time in whioh the host
puny will operste, by supplying hoat on the basis of the sversge coldest
dsy thet mey Lo expeoted ; csloulated from recerds of severcl yesrs
previous.

Sinee the heating aystem must run alwest sontinmously on this dey,
the degres daye lor this sversge coldest deay mulitipiied by the number
of deye in this month will give the cquivelent monthly degree deys. By
dividing the westher turosu’e eversge degree days for the mouth by the
ecuivelont menthly desrec dsye end multiplying Y 100, the pareentsge

of time the hest pumsp should operate in thet month asy be ssesrteined..

AVERAGE YEARLY DUGRET DeYS IR THE ONITED ST/TRS FCR £ PRRICD OF 8O YRS

4lente j008 Cleveland amn Hew York £506
Boston 5953 Cenver 5843 Yeow Crlsanc 1208
Chiengo 6287 Tetrott 7989  Philedelpbils 4749
Portlond 5379 8sn Frencises 3143 st. Louils o

District of Columbis KOKS

$etle 8 rvosm CORSUMPTION POR VARICUS TYFLS OF BUILDIEOS
(pound per degreewday per thousand cubie ft. of heated spsoe)

tpartment Buildings 378 Bsnks «88
Res idences S le32 #eto Seles & Berviee o83
Hotels 1ehé Reliztous sssemblies 50
Printing Zsteblishmonte 1425 Depavrtument Stores 57T
Cluks & Lodges  e96 _ Garages (Storage) 42
aatnﬁi Ji«zm;, Theaters .90 office Mﬂm 979

Left md mmm Bulldinge 09



Figure 24 CCMPARATIVE COSTS CF HEAT CCNDITICNING IKSTALLATICNS
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s en exsmpley, 1ot us sgsune en offles bulilding baving 1,200 OG0 euble
fuoat of hested gpeoe; then the sessons) stess consumption in Weeblington,
Te ey on tre banis of the lest 1750 record of degree-day, would eguali

§ Oh6 x 1,200,008 5 978

1 4000
or 4,730,000 pounds.
Using the ocefficient of performsnde (Celeie) for euvapering the

sost of the hest pampy with other heet econditioning installetiona, snd
sssumin; thetl essh 1 %w hour enerpgy deliversd is equivelent to 1 theoe
reticel Lo e'e for direct hagtersy heving the sscumptions ofs
3513 Btu/hr 2 1 Fw hre g 75 oents cost (5P retal.
txperience indloates that the sverspge Cules for many domestio snd
conmareie]l hest pump instelletions Is epprerimetely $3.30. The greph
conelders this sssamption in showingse
Hatursl gee of efficleney SOT end 1,000 Btu/outie ft.
C1l of efficlsnoy 20¥ snd 150,000 Btu/gellon
Coesl of efficisney 757 end 12,000 Etu/lh.
Cenerelly o the heat pump cen beocws ccapetitive with other fuels on the
Lesis of opereting costs ot e power rate of 1%, or less, per kilowatt
hanire
“ines thare le spperently no soricus en;insering problem invelved,
the overesll ocet is the principel fector alfecting the Teasibility of
itz eplicetion, iovever, the goste ghould deeresce eonsildersdly through
mer: production end remssrch.
To sunnerize, the heat pump ol Cers a olean, cdorefros hest, alisi-

neting the neeeseity for s chianey end the use of flixed doublewplnzed
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windows , gives the sdvsntage ur atsé-m windows w' eliainsteos oliding
sssh goeta. 1t effers lowsgrade hoat of srester somfort, with sire
cenditioning both wiater ond susaer in e single unit of one priece.
Eeet sun be delivered quickly, es thers is no tiae leg inwoived, and
there sre noc waste products to bde disposed of.

£ UTILIZATICR OF WERTICH, CROUND #I1PE.

The sapect of the heat pump in whioch the suthor is most interested
1 the utilizetlon of ground heat for its {netelletions is muok resosrch
fe boing done with horizomesl grid tubes buried in the greund, the suthor
studied verticel pipe instelletion end its evoncmies in voapsrisen with
other aothods of utilfsing the verions hest scurces for the heet pumpe
Its size wers to deteraine the guentity of heat the pump esn sapply end
the eosfficient of performsnce for soverel veriestles.

The reversel in the eyele snd restoration of the hesat in the
ground for more effioliency during the hesting sseson end et the same
tine , use of the heat pump for ceoling Purposes.are sonsiderod in this
rosesrch in their pelstionship to the controling fastors of elimete end
aoile

Heet sbsorted by eesh gquare foot of soil esn bte csleuleted from

32w, | 20

wheret Ze hostgPtu/ll, Ky conduntivity, sexizum tompersturse
iu eres (senere ft.), u g diffusivity '
Fg duretion of einwsclidel tesporasture veriation.
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in mogt teoaperele elliacten, relin during the heeting sesson edds
e gopd desl of hests In winter sonths the sun mey redlete considerable
heet to the e0i)l evan when the sir tomperstures ers rether low. Sueh
sdditions alzht be epproximeted ty e study of westher YWresu records
civing delly reinfull end sunshine dets. fforts were ssde to detoraine
acisture aigration, whioh generelly eide in hest sbserption for spece
heating » snd roverses ite sffect for spese eocoling.

In colder climstes, thoe vertiesl ground pipes of the hest puap
will have the adventege of obtaining the hest from » ;reseter deyth,
thus by-peseing the temporsturs leg which le found nesr the surfece.

In warm owan»«wa. 88 in “eskhington, Ds Cey snd in the Yile Velley.
where the sun shines most of the winter , the shullow pipe will utilize
the scler w@mu@ma& hest to avoid the effects of this tempersture leg.

in ﬁﬁasmea ayw everage tompersture et eny depth cen be esloulsted
from records %&wﬁw\wﬁ vreration ef the heat pumps The eversge teaperes
ture will bte low after the hest puap starts. Uessuroaenta might well
be apde in waﬂmwan te cover s long period of time. ‘asuming that the
&31) hesn w%mwwama norael tempercturs conditions during the iﬂ&sww. the
g0 %kau%&&@m wa# used for winter mey continue on without ohsnge. 1If,
e tar www @%Baﬁﬁ sepson , the host of the acil hes not stteined nerasl
m@%ﬁﬁnwmaﬁawvawﬁuauﬁﬁaa the sround pipe mey no longer be edenuets , end
@&«&wﬂﬁh&&&.»ﬁ the wva»Mﬁ to cumpdneetes for ihs chenge asn be mede.

wqﬁﬁankﬁmuu n of zround pipe recuires knosledge of the ollowing
feotorss ﬁ, |

\\wuﬁyﬁ asfinus thermel units per hour necessery for heeting

168566
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2o il shersctorietiost ‘rpee of zeil, netur:l density, vtce
Jereiieble $nlormetion on heost trenegler ccolllciats for vore
shuee wl woricys denthe.
h="he cweraszs nuaber ol heurs of zotuel oparstion dupin; the
Leosting or  ecellny gocson.
E=Tha gunus]l heet sbrorption rer souere foot of soil ares.
‘uesess of o ground pipe de ende vz much on heet pveilebility
in éhe 2oll a: il does on the pipn sizae sTeeing, len; th, ste. The
goil heet 1o sunplied from sun rediestlon, from hest eerried Inls the
soil by reln, from undepground mcisture sigretion, snd from hest ori;i-
neting in the esrih's oora.
ha dlserspenelies Tound in ihe use of wertiesl plpe o gbeorl
snd deliver hest from snd to the soil , have boes due to g leok of

knowledpe of oll tho feotors invelved, expecislly the theramsl ocnstante

1

£ the solles The eln of this rosesroh iz to detersine some of thoos

o

feotore.

Thu earfece gres 13 en importent itom 1o lusinossg scetiona, end,
tre besl nesded lg lnportent in crder 4o determine the asinfamun length
wf sipe nevegsary. Indisctlons ere that the sversye elty lot ig toe
saell B0 suply e hose elth sufflclont heet, so thet the horizontsl
cround plre ie prectierl onmly where unlimited &iths ere eveilalle, or
whare gpreeied scil, mcisture and subrurfeoc conditicns sre found.

The els in Lthe study of esrih ps r store s asdium (er & aore
promteing medium then eny utilizing elr, well weter, ete.) wee to
sxpmine goaw of the [setors deterainin, the prectbellity of s sycles

invelving & heeteexchanger, {(the vertiesl pips inserted in the soil).
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Solutions cre presented in generel terms to permit spplicetion to verious
sets of clroumstemoes,

Let ue rssume the surfeoes es locsted in e ocondactive soil, having
the follewing speoificeticns:

E = 0,896 Cp = 0.45; /o= 103; a = <0193
The hest withdrawsl 1s st = oconstent rete st the pipe surfece end the
oontect with serth of infinite extent snd uniferm initiel tempersture.

The temperatureset warious points sre erlculeted from the ecquetion:

alb z
A 43, A () w8
t =i Lo e a5

where t « tempersturs change in degree Fshrenheit

6

K
& z theramel diffusivity = ‘;?g;

time in hours

t ¥}

r = readias Iin feet.

The teapersture ohange t, gt the surfece of the pipe, isg of
interest , sinece, in the uge of the pipe as e heet source, the design
must be such thst the heat roeceivin; surface will not fell bselow =
gertein minimum teapersture efter en extended period. These tempere-
tures mey be found by inserting velues for r in the ebove eguation
whiech correspond to the rodii of the eylinders of the dimensions of r
to be ;onsidared.

The problem was solved with the aid of certsin tetles ;iving
the veluses of ¢ relsted intogral.‘Ah‘ampirioﬁl expression ig used which

.

gives the value of the intepral wiih nepdigible error for vslues

ad
,4§% (3;?‘ grester then onee Therefore, the cquation will be:-
o

2% .
¢ = [, 5]
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From this erustion, we notice thet the teaporeture chenges auiekly et
e pipe surfeses et the begluning of the withdrewsl of hest from tie
earth, but mecl lese repldly ss time procevdse. Ineressing ihe plpe
diemeter rosulte in s smsll docrecee in the tempersture d4ifferenve be-
tween the initiel ground tempersture snd the surfece tempareture.

for best results , the heet transfer surfece should be looslsad
deop in the eerth in » form of vertiosl pipes. If the heet sachenger
¢ in the jorm of & planer eoil , the surfece required is eonly «heuti one
fourth es rrest for belenced heat extreotion end return, es oy hest
withdrewel only. It is only when hest interchenge with the stmosphere
i minimized , thet the relstively amell surfsce for ihe cyelic oase
ean be reelizeds This recuired the heet exehmnger to be driven dsop
into the polle with the voll cunslsting of & row of vertioul pipec.

The ingineering Building of the Umiversily of Herylend st
Lellege cerke 33 underiein Ly ebout 150 Test of Coastel lein gsediacnts,
tenoath whioh ere herd orystalline rocke. The upper pert of the {oeztsl
lein sedinents sre of Pleistocene /ye and the lower pert of Crutscecus
Featuxent ‘ges Theay ovaslet of elterneiing lentieuler bede of olay, send
Vﬂﬁﬁ sravel « ﬁrﬁaaﬂ'watwr ococurs in the porous sende snd grevels, snd
ainee the beds ere lenticular, the sxectl deplh of weler et a spsoilie
loeslity oannot ba predicteds

lire Jo Te Slngewsld e Jrey Sireetor of the Depsrtuent of lueslogy e
Hines and ‘ster Jesourees, of f@i%im@fﬁ, Hoapylald y s ives the water telle
level ez shout 25 feet deape The teapepsture of the weler most of the
yosr 48 57.5°F. “esther luresu records give the soil surfese touperew

ture for syring end Pell {almost eight monthe yesrly) us £5.47F., while
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s . % . . . £y 2
o dry Buln tugoocrature of the ofr e 405
Ton tedpersture grelisnt, under thess eonlitions, rndt fop the
v e o B LY % LYo Ve d . e ¥ Baws o T S BT T e'w $ e o \ I £
2 I v :;Q'i,f. g% D ‘:»:5,;-?%;5‘—%,4 Lad "72‘ AR T T A N 54 ! AR S TRP AL T X +3 MRS
et In dopthe Fowgwar, o - deth &l 100 faet, the noruel [ rellent
i 1ikel: to Yo effecled Yy ~tnocsharie teajaratures snd mey very

& & [ o

gavers)] derreer Juring the crelo of tha reare
(% £ » *

Loil Chersateristics pt the Universit;

(2 miles enst of Wechenlewl ‘ngineceriag Iuillding;

fedroak re ovtad 159 feet telow land surfece.

811 o, (& niles wegt, seuth-west of Hechunloel ingineering

Fatlding)
LEVER 2-11 feet  sendy, yellow eluy with some prevel

11«18 * dry , yollow aand
18e32  * rod aley
b L B tlus oley
LY ol B rod ol ey

120126 * tlue oley

124345 ¢ Ylue aler with ztrecis of zond Lesping

oonsideratle weter {mueh iron aaﬁﬁﬂﬂtg
avit rool ol sospehona noture

rrts

peft mnise rock

hurd gneiss roek

L7101
191193
193=209
209-284

£ % ¥ @

{1ehy milog south Yy oagt ¢ Mechenlerl Unglneering
fadliing)

Lopt s rent  yallow eley
3-33 - crevel
-ho0 - gxndy olay
yo-6c  * rod eley
GOwID " wlue cley
Ie-110 * red oley
110-3110 Yrgsn eley
1183136 * tlue cley
136-151 * et ond brown oley
®

151-171 woter-sand

.

ell fne 4 (1.4 ailes south by esst of Yechenlosdl npincering
ruilding
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The perventage of sbserplion le eslouletod [roa Lhe foraclese

byelz ﬁg X 100

Duplieste Jdetorainetions should ehesk te within 02 in the eese of
epecifie previty end L0857 in the esse of pereentsge of ebserption.
mmwusﬂ melysis) This method of testing covers s provedare
for ths deteruinetion of the perticle slpe digtritution of fine end
ecsres s;pregates , weing sleves with squere or round perforstions.
fogples were dried to substentially constent welight at o tome
rereiure 0t axcesding 110, (230° F.)e They wore then sepsrated inte
e serles of sizes uslng sleves of 4 (4760-aleren), 28, 716, 130, /50,
J100 4 Te Bag and F000s Fa s in the finest aodulus i&»kv hag sn
secusuletive peresntege of sand retelined upon the sbevimentioned sieves.
“his olessifiostion ie necesssry in order to ecmbly with the spouifi-
oationz for tho send used in the hest jun; exporimentes.

The slevin; opsrstion, conducted by latersl «nd vertiesl motleon,
ves sooompanied by Jerring eoticn in order tc keep the semple meoving
ecntinucusly over the surfece of the siove. This sontinued gntil no
more then one por eent by welyht of the reuidue pessed through eny slave
durin; one minute. ﬂa.w wel;ht of eeeh sgize weg thon determined on e

seelo. The resalt of the teat ¢ seen dbalews

Sieve % H 16 30 50 130 ¥ale 200
Tenk o0 12e4 218 5209 9546 2e55 | 2eb4
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Dry sands density (/) = 94.8
speeific hast (Cp) 2 0419
eondustivity (E)s 0.19
diffusivity {(a) o G‘GIQSé_
“et sends density (/) g 102
specific heat () 2 0.3
oonductivity (L) g 0.6%
dirfusivity (a) g 0.0127%
in the center of the tenk wes pladed o vortiocal pipe of brass
with eonductivity equal to 4%.3, apseilfis heat egual to 0,09, dengity
esmsl to SO0 send having en outside diemeter of 0,928 inches end s ine
side dipmster of 0,362 inches,
The scoler, of btrues elso, wes ti;htly ettached te the top
of the vertiesl pipe. It was composed of three partesr The top pert
wes ocovered with sopper tublng contalning ruaning eold weter. The
sovend port, Lolow tﬁia.'iss sttached ot &ﬁth ends with two theraoe
couples, one ineh spert, to measurc the heet flow in the sovler. The
tottom sert {the Cin}, wes inside the top part of the verticel pipe
te cuol the refrigersat. 2ll perts were thorcupghly insulated. 2
nerrow oponing ren through the Cin, into the cccler, to the rafrigorent
supsly tend with en eppoudsge to the pressure gape for messuroment of
the srecific vslues of the refrigersnts The top part of the occoler wae
one inck in dlsaster end 4.5 inches in hel:ht, surrounded by 0.2%
inoches of eepper tubings The sseond pert of the ocoler was elss one
nok in dieactar snd one ineh in heipbt. The 'in section wes De7%
inohes in dismotor end 0.236 inches long.
Tho heater, of tress , wee t1 htly etteched o the lewer end of
the vertioel pipe. like the ocoler, It wes coapcged of three perts:

the bottoan section wee 1 inch in dignetor snd 3.25 inchees in hel;/lit
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en? govsrad wity eopper tubdng (cutside diemeter equsl %o 0.25 inches)
whloh wonvered running hot weler. The sezond pert wes 1 inoh in diee
metor end 1 ineh In helghty with vne thermccouple et ecch end tc nogw
sare the Rest low to the refrijerente The top pert of the hester wes
g i Qe25 inches In dismetor, whieh supplied heet to the refrijerent.
The Fin wes 0225 incheg longe 211 parts of the Yester WPescmiletely
fnsulntad,

Diehlerctetrellucrosthene (T €} 7,

e

“rean X144 wee chosen se the refrifersmt for the axperiment heocuss of

- G Cl ), whileh in kaown se

the stmospherie ecnditione snd the stete of the models Its physleel
proporties arcie

Holeouler wei hts 17049

Bofling point (ot 760 « 1 ats) = 35.4°7. (3.55%C.)

Hgiting point: 1379 («949C.)

Critiesl tempersture: 298+3°F. (145.7°C.)

Uritiosl presasures 74 1b/sqe. inoh abs.

Calort elscr ond weler white

tder: fsint end like other

Yolature ocontent: not more L an 00287 Ly welpht

Honegondenaible gesest not more then S.07 v woluae
in vapor phese

Tich volling impuritiess not aocre then D057 by wolume
Chlorideg: none
Mlemmabil ity none wbucrtitlle snd noninfleasatle

fpecific hoet of wener { 1 etm )t



180

190

NTROPY |

e QN.Q . L d . ,,

e B AV < ﬂ

. CONSTANTE

B

+280
+260
+240-A
+220-
4200

. .+2943
S At
+180 4

-

+280 -

PAT OFF

PRESSURE-ENTHALPY DIAGRAM

VOLUME IN CU. FT. PER LB.
ENTROPY IN B.T.U. PER LB. PER DEGREE FAHR.

TEMPERATURE IN DEGREES FAHR.
KINETIC CHEMICALS INC.
WILMINGTON 98, DELAWARE

“FREON-114"

+200
CONSTANT TEMPERATURE /

~
Q
&
g
+40~

200 _40
14

5.0

4.0
3.0

6.0

(= Q o [«
3 8 & Q < =
v (e} o~ -

4000
3000
2000
1400
1000
800
600

80

Q

0

0

0

20

4

10

(HDONI 34VNOS 43d $87) 33N553¥d 31NT1OS8Y

140

130

60

150

20

1o

00

ENTHALPY (B.T.U. PER LB. ABOVE SATURATED LIQUID AT —40°F)

30 40 50 60
SCALE CHANGE

20

10

170

Figure 29

(s



#OUSUT UT Jo3emulp opyejne =0

*3J uy edtd Jo yijeyq F u
J83Uapueo Jo sanysaodusy = 3 todoys

o - Do
\l.NM.VOO.INﬂﬂ.L.O.M..VIW-\Mu.lNu\..NQv \Q.—A\:\N'
2 10} poygtrdegs
(39) T 7y e QMY\
E. AN/ V] <2l

1d0dea Tursuepuos ﬁﬁubu

3063 ut PRIust odid = |
UTE/33 AOTT JO L3(0010A 3 5 1od0ym

S Zad St
0. =7 -u.h.oo.l.mh.um ..Ill‘“ \\l
M«.Nhoo L*.win\.w& 7 .:N?ﬂ / v\% us\w&u«m&ﬁﬂm

¥
«3\50;\1 (55)59/ =a 7=

-1 pIOL T msv~wﬁﬁacn@meea LOTER [UEUNEY Sy

11500°* 61,
ghigoo- 98
i ‘dg BaMeIeimR]
(qodza) §IT uwosay (q)
o 191
2o, Yot
§150° e€
H *4_ oangugeduey

(PInit1y YIT na@u&onﬁv tA33ATIONPUCD  [HuLDY

higze sz ony
1oL 210t 021
feee ét10° 001
99€* 91t0* og
Gote et 09
ot 6010* oY
915 s010* o2
gés* 2oto" 0
1S OA 8E00" g~
6lg* 5600 ot~
(sesyodijueo) (sesyodyjued)
{eangged LISLER pInby -y {*u32 1) Joduy “dg panyedeiuo]
tf3reooaty
Blo° T | THoL" €9l o1
go*1 | TLST° 9691 091
5g0*T [ 2051 | 6291° 011
Apy A Yoy ", @4n3EdOILS
am

Dl $.4 4



112,

(o) Vepor 3, > .2
A = 36 ( G, (422:-/)
simplified to: 8 .
Lo =(V) (-61l +-011C+.000/6C7)

where V z velocity of flow ft/seec.
di‘ inside diemeter in inches

The Freon llj pressure enthelpy diegrem shossoleerly the re~

letion of volume , entropy, tempersture, pressure end enthelpy.

EAVIRINYRET A1 THYRMAL CCHDUCTIVITIES »T CHE LTYWCSPREIRIC FRESSURE

Freon Vepor

Tenpersture Conduotivity
Séo%?‘ 00{}6@6 Btu ftq/ft 12 hl‘a GF‘ ]
or's . 2 ]
192‘. e «00811 Bta 't ;/ft-- hrs Fe

Preon Ligulds

Temperature Heat input Btu/hr °F. ¥ conductivity
(Btu Pt./ft.° hr. °F.)
32%¢. 1.232 .0515
104°F. 1.117 - 0U2h
167°F. 1.017 <0344

\
Copper end constenten proved to be the best meterials for mea-

surement of hest temperstures end were therefore uscd in the thermo-
coules. There wers two for the cocler, two.for the heater end four
sets of three saoch pleced et four levels within the tank, eech placed
st & certein distsnce from the centrel axis. These sixteen thermo-
courles were Firstly oalibreted with e reference Jjunotion et 32°F.

They were connected to & portable precision potentiometer.
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sondenged. Hoving reeched the hester fin, ths Freon wes sgeln ove
poratad.  This sreoosse of eveporetion end condensetion of the rofrie-
cerant wes resectad end the results recerded for the trensient sad
gterd, sletac, dry end aclist ssnd,.
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- . . I A
2«The Preon end {ilm ccaf icient ¢ 2.592 Ftu/hr. 4. K g

J=The haeet flow fron steveshoric room tam orature to the

rel’rigzersnt inside the pipe:

- 277 (4T ) *&
a7 P Gk, TS, ass
-79 > 9-3
- 3 ;7 x30 xt
- . o/ 2.3 -37 .
TV tier Tt Yoyt THL e 3T
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Bel & LOO0981 « 15 '95 + DOTES % .35‘_7
= lfﬁﬁ*agl

214135071
= 380 iﬁtu/hr/@%. heiyht of the pipe)
Sy ;fl -
= .80 » %& = 6.0 Biushr.
heThe unit thernel mzzaﬁ.zz“?i’*ﬁa (Por 27L (&%) g 1)
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23«41 38071
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- 26.0 Btu/h!“-
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L = <73 inches

e

the length of the cooler fin

cheeclk: q = AT  pPtu/hr
R
A = n

h, F tank m L

ml 7 2.3 then tanhm L = 1

[ £ 2
KA

A = econduction orcss section sres ft.°

=

P « perimetor of oross section ft.
hgz unit conductance to the surroundings from the
fin surface
E = thermel conduotivity fin meteriel
m s 30342 X% o0552 =13h.4
lﬁ.'} X 00034
R - + 344
303.2 X 0652 tanh m L
qQ = = 2600
= 30 X 303.2 x 40652 tenbm L
3ok
2 2 Z
tenfir L &2 1 « 2oz * ppy -~ =zt - le52
é e
- 52 = = 2
- 2alL



2ml
™ = 3.86
< mi = 1.355
Lz 1355 3z »0197 fost
2x3h.h
= +236 inoh fin length

e The length of the hester finie

q? t «0

4 z sres of oross zeotion @ squere foet

.25 ¢
=7 x(2=) 2 .00034
&=

/13

o

¥ g periaeter g77¢/=77 X 57

z «G&Ea feet

teke q g 8,8 (Btu/hr) per ft.
therefore use hy, 3 0424 Etu ft/br. rt.% °r.

z
d Ar. _,
d/ * KA -

T/ - .0h2k x .065 T2 ©
&9:3 XQ%L&

T7 - 2655727 PP T=0

.331/45%

sT 4065

T s A ."5665? 4 B Qv.hcﬁﬁy

where ¢ snd B are aaﬁxttaﬁkv
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slves o siniler reletlon when hest withdrewel per unit length of tube
iz vesuscd to be constent. The coordinetes 1 snd (A t) mey be used
for sany eese in whioh canductivity end diffusivity of the soil s
knowne Curves, such ns g and(d»t),eﬁﬁ he mnde only for w» gziven type
of soil end size of 3ipe of certein materiel.

Most sheek tests were osrried on for twenty-four hours or aore.
The value of K for these ohsek points wee in sech cese deterained by
the chenge in the teapereture per unit distenoce eswey from the pipe

surfece by seans of the equetion:
2=
QR A4 F
277 (2:_"{7}

;L = &b =27 ([st)

K »

277 (A t) q 27( s t) q
0 0 30 1.419
1 «Oh73 Lo 1.892
2 <0946 50 2.36
3 21419 60 2.83
4 3392 70 3.3
5 «236 80 3.73
& .283 90 h25
7 33 100 ha73
38 <378 150 7459
9 425 188.2 3.8

10 473 200 Jeitb
20 L6

8«The ehenge in thermel recistence (deyroe per unit of hest
tronsferred per unit of time), wes due to the chenge in tempersture
difference.
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Figure 30
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RESULTS OF THE EXPERIMENT
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At R At R
O 0 9 ltO
1 1115 10 1,115
2 223 12 le34
3 #3345 1y 1e56
5 «558 18 2,01
6 67 20 2423
3 «39
-The tem ererturss were teken st different distances (rasdiel)
from the center line of the verticesl pipe. The following equstion
sives tha tempersture of the soil when the Freon is I;Oaé?’. end the
euteide stmospheric temperpture is 70%F.s
q = 27 L ,(7:" ) = 26.0 Btu/hr.
27
- - __L-— + Ty {for eir side convection
11" 277 rfL drop)
260 .
270~ S rarxer = 62475%7.
- - B vl Ce039
T10o9“ = 70 8223 2.5225 22000390}
g, 199
T - D e 8, X ( +100381 + 0 )
= 70 = 143 (5.100381 + 40862 ) = 70 =7.92= 62,08°F.
19
L = 70 - 1.43 (5.100381 ¢ 497 )=z 70 «le43 x 6.100381
./7
= 70 - 8.78 ¢ 61.229F.
p et
T, = 70 = 1.43 (5.1 + -7;: Jz 70 - le43 x 6.72260.35°F,
8 :



contrel exisz of lhe tenk {(whewn ths “reon

outszide sir tomuercture is ?00?.} pre £8

g

11

10-%he soil snd tenk temierstures

bt

(3]

13}

[ ]

v3

70 = 70 -~ 143 (54
Tgo = 70 =13 (54
Tgﬂ = 70 = 1.43 (5.1
Tga = 70 = 1.43 (5.1
ng = 70 = 1.43 (5.1
oy = 70 = 143 (54
Ty - 70 = 1ei3 (¥.1
T,péﬁ 270 = 147 ( 5.1

70 - A0 = 0%,

E? -
1311 =

+

&

+

+

st redlel

70 «13.2 & 56.8°7,

70 -

70 -

70 =

%0 -

70 -

1.3 =

55,2,

17 = 53

20 = 507,

257 =

l 0:;_“} X

.’a}tu/hr.

i he TP

- £ e i [
sz'Qj)! -":,Qol Pa

distsnioes roan lhe

Teacervture is 10099, wnd the

s 77257,

= 77.257%.

follows:
773
- 277‘ {, °) - 26,0
Af
N 260
i -+ - S Y
° azya LS 277 . T x 25 x .o 2
72
204 B A pp y SIS X(S S+ . 000387)
277‘ 0 11. (~ 2 Zy
7G4 y‘qr x 5.1 & 'Z- /,oo'z ) 20 - 7 99 7? O e
‘ sz28s 79 = 32 2 TTe7270.

T

A L27

Do leh3 {51 ¢ —— 2

»/7

4143 x 6472 = 79.65°5,

)

-
-

78,

801‘.'

LA



Figure 30b

Results of Experiment
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T, 2 70 4 25.3 g 95.3%7.
T,o6n = 70 ¢ 29.5 = 99.9°7,
T,1911% 70 # 30 = 100%F.

[lest trenselfer in the soll veried st the teginuing of the exsorie
ment with the smount of time consumed before s steedy flow of heet wes
obisined. Heet flow in the rfoil verles, due to the type ¢f suil end
itz molsture content.

10-The periocd of tias for whiel the dry send 1s in thse trenciemt
stste { essumin thet the tenk is s cylinder of gend with en cutside
redius (g} of 10.9 inches, inside redius (ﬂ) of 264 inohes) iz sxpleined
in the following oploulstions

hoyp = 22, “ = 219, Pe 94.8,C, 5 +19, a (diffusivity)z 01056

sir

dt _ 4 2%

A6 " dx* 2 A T
t-%a _ LE , A5 o F
£ -z - » [ % ~ ~

Biot

1R}

‘JZ - -2Z /0'7 ”1.06
= - .79 /2. -

1
( ~Biet) = o945

. 5&€
aé o/° 9: « 0125 5

2

Fourier =

e

N



127.

26 /2
(&) : =2« 2 -
= o /2 /70-9

Z —%a | 22:5%_ .y

frea besl trensier noles [ roph of page V=43

Q&

2% 5 hours

- '0/25_

= ZF hours 3% ainutes,
which gpgroximetes the result in flpendix 1311,
11«The perieod of time for which the wet ssnd is in the trsnsient
stete (essuning tiet the tenk 15 & cylinder of send with en outside
redius (1) of 10.9 inches, inside radius (5) ol 264 inche:z) 1s expleined
in the Cellowiny osleuletion:
b

leir 2 <y Ksand - <65, La 102, Cp s 5

e (diffusivity) = 01275

22 o
Biot - ”_/;’? 22 x/ 4 = 31
)3 - .65 /2
1 = 3ee2
Biot
at® .o/27Z5
fourior = /27' “Fo e . .51 6
52F /2
(,/Zt z =3 Z"/"‘r - 0241
2 264"
f"fq - ZZYﬁ' - 7h




| - e8p3a? yequnsyaoy
30 sTuyusADY TVUOTITRIR #UY eATY e *eadupumaps uss atous 9ePISL
Ssofpd punes? (eOTNIAA MUY * SUSTENTINGD GAGQY GUY Madieg
spunas? oqy WY Jedesy POYTEST seanyRasdumey JeuTIY 643 WIS SMUUPIOREE UY
$oUOTIOSITR THOTAINA oM OXUY TTIM SAAING MOTS A9SY 043 ¢ TP JePIA S04
*3T O3 SPOTE USYR SNRZANE OdTd PUN GROUJINE TERIE(LORY eyl W AnTnelpusdasd
AYTetpva »q TUIe ¢ odyd (UeTIles o0 J0J SAOLS JIBY eyel
soeus 1d TajuLRTINY JHONTS 63 TUEA SSYIESP Seq3ADy TTEAS doy e
179 sanyvasiney sy A4 POIORIST oq TIYA Leys ¢ fwas seugany leovjius edyd
©qy DY SSOTE UNGR SIGPUTTL0 0q TTVA SOURIARE [HEISWLOST Giel
~A3pavenrITP
08 ueqy Joaes) juegsodng oaom o 83 LHTATRempuOR {Iouel
+OUS 2035048 aBANY ¥ VIS SATIOSLI0 Sdow
0% odyd Buey ¢ {reen % Suean sovgane odyd ceat¥ dus sogep
*PORITES 20 PORIOELT VESY JO e382 syl 03 WOYILodoad wy #y
of3d yeorsaea pun pumos? ouy uessyeq doap samysaedmey eyyet
resuspaofuy sacal Jo 94 ©h PUDS) 0I6 WUOTS
~RLOUOE PUS SHUINOINLS Thieusd ?ﬁanﬁ o3 ¢ pejerdnce syusEtsoire pue
sotpras Testaesoeny euy wois TRESYSUPLENGOSY FOVFESTFATOD

*eoynRtE § sanog 94 £ .
wanoq ooy 3 —Z-.3% 6

(Ey*a) wdwad (o0 pu A0JSUREY JIOY, *** J03TW0Q OGY oY



sqenibe Jureq w0388y Jeylo TI8 Seorns
VAR ¥ U9 IS S0 09N eyl UF seq oF odyd yeelsea pelawq Jydesy pue
ooy * TUWEE syy XY Sputouss ek em * FugeFedey eqn Wou gl
sedyd oy seeu punes? vqy Jo Jupiece el ¢ o YA
SRY AOPIEUOS 0N LIVanedew ¥F 3T SJeumnd WP pousmysd #Y Wyl Se3uta uy
PIaORIETS 00y BaUR WATA sw(Y jo Spotaed Tuoy soy pegsdede eav Aeys JF
SaeBogueape UTeLIes SARY SRR trejyass fuep Yooy weAyeYY
SETen ouy ogul INTIRAS usAtsp BEYL Jo qaTuey omes wqy Wy Sedyd
30 qaluey wpal? Luv se] 3uSTOLIFe SEEY ST TI0s TURNORTAOY Vit
vod3d
oae a0y pepusdys 3uvews THNDS UR €U (3409 WY 103) Binyes yorm % oAyl
o3 Y0y esngang odyd oyg we aueryeeladd seuy qTweus 93 Ie6
*demiorsje pue
giﬂag IR adep oqs pus opyad u_.ﬁ%:ﬁ»ﬁ% sesy
owse oy wary yeey segeuesy TIM Sed1d TosTsden oy SoRTY  Supeeu 83
%TS omoy yove ATHIN 03 WUSTATIIUR oq TTIA Sed3d TIOTIAVA W43 P PesTRYT
#% s0eds Fuyomoq sssus SA3Te Leeq 9 W do ¢ SyTUMEOS ¥ Jogeg
, gai%g ﬂgia&.#ﬂ% ooy ewes o m#gg%u}
P42 yepuoRysoy gig Myyoedse gty *potind saeys dni-l

-



SUMMARY

in recent years. the hest pump hes been recognized ss s preo-
tierl deviece for residentiel yesreround sir-conditioning. It offers
e mesnt of oltelning both heeting eand ocoling in addition to sll the
tenet'its which s year-round sir-oconditioning system ocen giva. From
the thermo~dynemic point of view, the hest pump i& = new erplicstion
of old refrigeretion ocyoles. YHowever, the device, ne it is prososed
gl the present time , glves en sutometie type of heeting snd cocling
system not heretofore possible. Resesrch work upon the device has
been sceomplished yinvolving the euxiliery eguipment, by menufscturers
end technioxl societies.

Hest gourcesa, a8 in the pest, fora the most importent hest pump
problem , as fer ss residentisl epplicsticns sre oconcerned. Twe of
thess sources, which ghould be developed for universal eppllostion,
ere gir and esrthe. rir, ss o hest socuree, is not as feasilble, due to
aechenierl diffioulties involving frost forumetion, complex controls,
elce Tho eartn, howsver, of fers men, sdventzges, dus to the rasther
uniform tempereture gt which 1t §s svsilable, even in northern sresse.
Ite disndvantegzes involve the diffieulty of instelling sufficlent hest
trensfer surfsce to obtrin poed performence. Joae of the protleas
ne~ding soluticn are theoreticel investigation of haat flow under
various conditioneg, informstion on the typea of hest sources slreedy

proposed , end en investlgetion of specisl heat sources.



ey,

che pourge oU Lhe hwed Dor the pgar 18 neturslly of intersat

1o the user s 8 the cogt involved foras & lerge portion of the jump
ingtelletion raperdless of the type of unit, beowss ths heetl rource
is an «ppllestinn protless UHElEt eomyenlorn spe ohe jescills cource
of suprert for hest scouree rasseroh, 8 they heve s perticulerly lerpe
merket In the heet pump in the fora of cleotrie sner;y scles. wvon
thourk the exjenge ol this regeerol wil)l [ell upen ibs urery ey Lo
reys for it indirsotly through hia eleetrieel retes, noverthelsss, the
faproevesent in rerflorasnce which would result froa ressesrch esn in the
end recult in lowsr lotel olecirionl ooust to the usaer.

‘eeespor: srobleme include the develoyment of speeisd refrijersnts
snd rroduetion of lowecost seoesseries suvh as sleptrostetio dust proe
i ontors end Jeraleldel lempse

Trzileetion problome of the heet pumy sre rether nuasroas. (ne
el itese L the slody of comflort roqjulressats in terws of heet pumy
grerelione Toan of the hest usn Pestures ers similer to wern sir
{reitent hoeting) syotoace The sinimun recoiresents for setlsleotory
hone oooling heve not basn too throuphl; fnvestigeted, ro”ells, #11
the veriocue re-niresents in ocnnectiion with heet pump operelion will
beoune mores iarortent es the hest wap besoae: « necersltye rether then
e duzure ftase Tther epcliestion protlems Inciude enelysle of wir lle-
tritution syeteus for hesting sud cooling, study of nolse snd ¥ibraetion
liadtetions 4 dneuletion recuiromente o dosign procedures deveolopmont,
et atudy of heat pumy ep.licetion to presente-dey housing. denerel re-
gouroh on teapereture, air‘valunity digtribtution ¢ wnd human eoRiorl row
~uiceasnts . n residentinl seotions, cen be pertly esdepted to heat puap

ingtallisiiones
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C medified evpatheoson e wep tunstructod by uilton in 1932 end
letey sdozled bty the British Interelepertasniel Comaltles on Hesting
snd Ventiletion ‘“ssesroh. The definition of osulvelent tempersture
wee changed tor "Yhat taompersture of e uniforam onolosure in whieh, in
sE111 wir, & Tleek Lody of suffloient elge would lose heed st the sonw
reta x2 in the suvircnment, the surfees tenjersture of ihe body beling
g%f:tewi'-:‘zz?-;z‘z;;?’ the wey betwoen the tempersture of tho snelosure snd 100%1.v

Toulvelent Tea ersture

2 0507 ta & Cuf78 t, = 0e0L4574(v) i {100wtu)eens
wheres te s sir tsaperstare

tr g aoen ro’ient tessevstors in depree Fehirenbeit
v w sir speed, Dra. '

Tre aovt convenient nethoed for esloulsting the direet =seesuroaent
ef the asen rediant temsreture iz wiih & redietion thearaopilee The newm
redisnt tosjersture oen elso be chteined from resdlings of the tleck
glove thermometsr (Vedford end arnor, 1934) A0 the elr tusjerature and
veloclity rre eloo knoeme

“ftar obeervetlons heve beon mede with the gix Inoh globs thormoe
acter, the esulvalent teajereture cen bs estimuted (without eslouleting
the zosn redient teapsreturs, by using the fellowing relsticnshipse

Leuivelent Tespersture

= 0522 ta ¢ 0478 ty ¢ (v) F (0.0808 tg » 0.0661 ta =1loiTh)es

wheres tg is tha ten wpsture indiseted 1y the & inch globe
theraometor.

For norael indoor pondliilons, eculvelent tenpersture 1s sn exeellent
socle of werath ¢ velid up to those toa oretures at whioh eveporsiive loraosg

fren the body beouane importent.
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ifeat of tomie Dlss ortr Sincee stomic

enar;y redletion has boovas snother hagerd lo haman comfort, the sathor
gede the Tollowing studye.

There ero hree types of explogions by etoale boabj Ligh in the
whir e ot the purfece, snd in weter. Conaldering the bomb exploded high
in the elre suoh s tie ones used &t Hlroshlas end Hegesekli, we lind
zet o unoretsoted olty would be affeoted in soversl weye«{2l) in sn
eror o W3U7 5 mere niles below the burst, thers would be spyrozinetely
TOGU0 Petedl Injuries end tompleta ralne Yubtwerd froa hie aree to e
dietenve «f two miles Prom the center, the dsaspe sould renge fros
hesvy to 14, bt end cssuaslty effects would wary {rom severe to mild.
Terend the two niles vediune, the danere »ould consiet meinly of brolen
windows end felling 2lestere. No effeoct would be discornello Lerond
the of kit mile redluge ftor 2o stoale explozion, in severs snd
modorste eroes e flesh burn eeses in ell do rosg of soverity will cocur
Prom exposure to the 1ight end heet produced ly the explosion. OF the
elmost 70,000 fatel injuries, rom 15 to 20 would be due to redio-
syt ivity,

Tho sloaie explesion will pive riss to verlous fypes ol jwagstrating
recdintions y neasly Cean Heys (which ere electromsgnetie reys sluller to

;3 nouatrone Lolestrioelly neutrsl particles throam froaz slosle

nuvlell; Alphe sod Bete Seys (nuclosr perilelss of negetilve and pusitive
a;ayga:)er?e@iivelga

Zean e ePe the souree of troulle es they produce ionizailon
within the Yiosd-foralin: cvells, the intestined tructl, snd tiseues of the

]
i,

wdy o esusing ohantesl HMerupilon of the cellular eontentsz,
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APFEEDIE 310eThe Temperature Oradisnt.

In gpeolsl pepera Mos 36 & 37 CFL © 29 5 of the Geslopgieel Soolaty
of tmovrica end in the A4 .8s Journsl Hos 84 1944, the snustion of e
stroight line T g o » By

whore: € ¢ teapereture fn deprse Fabrenhoit

¥ » depth in feet
e+ g sonstsnts} verise for cortain depths end constants baw
“tween two dopth }inite. They depend on the zeclo;leel,
goticraphlon) ¢ end netaral effect for different scuntries,
1ess The temparetures st verlous depths in e certsin site,

f " very for different 1imdts due to the veristion of the
sonstentde Ths temparature depth llow curve iz ¢ ourve
of straizht evnnoeted 1inese

This wjeation wns tested with veluep for constents e end b for Long Beseh,
Cslifornis to u depth of Q‘?&S foot end st Ssnte Fe Epring, Carnarven,
Jehsnnesbery o end “lwetersrend o 2fri0es Tho follewing temperetures wore
sslouleted enéd regorded For Lante Pe Boring:
-3 -4 %iu?. b -4 1;3‘?99 i s 3&9&?’ o %5’&1?‘ and hl '13’

Toue67 = 21oT ¢ 10379 x 34467 3 63.5°F,

Tyoud? S 23¢9 ¢ 24379 = 40T g T72°F.

T2 209 ¢ 137 2 N2 g 78,7°P.

(48 the temperstures of the soil at veriows depths have boundery
oonditions which sre depsndent apdnm the tiae due to the elimate nd its
ehonges throu hout the yesr end comeidering soil speeifications nre oone
gtents for certein depths.)

Evelneting the work donre by Graber ( Tompasreturverlisal und Jdrae-
stromunger in feriodischesrwirnten Eorpom , Forshungssrbeitenwieft 300) for

the eese we have in this resesrch,end considering its boundery conditions

str yeo » (6)
¥g o< :”¢¢°°

end teking the inftisl tempersture for u euld ellastels 0 st time Oy o,
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Figure 34
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ALCENDLN ITI--CORREQTION O3 WMRACHES IN T7NermoTuns proaniveg

The meessurzaent of soll temperstures in the experinents st the
Ue Cu L /o and the University of Herylend, wes corrected by following
the esurtion of Créber (Mie ‘Armedbertrroung) beow e of hest conducted
through the film surrounding the well, clong the well , snd to the well
of the ye11, -

Disregerding the possibility of radistion between the scil and
the thermometer, end folleowing hest by convectlion and conducticn, the

tempergture distrilution elong the well 1&g sn exponentiul function of

en ogcilletory waves /;_—Fg
“Yae. 277 w77 ]
T = ZLc/!-/ e Ca—.p[ - e -ya-——"% 7

e

which ern b expressed &8 s function of the hyperboliec cosine of the distencet

, /
f - fc"" Cv‘aa/’”"/
wheres € - the differeuce in tumsersture between the eir ¢t the
bottom of the well end the wsll of the well nesr the
point st which the thermomcter is immersed.
It is the epproximete error dus to hest conduo=-
tion from the well,

tod = the surfece meen tempersture
n = ))_1_{,?_7_1”: per fte
KA
h = B,/ﬁ./- film conduetion letwesn the well wnd elr
r = incide redius of the well in leet
: 2
¥ « therme!l conduction of the soll Btu/ft° hr. °F.

't
# = pross-seotionel eres of wells of well in £t.2

dapth of the well in feet,

T
m - ]’E‘z?;'!;;”- = )/;%ﬁ-_ , 4dr z(difference in radii be-

tween the thermometsr
gnd the inside redius

/
T ZLoﬂ MI—T |/E.. ?)» well) = r

-
1]

¥

1 ]



A8 pn exsmple for esch .9 feet deep end using:

ts

-
-

-
-
-

R A
1_:‘ .ZLQM w?,;/kz;

h = 1,022 (for stil) air inside the woll of one
ft. redius~ASHVE Guide)
3 = ¢19 send

ar = 4 foet

¥y = 4.3 feet
R A—

50 x 0905 x 10”7
-0045°F,
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The theorztiosl snd snelyliesl coluticn of hest {low 1o the pipe
from the greund st Initiel tempersture Ty, wes studied bty Lord Kslvin
and roseniod in bis mstheometic end physieel vepors (Lir . Thomson),
Vou Il s 7o 317, lord Zelvin's solution is used in deteramining soll
tamsersturs et sny Jdistence from the center of the plpe sffter e certein
period of tizes. Folleowing iz & rether simple trestment of the Heet Jourece
Thaor, «

vinoe heet is ottelned from & stesdy, porasnent socurce of heet or
sinity in & infinite medium et ihe Initislly uniform toupersture T

o then

the subseruent tempersture et sny soint in the aedium is ;iven est~

o _/91
T s e LA

277 K

where T

"

tenpereture in scil st eny distence I[roem the vertliedl
pipe im hori:ontel cirection, °#.

initiel temsernture of sell befere the epersticn, Cr.
heet emission of pipe iu per linesr fvat

heet sbsorption of pi;e}} vertieszl hei ht

=

2 Jad

distence {rom center line of ipe im horizontal plene Ot
therael oconductivity of the soil

tharmel diffusivity of the soil g K

Cp/

o

]
AR R

™o
TRIRL

@

density of moil l1h/eubic ft.
s:8eifie hest

7

Ve
C

LA IR ] ]

o

"

{ine slnoe stert of eperstions , hours

varisble of inte retion

Y

_/gobﬁ
Cor vericus velues of — we ind the welues of the intepretion %;§~

2
Y

o 2

in telle 1.

/2
FPor ithe velues of /,_ less thian oF
4

% goA? 2/a8 ! x*_ x z 88¢€
.4 €-d8 = 2.303 -4;7,,';(""2——-5- - -

while in table 2, we et the velues ol tsaoersture differancs oy Jistunce

from the eenter line of e wvertiosl ripe in = horizontsl olenee



R
47"'/’

R

K A S R B ke

S
ey 17

- ey %
P

A Fay

ol B {-IE‘EQ 5};

Gl

e

al
giqji *&55
2705
%aG3§
16297
«n“}fé%

ot

‘a
»iF

»

o34
el

«71

(o8 N

oGl
i

L J mp} .'f

4\4‘”
P

1%

e . amid
ie EER
E 4 3
B Y N £, v PR s i
3 Lowe L i . . .. i
K
e L e .
o P A A S it
ins s
* EieY .
i ™ -l
e A y
.- by
[ i vk, 2 wlise | 1 mils
L3 oy “ iy “ -
=31 ‘.!{ ! 1 i 1 L8
SRRSO VUSRS MG . R, INSEPRIN-Gou BUCN.. 0 | s . ——

. *4 :5, ;
N ; .{}f’; eil - Q'}{}
Ty s
R PR
w Loy tig
( ?. l L_2eo) ’,' ’u
Vi B wikg e
r




It e found thet the Eclvin ecuction cen rive ;ood welues ol pipes
less then 2 inches in diemeter,which ere more effielent then lerger ones,
&8 the smell end longer pipe heve mers certh fom vhieh to drew hest and
g0 the toempersture will be kept high for o longer peoriod st the seme rote
of heet phsorption ver unit eres. This equation ie bullt on radiel heat
flows Thet mosns thet the vertioel pipe Mhould be long encugh to elleow
ell hest flow to be rodiel.

Inpersoll end Pleass 11lustrated ¥elvin'®s eguation with the
following exsaples (23)

s long plpe, ons ineh in outeide diemeter, vorticelly turied
in soil of conduetivity K = 1.2, specific heat CP = 45, dencity pel2,
diffusivity e gz .026), et en initlel temsorsture T, z 50°F., ond sbsorbe
ing hest at & rete of o g 20 Btu/hr.

Find the tampersture of the pise surfece in eontact with the scil

ef'ter one month {731 hours of operation).

Enlutiont
Je — = 7 = .004 9%
2 Jae 2¢.e16/x3'7l
=) ~-a3*
A _g;_ a//3 from tedble 1 is 5.06

Uein, the Felvin eguetient

T e T, u ~2:66 % 5,06 & 13.4°7.

thoreforeiT g Te = 13¢4 = 50 = 1344 & 3646°F.
from teble 2 for one Btu per hour per linger oot
Te T, 2 =b?
therefore fer 20 Ltu per hour per linesr foot g -ljﬁakaw.

therefore T = 50°7. = 19.4°7. = 36.6"F. (the same result).
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For twe vertiosl pipes of 1* cutelde diemeter with intervals

of 30 inches, the sane conditions ee balors hold true:

T, 520 x(e67 ¢ 240) 5« 168

T g tempergture ot the plpe surfeos g 5016.8¢g 33.2%F,
which showa that esch pipe drems heat, to some extent, awey from %the
miysmwmﬁmg the neighboring pipe.

In the ocse of buried horigentsl pipe, the Kelvin equetion ean
be aged with the sasunpllonm thet there is & negaiive image of the plpe,
1«24 & sourse of host at the esme J4istznee shove the surleca.

the teapsrature dvop depends upon the perisd cperetion es the
smount of heet adsorbed veries lor asch monih®s needs.

Lzemple: sseuse sn iselated vertiosl pipe heving en cutside diemetsr
of 1 ineh end opereting st an sversge sbeerption of 10 Bte/hr/ft during
the month of Noveaber snd 20 Bta/br/It during Desesbers. “hat tozjersture
mizht e expeoted in the pipe om Jenuery lst under the seme conditionsy
From Teble 2, we Find thutse

ToT, 3 (+10) ((TeTy) two montbs o(TeT lons month)e{~20) (T+Ty)) month)
g (10X oT2web7) @ («20)(o67) 3 =2349°F
T o 50 « 139 g 364°F.

Ingereell snd Fless nede s stedy of the tempeprsture in § inoh pipe
turied wertiselly in sotil 71 and sell 72 for e peried of 100 yewrs. It wes
interesting to note t:ut after 10 yeers, the decline in teamperaturs beesme
wory (reducls They also found thet, in eortain types of deep dry wells,
the sumser return of hest may Yo muoh leas then the winter hest sbserption.

Desp vortisel wells, oven 1f dry, heave dertein obvicas edventsgese.

2 study of the possible offect of ¢ progrossive locel eveling of the
ground near the wertiosl pi’p&a» shonld be cersfully mede evom thouyh 1t

may not be e sericus protlem after several yesre of eperetion.
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SPVINNIR 11l-~fxperiment Problems

Serdwss chossn eg the soil in the experiment for ihe hest pump.
The model snd the hest pump psrts were arrenged to drew hest st 8.8
fat/hr per unit srea of the nipe. The tempersture of the sand wes 70°F‘
with the following specificetions:

For dry send:  density P 94.8 1b/cutic ft.

speaifiec hest € - .19 Btu/1b.

-

Conductivity ¥ = .19 gtu/hr ft2 (F; Je
Piffueivity s = o = .01086
/“Qf

For wetl send: Dengl bty /= 1072.0

Specific hant CP = o5

Conduetivity ¥ =« .65

Diffugivity e « LOL2T75

-

The Freon 11k (rofri; erent for hest trsnsfer) eveporated snd cone

densed undsr normsl pressure st temperesture 7 hOO?.

1]

The bress pipe had sun cutside dianeter = o528 inches =

«022 feet4rudinsg,

fhe jodticl tea.sreture of nl) the msechine prior to operetion was

"?9 : ?00? .

dsin, the Kelvin eguetion: o s z
U - g / g/"' o{ﬁ
° 277 K Yx 2
. & I
27 K
wherse X = 2
2 jJa @

o ‘ﬁgz
7 (<) —%"//j

LN
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The experisant oxpleined in Chapler IEI was repested using water
in slste of Precn 114. Scms ehengss in the set wes BeceBsary up&m
with the new ssperiment. The grid pipe wes designed in ﬁgm 26 {psge
Eater wes driven st 32°F. to sbeort best from the sarreanding send (dry

and wet) and the hest geined by the water through the eysls wee equsl to
the heut Jost by the send. |

Bepesting the experiment with het weter st 17857 snd equelfsing __im
hopt ggimﬂ by the gend {wet or d4ry) with the heat lost froa the hot weter
snd with the water flow ot $8.43% 1k, per hour, the ﬂ!&i%ﬁ af the sxperimsat
bed four notlossils fuseiionpie |

1+The tenpereture veristion sleng ths redins shenged iy ssell dee

£resz nesr the tank well oiifle 2 larger drop or rFelse in the Saxmpurature

wee noticskle nesrer the vertlssl pipes

2uThe sncant of baet Flow in wadlicas septicns of the weriissl pipe
deperndad prestly upss ths szocunt of sxposed nres.

3+The seafficlent of sonductanse varied in the sese of Dot water
snd showed t&c largsst teaporsturs droy betwsen the pipe snd the nearhy
send

§The mnisture offept decrossed the fllaz eondustenes scefflsient
betwees the pipe sod ths mesriy send resalting in en inersese eof the tenm
perptura diffarenge.



, \
2 set wse flred tc apssure Lherasl somdustivity el send for

&1fferent sharsuteristics sad tc ealsulate from the resslts the thersel
hest condugtanse bstween the eend snd the surfese. |

Compsring sharsoteristics of ssnd »ith well ¥newn asterisl {oork)
and aquslizing the heat flow from s hester te vorke sand s snd tu sseling
wateor, we find thetse |

1-1* gend thiskness
22 2 1l s 188 »

5 g 1.258
£ st

fronx 1l snd
iz 97
b} 4

25 % 137

end 2 « 1 . g 1.453
£ 'ixm
e L P
16553 = <992
Belosres 4ry sendt

4 1415

% iﬁ s 20297 % 180 x 19



L X

2% + 1428 = 181

S 0732 % 1 a%z .} A—

2/h ¢ 1/24F » 1458
i/28E g 13

leThe therasi sondustivity of the send varies 2 %o 1% sberseteristies,
Yein; highter for cosrse sand then fer fine smnd.

2«The preaence of levge Mlze guerts inorsesss (%o sondustivity eveffi-
elent wiile ninsrels such o2 plegiotless, felsgar saud pyresene dsaresse the
sonduntivity . -

BnThe Wif‘i& best veluer of the send 4eevesszes with the Jesresss in
tenperaturs . the srersge enlne ot perve °F. being 216 Btu/hr. acd 13 Ete/hr
ot 240"7.
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heThe condastivity of dry ssnd 1z less then thet fer wet send.
Seimriens therasl condustante soelTiviants for dry send were.
Bigher than for wet sand (sssuwaing the otber fasturs to be egusil, s
£t sgpesred in the preliminsry aspsrimsnte. ‘
6-The possibility of wring scarse pend to Ineresse povrs W
for zecd therms) vﬁm&iﬁ% bas Toon eossidered end proved W m«iu.

AEHYE Suids, Tol. 291951, ppe 151-103

Versahoory J» Be & Foul Orestlers, Bt transfer By gas sondaction snd
redietion in fitrous inswlstions.{desville fisgenrch Cuntysl)

AnEE fﬁ?ﬁ? Eoe SleinSh
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THE EFFECT OF DRY DENSITY AND MOISTURE CONTENT ON

THERMAL CONDUCTIVITY (K) OF UNFROZEN SANDY SOILS.

/130

120

{0

1004 219N) ¥3d ANNROd ONYS A¥Q 40 ALISNHQA

100

ASHVE

GUIDE

/b ‘ l? 20

MOISTURE CONTENT PERCENT

Vol- 29 - 125/

A.K.LID

Figure No. 35
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cenelusionss 1-1t tskes loncer fov ths tsuperaturs te drey from

[ ST \ﬂg}w ; R K - R
2090, 4o 207P, in wet send then 11 doss in dry send, beosugs of the

rirbep haet geoscit) ¢f the wet zend ss eoapersd to thet of the éry

cerid o

f-Thomore heet thet 1z ebzorbed by the pround
pipe, the lecs line 1s needad Tor the tonpsrsture to rou, vrovided
all oiter Teclore vanrin sonstent throw: hout ocerstiss of the hest

43785
G .
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