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'zhama-xogulaﬁun in bhuman body hoo boon dicsuosod
fegon voriono snslda. ho: ana 0% %hommaulutzan vntmuoc
oo boon D%FOO00A wpom. THO Amtosmal thormsepogulntory moohoe
nioo of tho body undor chmormnl ctmepherie Gonditions beo boon
dicousood. In enoo of atuosphorie sonditiens going boyomd ¢ho
control of intormal thormp-regulation, extornsl msans of thormnle
rogulation boeomes nooocooDory. Anntomion) ond phyocioldogienld
aopcots hovo been dicoussed ¢o give duo propam%xy {rportanso,

A mmbog of mathomntionl modolo dovoloped for otudyins
tho bohavicur of human body under variouo nimoophorie conditiono
oo voll ac updor d12foront motabolie cetivitics hovo beon
poviovod for ntondy ototo and unstonly otato sonditionon. Sono
of thooo modols includo phyoiologicol pornmeters of tho Eaay
olcde _

A nmow improved modol of hupnn thopmd=pogulotory oyoton
4o ocuzgootod under otondy otabo conditions, Uith tho holp 'of
thio modol fompornturs diotribution in heed ard total motabelie
hoot gomorntion in tho bpdy with ehansing body tomporoturcs hovo
boon gnlouletod, Alco ono cohome of oxternnl thormoerogulotion
nocdcd undor ontrome working conditions hao boon censidorod o
£ind out the rolotionships cmong coolant mnoe £lew ratoo,
 ecolont torporaturcs and tho body tomperature to put tho boly
4n Thorzal Corfort 8.0, mar 93°7. All rocults hevs boon
ouarnrizod ot tho snd.
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Buacs opgenicen 40 oo of $ho ool intriento orpomisny
dovolopod 4 tho anturoe Binco Cho surreat rodol of tho humen
ergonlca 40 tho rogult of cvolutionuary prococoos over oilliong
of yoakpy 4t hap dovolopod oubotombinl cdaptibility o tho
onvireracatol vordebles vithin the vordd dn which wo livo,
including ito atooophcros. Thopo o0y howovor, ecetoin mntupal
caviresmantol eomddtiong that aro outoddo tho roach of tho
hutes bodngs remge of odontidility. But dm tho proscat age of
fool dovolepnent in Dmpinooping ond Tochnolony, pooplo orpo
boorning cudh Dopo eomeoracd choul vietory ovor puth cavivene
ncoatol eondilionse 0F tho vardown ottoophorie vordodlon, tho
teoporoturo and 480 pogulotica and ooosoelatod factorp rpolatod
Co huomn Charal oqualibrivn, prebodly oo of Loot universol
coneorn o potplaos

1.1

Tharo are G2 Lypoo of opealwron dn tho verlds
(1) Cold Dloodod or peliticlothorrio Osge Lincrd, £inhe
{42) tavo Bloodod of herothornio osge DON.

In tho £ired cavoy onirole adfuot tholr Soporaturo oad
B2ARg 30 ogenl to cavirerncatnl Scaporaturo L.0e tholr tempore
olure ond sutoddo tcaporatare 4o cluoys sondw

Iz tho peeomd caooy Cho body hao get eoptain fined
teopornturo vhdeh, of courpo, Vorios vwith opo, oon, oRd 0OOUOH.
ho body S0 comdimenoly gomorating hoate In tho stato
of ooty ap cluld nu!o gonorpatos cbhoul 70 [ ead/Mwe of hcote



©fs

Tacop Cho eorgitionn of cotivity, Doro hont vill bo gomorntod;
for oneplo wndor comditionn of uwévo onereioo Che heat
poGuotion exm dneronno Co 700 K enl/w of 10'&21:.:::: tho Dagol
notcholda rotosd Tilo hno soforcneo So  Appeadicos I ond He
S0 Dely opxoeraton noot offostivoly thore 4% roetol $coporoe
¢uro 20 choat 93°0 ond by vasfono nothods 4% fo contimunlly in
tho proeonn of pttomiing (o madntoln body Scoporaturo tithin
o ¢lono Solarcmen of that lovols Thio cdfuotocat procoss develvos
aontinuono Chorpnd anghcnno vith tho opvivennonte o peachoy
tho Gomporature 4o tho bLiofy ip romaloted 1€ tho atosonhorie
vardotiono nre wador 14niGp.

1o8

If o now 4o o oloy nlivoy hip WCorpol orgons mmast
oodntodn o boGy (Pectol) tcopapoturs of 3%  Iven though o
vardation of s5°P com bo tolorntod by o healthy nom, noticos
cblo dloeeafert ond donper 4o mmaﬂlly eoagcd by ocuch o
doviotien. If tho tcopcrature 15 moro Yhom 3.&3%9 tho brafa
colln ALY bo danonod izpoporoblys 4nd A€ Tho $caporaturo in
bolou $h%P; tho netivitics of tho nwm avo pofuccd %o o grest
anteate ' | |

-t tho mam body tenporoture £ollo Co chous 24°%C
- (77°0) 20 tha thip Sooporaturo 40 nadntained fop oovorod
houpgy doath occuroe On Cho othaer howdy o Scoporature higho
¢hen b or %5°6 (112°P S0 113°7) codntatned for mopo thm
o beicf perded Doeonog Latal 223
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vaco tho huntdity 1o scroy quito hirh teaporaturo ecn
 bo ouotained by o poscon for o comoidorcblo laagth of $4o
Hovcrory profuso guonting cocuro in cuch on cawironacnt valch
hoy Actydrato tho Dody S0 ouch on omtont vadeh roy cndongos
e1poalotien of Dlood to the (it  If 4% 4o proveatcd by
goplonn Criiiing of valcry tho lopo of o6l 4n the pooat ooy
infneo heat eronp, viadel dovolopod tudh pols cpd pardapo
opocoedde (owdden) con‘craction‘,Of.inuScles;‘

4 DAch donroo of optosnal Soaporaturo, coupled with
Bigh heiédty rondosn 16 GA£P4cult fop tho Dedy to lego hoot
by oithor redfation or voporiscaties, pustretto ms thea aﬁm;
“hio eauson ecosotion of cuwcating (thorofope épy, hobt diiin)
£0d o vory shopp $400 4B boly Geoporstures Fuloo Foto ond blood
prosoueo go ,-,...“,, Iho popoon bogonos ungrnecionny with
| £u06100 boeming Anaativo, ho moy bo dolirdous (ncntol dicordor)
or in comvalodono (£iCo of loughtor of hyotcoiode o body
taoncratupo ooy pioo So 110%% A% thin Scopopatupoy tho brodn
colls awo quiekly cffostcd and  4rpoparcdly doctroped, ualoso
the Scporaturo 4o qalcidy refucced by 4o puoko ond gold Hothos

I ¢optenot Co tho eanditions nontioncd &0 Mevo poroe
cz'unh;,' tho befy tcoporature ooy bo posinl of oven o bAS bolov
nornoly cnd tho clsfn 40 cepl ond rodot (eloonyde Tador thooo
conditiono, tho HLeod prosourc goos lov ond puloo Bosenos VoOry
ropids vt ond cofts Aderly podplo and thooo fh onfocdlcd
. hooleh %o Dopo pPoRo So LULlor fren thio Srowdlo, Mmewn oo
oot .zhaotions



whm

o ddovo diocunnicn shove quito elearly hov doportont
tho theomorogulation otudics aros If o oon hoo to vorl:
offictcatly in oGd otnoopherie conditions, cnd undos sudden
chonoco of awiremnaatso, tho thorneerogulation nochanion sheuld
 bo otudlcd i Qotodle |

In root natupnl awironnontagrectal genpopraturo of
¢3°p ech uminlly bo nofutodned bY . wearing olothose If,
hovavor o nam o enpoped to o vory hestilo cavirommont guch 5o
onoeo anplorntion, undor totor aetivity of hanardous dmduotriol
eonditiong oueh ao ool nill operation or tining vork, tho
vooring of elothos omd phyololegiesl tharmoezosulation (vhich
rogulaton tho phyolologlenl thesmal bohavious) ccpmot madntoln
tho inside Scoperaturo vithin 25°P toloponecs /n omtermal
¢hornol pogulatien dovieo vill than bo nocdeds I ordor %o
dooipn of control ouch om oubornal therpal rogulation dovico,
ontenotvo kmovledge o Foouired of tmtoramcl hody hoot tronsfor
end 0o rolationship vith cnvircmnont. Thip ¢All ncoeospitato
tho Covolopnent of nathcintienl nodolo of-

(1) o gyotcns vnich doperibos tho phcachonon of hoat

Sranofey tnoido the body, oud

(14)  tho oxtornol thamal wogulotion dovico vhieh ecntrolo
tho czdiont (cdjoseant to diin) temporaturos

1s3

It has alvondy bosn noticod that uador chaormal
eonditicnn, body croatop 4Cp ova fd croonvircancat Co havo
gatiofactony thcstowporulations. Shivopdng 4o Shovo for eold



wonther azé owoating 40 cgsogiotod with hot enos But vhen tho
conditions go bcyem tho ctono  of Dlerocnviromnoat, 4% io
nogoooasy (o provido ontornal woang for fogulation purpon.
For oold woatic?, of cournoy ¢lothon eon provido good tharmoe
rogulation. Dut in omtvcacly @old surrowmndings ocono ontvn |
hooting noans 4o noeosoarys Wat 10 vhy tho pooplo pif nooy
five In vintoroe Quito oppooito 2o tho enoo for hot crvironnone
tol conditiomss Cooling of bedy beernop mosopoorys Thio do

¢ho poncom thy 23 botho givon eonfort in owmORe |

Jtolyddk on€ Bowéy {6) noed thy Shopnol consntion
oealos for tampoepetuso 2 doodonnto tho Chernal obato of tho
nem f.0¢ hiov o oap focko undor hot and cold conditionos Thogo
pero $ho ATARAL pealo uith DEUFNAL dnotood of COMFORT/BLI'
and o oocond ponontion gaalo for eonfort ob follows,

CONTONTADLS = SMichG TDOOMPORTADL? w WICCUPONTADLY »
VI8 WINITORTADE

Thogo ¢ ono grod onompleo of typhold fovor in vhieh
20o0 fnoldo tomporaturd of bedy goos upto undeplroblo oxtont
or othcp omnplon,of porolyphofd vacro tho boGy Semporaturo
goon Cowm o wndoodrodlo ontoate IR both ongop oaxtornnl neano
to Pogulato thio Scapornturo 1o ooocntinle In tho formor cane
4% 4p otiticopled Co Tofuee tho tamorature of body by hoeoping
. watted oteipo of alothos end in lotor owo 4t Doesmon oscential
to ingranoo ¢ho tomporaturo by 0o othor hooting nechonioe

Suln oveating io both o protostion an woll os o otroos
to op aotranout. On ono hond 4% 40 hio boot protootien orodnot



ouddcn bedy honting, ¢n tho othor hapf 48 eonoco Giseonfort
ool dchydraticn i o posled chorbor o cohin ond conptituton
o BRdoeodedlo typo of hoat lood on oy accennoywinn olpe
ccnditioning ogalpnents. Coolimg offostilveaons of ohidn owonting
Ar0e tho obality to evoperate pucot ob clifn surfece dependo
vhaolly on czvirernental factors (Oefs Sho uno of venbilabtod
clothing, tho prosonco of lov cbiont hmnddity end ofr rovonont)e
Poyal Alperaft Dstablishnent [b] fomnd & moval vy of
thorme-poqulation of o pilet by devoloping ono tﬁzz;o of ooy~
gosnents e andorgomoent wooo conduction eooling oo o
ontornol neang of thavnerogylotion. The onbornal Thores
gomalatien dovico 4o ecnoidored to cenplot of o mofuvodl of
Suboo thich 4o hold in ¢ontoaet wilh tho oiin of tho poroom.
Ldcudd coolan® 10 asomacd Co bo floving conotontly ingide tho
Culice T contool of ontarnnl Shorond rogulntica Covise in
porfornad 4n sueh 0wy it 4o roguiPencnt of Dody thornoe
noutealily is sotioficds Thc ohiln Ccpovaturs covropponding o
tiong vould rdpdndoo Cho molupnd Phortoerozulotory
nociiondon of chivoring, ouveabing ond voseuloy odivotioontos

eondor ﬁ oGl

In Gho present wagk tho outhor hao twiod to cnelyzo oomo rooulto
forr cuch peheno of antognal Shormol zogulatien to shovw hoy tho
vopgdng coomts ond vorying dnleb SCojopatures of coolant noy
bo cploye te molotain o microcavirennont mons hunen dedy to
roap bim 4n thorool congerte Alco tho offoet of ehango in
rnotehollcn (wnich Doy Ho congef by ooy Foaso® ooy hcavy voslty
omcredne otes) 0n tho variatisn of Dody Ccoporaturo in studiode
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The body 15 a material mass with a corresponding heat
capaciﬁy, that 1s, at any time an amount of thermal energy is
stored which ig appx'o:dmataly proportional to temperature.
then there is temperature eqﬁal.ibrim, the body must steaﬁily'
digsipate hoat at a rate equal to the internal generation rate.
If these rates become mismatohedg the internal temperature
gtarts a corresponding change (either rising or falli:;g)g The
gross information flow diagram for the complete control system
is shoun in Fig.l. | '

2.1,1

For thermo-regulatory modelling purposes, tho controlled
process ¢an be divided into threé different regions [15] and
these neeessarily Iincorporate the ILfollowing actuating
mechanism, -

2.1.1.1 The deep body or core : Comprises all the body except
the skolatal miscle and skin, but in particular includes the
viseera and the CNS (CINTRAL NCRVOUS SYSTEM). The fact.that the
material 1s definitely not homogeneous add to the difficulty
of mathematieal modelling (Chapter III). Much of the basal
motabolic rate (BMR) 1s generated here and must be dissipated
to the environment, The BMR is controlled by the endoerine
system and thus to some extent can provide an actuator for
thermo-rogulations | |

2+1.1.2 The Skelgtal Musele : generally surround the core and
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Wﬁfm pother roro then ano t&xﬁra of ondn Body uoipht. Thoy

aro of porticales imboreot dm Goopcroturo pogulobien bosauso

thoy ohiver vhom tho oyotcn soolos Thio ohivering io uncos
ordinntod {(nornal tomofca produeing eporablien of on antarsonde-
otic pade 90 cowopdinabod)y oo that all tho cacry inpus cppoars
00 @ heot Slou $ngbend of oo oo ochonienl vorks Tho cesnony

of eotpencnt dopignt ig worth nothing horo, Choat 4o ¢ho tugelo porvos
o possnfl ugafwl purposo oo patvntor in tho Scasoraturo control
syotcn da cdddtion To iCo prroounod pRicary but 4ifforcnt purposs
of ciiolobol pooturo opd covcacate ™o Uonie combrootion of |
tholobok ousele  tusaleo, eoobinod vith thoip inhorent
inoffieicnay in mvmm ehcdenl cnorry Go DoGaondienl cnox*w,
alep noies tho ouoele pozicn ono of eontinuens Bl

tho rin providan cnbornal covor o tho mus elo

COLCe m:az’msﬁﬂnm othey funatiopo 1% 4o theroforo o ghermal
moalotor for the toaporaluro eontrol aystcn, a?.ﬁwugh o very
oetivoly varfoblo enoe 1o nouwlation offcgs 4o dlpoetly warded
by tho voocomotor offoet vadeh doeroncon blesd ficy Co tho
surfees (Vawmaﬁeﬁa@ionm) o hoat Joop 48 to bo rodnesd,
o vigcevorps {vaoso- G2alageral)s In oddition thoro 2o o
neekanion of suoating thvoush tho ghin poros o poodues tator.
ovoporation and thorofoso dneronned hont losce Avart Lron
ovaporstion, the oiin alge loson hool by eonvootion and podintion,
thch Eho ckin ig Rollce than Sho onviorononts Wopopation ollows
tho organicn to ougvivo anodnot on cbvepoo Ccpopaturo grodiant
{cohiont mrﬁzeﬁf than clifn curfoco) wicn tho othor codes produeo
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o 806 godn of heot o tho bobys

oy fuyry onionloy hoir orocbion 4o cnothor suwrfaco
phczencoon wileh peGueos boat loss againot cold voothore Howovor,
pugh calraln eom 2ot oveal profuocly im hot woathop {for omomplo
tho a3 Do 2o cuoat glondo oseopt on tho pow podo) m& hongo
tho prntien phceencnon hes been Grolvod Go dnercago cvoperation
fren Sho poopiratory poglons copooiolly tho Goamuc. Rovovors Cho
loot Cua offcets avo not coplienblo foz hwnann boingo.

D10 eirveuloting blood ployo o lopge parté in achioving
hoat Cranofes cromn thoso (hpoo soglenp, ond therofopo ohould
1dondly Do eenpidored o fourth nochonicn &n Chorewgogulation.

- X¢ hao boca potiofootorily dotormined thot ¢ho bedy
contoino both Goop ccaltrol md oizdn Sharmwegceoplorns a0 woll
oo peno othors for oncrplo 4n tho Pogpiratery troets Tho eontrol
rogoplors ovo obviouoly aapieguo Co tho thormoestal, ond tho
ol poeoplorp provido oo clopo imfornation te cbicat afy |
conditionog oo eon eonvoniontly bo obtoined phyniclopienllys

iley

( opn, BAETp=popontops ¢ Two typos of Shormeroeoptors
hovo Docn Sacatificd dn tho diin [17,20]), vice coléd posoplor
and ot poeptorsc.

2ele2el O

o eold poccplor rosponds porticulorly to docrosning
oldn Scporoturoy DG Shore fo olondy-ntate tonle dipehargo
el vordcs with Scoporaturos Sho ohiin 4o nDoyo profupcly
oepplicd with thogo eold pocoplors than vith uvnrith PoGoItoORDe



oAle

a0 msth pogoptor poopondn particulorly o inercooling din
Scoporaturoy but oloe axhibito otondy ofoabc diochorpgos

2.102¢2 Gupabhrdrnde facomaeroaontonn ¢ Tooo rogontors {7)
aro nooe tho oife of Cho conlrollor for tho Lcopopaturo
porRiotion gyolcne Thole tiodo of aetlon 4o mol vwoll undorstood
bot o good corpolotion hoo botp Gconplrated Dotvoun intorder
hypotholarme Scaporaturs ond Sho lovol of leenl ‘sleu potcatiod’
in Chio pogich.

ﬁac 2 chows tho groso nfornation Llov diomprn ond
ipcludop tho individual £0od ot pothoe

Tho hypothalemus 10 cought to bo tho ‘eomtroller for
thoroogFogulationy haviag tvo eotpleomtory 0itopy tho heat
nodntonones combeo  oltuntod 4n tho poptorior hypothoalotun,
and tho hent logs coatpo oiuotod 40 Sho ontorlor hypotholeruo.
Dy cmpordoontol enlopinodpie worky, 4% boo boca found thot tho
heat leos emtro wsos 0oro Sciporaturo infornaticn (Oy hypothe
alcnde Chammapoeoptors) o drive tho oetunting vordchlos of
hoat Xooo. @vmﬁim io tho mﬁmwy noehanien for ougncnting
hoot loogy but thio 40 nided Dy vacedinlntion (Giseupged in
nant port of thio choptor) vadeh dneronsos chiinm toaporoturo ond
algo providen tho nogopoasy Lluld for wayaﬁ-aaiam ™o hont
nodntcanned ecatro hovaver emﬁmla cugelo notobolicn on tho
bondp of Hoth chidn mwd espo Coomornturo Ifordoticns Pigs 2
phoun tho pothvayo 48 om fafesnotien $lov diogron. (Eho ploeo
0f Gorninotien of warDth TosopSoro has mot bocn 1dontificd yotde
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Tamorature rogulation 1o o 'highly, co-ordinated
gunction dopending fundancntolly op tho aetivity of Central
lorvous Syoctens Two mechoaniong oapre involvod o

Roflez ond Contrals

i, stimulotion of cutancous tcmporaturo neeve ondings
rofliomdy poto up approximato bodily rooponse o.ge pvoating,
vapenotor chanpgon,y panting o2 shivering.

2s Tho tamporature of blood bathing the hypotholama
diroatly offocts 1% and likouise sots up approprinto reastionsg
thus heating the region of tho antorior maehalﬁmng rosulés
in tho manifestation of hoat lossg o.g. cutamcoup vagoe dlalation
ond guootinge An injury to the Anterder hypothalaous in aninmale
dooo not impair tho normal reaction to oxternal coldy but
annuls tho normal inorcasc in hoot loss vhieh oceurs im hot
onviromoeonto. An injuwry to tho Postorior hypothaloous lilowiso
cbolichoo tho pesponsos to external heat bossuso tho doseonding
£ibwoo fren the Aptorior hypothalomus oro fntorrupled, bub inm
addition thoe rogponse to ecold 1s clso cholighed. Tho sntorier
hypothalomiss 4s thus tho centsre’ for responses te ‘rising
tomporatiupos ' and tho posterior hypothlamus the contro foF
rogponsos to falling "%emp-emmms’g |

The hypothaloamus, boenuso of its ecloso eomnoetions vith
tho tholamus, roeoives all tho appropriate affer¢d mosvo
impulsop. On tho offoront oide, it bas aceoss Lo doth tho
sonatie and tho cutonomie norvous syston and can thus nodify
musoular and grondulor cotivity, eutancous eireulstion, ovont
pecrotion and pulnonary vantilation.



o%

o minalp poopend appropriotoly to ontornal hest
and aolds but eools dovn AL loft for o long tinc dn a cold
roote A Did-broin ppoporation { le0e with hypothalonus et
ofC) 40 ¢old dlooCod Ls0e 40 pasoivoly follows Cho teoporaturo
of %o owrpoundingos 40 0 Pooult of injurics i non to tho péno
and DoGullo, o Pise of £oll of body Scporabure poy rosulte
Tho grontor port of bogy 4o poealysed and 3o cub off fyem tho
hoat roguleting ecatroo, and thorofoso follows poscdvoly tho
Seoporctuso of tho suproumAingos 12 ¢ho vosthor 40 wommy tho
poon ovey heatofl, ond tho pationt woll teappod up ond pusroundod
by hot bottlony tho *Bc;::pcm‘cum of tho paralysod roglon £i000.
o offcrent irpuloes can pase wp £ren thic roglon o tho ecntroo
ot tho booo of tho braliy nop o offorcmt dmpulpop roaeh tho
affontcd t:fmlua or Diood vosoolpe Tao Scporaturo of tho thasle
b@éy‘ Chopofore piooss Sioilarly 48 o pamiyaaﬁ 2ogions opo
eoolcd, tho geaoral teaporaturo £allos

2eldaly

o body, co for on Ucoporature rogulation ip conecenod,
ccn DO Qivided into o ooatzol poglon (tho anx*é),) vaoro tho
temoraturo vorlon vithin narpoy 1879%0, ond tho outer sholl,

'tmﬁ.ah conoioto of ooro pordfnl Cioono tnore thoro aro eonnidops

ablo vardotionn in Caporaturos {123 o bofy roopendo in o
arhor of uayo to thommol ehmmpgos, 4% boing wndorotood that tho
vardonn Sypeo of £osponnd oo not charpdy divided bubt oudjost

‘G0 0000 dopoe of ovarlopes hica tho dogroo of thormal strogo (hob

or ¢ld) 4o fnoufficicat Co aetivals, thowoent glonds oF enuso
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n&i&mﬁm’:, tho phyoioal rogulation of body Comporsturo depondo
nalnly on tho phyodologieal centrol of posiphorol eivceulntiocn,
thia 4o oohicrzod by odiuntnent o vascootor topaos

o foet that eoro teporature variop vithin only a
oooll Pongo, ovon dn tho provence of vido voriatien of thovnonl
otropsy hag hoca uocd Co dotornino Sho proscteo of o populating
oyoten for intepnol body Coporature of' tho nogative foodbaeks
typos Gtoluifl (1970), [18) conoidored thot tho offccat notivity
wmawﬁéﬁ with thorto-posulation tmﬂﬁ bo Gividcd into thwoo
baslo ronges, osweating, ahdvoring and vosonotor cotivity. Affaront
infornation io dopived fren Guo sournon, S T Poesptors
anG Goop body Fecortors (vhich aPe pituntod 4n Sho hypotholcrus)e
© Tho blogk dlagren valeh rolotos sll thoso poranotors ip chown
in Pife3s ' |

flow tho various offoromt ond offeyont pothvays intoraet,
108 nw vorikorg $o goeht on ovorall alratopy dosaribing tho
opcration of tho oyotes IE 1o undorstood that ¢ho thommorosuloe
ti0n in huacng fo comnting frem o boode conteel systoas, uhdeh
1nflucneo ooeh othors Wicco comtrol cyotens aro €oro oyston and
tho pordphoral gpysten m& oro cenniﬁnmﬂ to ha tho gogend ond the
£ivot 14no of defoneo a'osnmwalya [12]

Mo girot 1ino of Gofemeo (pordphoral oyoten) rofors
to tho body’n eritienl vonctions 4m tho foeo of onvirommentol
changoss Tho overrlding élgw%&m of miqmal eontrol gocts to
o that heat chould alvayn Bo prosorvod in Cho corc. Boeauso of
i%0 wolo ap a Lirot lino of dofonooy tho offeront actlvidy
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npoosinted vith thio thornl eombrol gyoten &n conoldored to
bo prinsridly voreootor oobivitys Sindloply, i thio sontrol
oyotady tho prino coureos of afforcnt etivity aro tho gitin
éoeap*cwm Thuo vach o chango ocsarn dn tho anvironontel
tonporoturoy tho ghiin roeoplors dotoet Uhiln chango mné tho
gontpol oyobcn pogpondo by preducing tho opprepriato Qogroo
of vaco emmgtedction of vooo dlalotions I Shooo DoasRIDYY
npo affostivoy homopntaoin wALL bo onintnined and Cho copo |
ﬁmpwnwé ALl mzaaﬂn in o stondy otobos Hovover, 4F ouch
yapotiotor odfuotnonts provo to bo intdogquatoy tho thorpnl
oqualibriza of tho ¢oro vil) bo upgoty and tho rocoplors in
tho hypothaleoms vill prommobly dotost o chonge in ampemmrm

Cnce tho roeoptoro 1n tho hypothaleoug Coboot o ehango
in {caporaturcy tho o enllcd socond lino of defcacy io thoughb
to bo ackivateds By virtuo of tho feot thot eho tharnal ogole
4briun of Cho hypetholcoug hno Dacn dfoturbcd ot ally fho
dogroo of memx. atropgo Lt Do gigpificant and tho pooulting
offoront aetivily would theroforo Bo 1ilicly o produco groos
conteol oetiono oush oo ﬁa&w&&m or ovontings O tho othes
honds $ho poziphornl contoel gynten vould bo prinoydly dnwvolvod
in pingrdsing Sho offoots of cavirornontol ehomgos dn Senporataro
by pdjustoeate dn vaocooter Comoy whdod 2 Curn preduso oltor-
otieons 4o awporgleiol diood flot



Pe2

Tion $0 hemooothornoly S+0s ho matntoing hio body tompos
roaturo ecnoliont ingpito of wido variationn in vaviremmcntol
tenpopatures Tho torn bely tenornturo foferp $o tho (enperaturo
of doepor structure (cage wisesra, Liver, broin)e The ckin
upwally hos o lowor temparaturo thon $ao deptho ot tho body.
Ehio providos a tompoaraturo prodiomd uhich locds to heat looo
feom tho dopths to tho curfaco of tho body ond theneo from tho
purfoes to tho cuviromaonts In hot countirios, thooo tomporaturo
grodionts moy bo POVORHol. |

e pormal dogp body toporoturo in mon of root in
y7°F = 9945°7 (36°C = 37.5°C)s In o hoalthy individual, it 4s
oluays kopt fairly elogo to the lovel by molntaindns a baloneo
botwoch hoat godn oand heat looos |

el

W2 heat gnins 4a due Co,
1. Ioot nroducod in tho bhody,
2« Hoat toliem up undor eortoin eireunstonees fren tho
- owdrennconts

2e242+1 Hoot Produetion ¢ Heot nroduction 4n tho boCy moy bo
duo %o Cheoo ponoono,

ge [lotobolic hoat ponoration
be .moeloo
ev  Paivorsng.
lcat 40 produeod by tho notobolie cetivition of the body.
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In pCmo orgenns outh oo livor ond hood't, hoot production is
polativoly coaptonts On tho othor hond, oholotol mucelo makon
quito a vorichlo ocontributionto hoot produetion, ob root vory
13¢tloy In oxoreino, a pront dools Puneular eontraetion of
ohivoping Saos plaeo in eokd w&wnﬁmeu %o produeo hoot ond
playn on dmportont part in provomting o fall of bedy temorature
nbdor gueh cnvironnontos ]

Hoat produstion undor ptondord posting (boosol) congite
dopo 10 omo K eal/iio of bolly wodght por hour op 37 = 40 1% eanl
(Corcndivg on pon) por oge moter of supfeco aron/hws (Thio hoo
roferonec o Appenddn Il)e Thio output uvsilo out ot cbout 1700
E eal/duy in on averogo oon end 1500 I enl/doy im an overapo
veoane Lodorato phyoienl aclivity dnorcases hoet preoducstion to
o Sotol of 6000 K ¢al/duys 1f vory hoowy vorl 1o dono, tho total
heat output mey riso to 16000 K enl or moro por Qaye Short
burot of cxbrcnoly covoro onoredso may dnercago hoot nroguetion
Scporarily o 10 » 16 Sinos tho bagel lovoles T2 gooeific hoot
of velop o0} feoe ono {sz:mlzy) eatory eatoon $ho Scmeraturo
of 3 0 of uatar by 1°0: Mo spoetfie heot of physlological
‘ooline ond thorofero of tho body {waich fo 80 por ent vnbor)
85 olso mpprominatoly Le facreforo 1f thoro WQ uo heat looo,
tho tcmorature of tho bogy undor bagsl mamwma rioo
by 1°C por hour ond Aauzr{gfifims ef pornal notivity would ripo
by 2°C por houre But oo officlant cro the peehonism for bring
chout hoat loss that enly vhaen vworl g hoowy of vaon tho
caviremientol con@itionn Antceforo vith heat logs moshonden,
dooo tho bofy temoraturo rice woll cdovo $ho marmol sPonncs
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0n cudden cxpostpo of o Kudc man to tAld eold (10 =15°C)
tho dmtornol body tcporaturo pipcn indtiolly ond noy romain
olovated for nony houro w&ng ouchi ommenuroess Tho ohtin $CInce
rofturo fallp giving rdso Co Antonsco ncnontien of cold ond
. peplcdie ohivorlings Heat preducticn 1o rafocd Quo $o ohivorings
e folling oiidn Somperatire stimilates tho otrong phooie
rogacnoc n tho pordferal popoptoro ifaﬁah in Curn ¢4ghtcno
vaocecaotrdetion eoupipy Cho subdjeet fo curl wp ond cousos
bouto of ghiveringe Tho «vo feodback pature of this rosponse
£4P0¢ w0 pointod out by Basott [27] 1o dmportonts ioch bout of
ohlvozing ecupos o rioo in ohin temporaturo vith on cocosiotoed
2ooling of wwoth and a coooatidon of shiverins. Hoad lons o
incrcaped, olifn Scoparaturo agaln follo and ohdvordps 4o ogain
ptimalotcds ACROr nony hoursy tho coro taporaturc nay oloo
€rop cad chivesring bueshios ecntinuouss wwantunlly tho roeontors
of hypotbnlemus poy cooiot dn this gbiculotion of chivoring.

2¢2e102 Chcnienl ConCiol ot Production ¢ Preetically oll
tho heat in honop body Lo dorivod £yen tho oxidntion of food
otuffoe o coount tolkon dn vith vorn food ond drink 40 olooot
noglipoble. Tho cnount of hoot produecd vorlos vith eireunotom
neon {Mopendix IXY) Ozidotions ond thoroforcheat predueticn
tolon plaeo 4n tho Sisouos thomoolvag. Evory tioouo condpibuto
obout ono hnlf of tho activo strusturos of ¢ho bedy, thoy
furnioh tho larsoot omounts Glando are of ninor funortonco.
Inepoaoing hoot ﬁeoﬁuctﬁm ig, thoroforo, oehiovoly prineipally
by incercasin: the aetiviﬁy of UpSlos

DAVEOL DY

W ol
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thcn o eold blooded andcaly for onamnlo o Lrony o
pubjoetnd Vo eold onvirerncont, tho cvount of notohbolien grodu-
ally doezcngogs o hoot pieduction ip corrospondingly rocuccdy
thio peoults In £all of Loy tcomoraturos Who poldlidlothomn
{cold bleoded) follous Tho rulo that ¢healenl astion varios
dircetly co tho temporaturo of tha reacting asézmm

In waro blooded omimals (dunom algo)y nadtors oro COPo
eomplieated, for in them both the omount of hoat produced and
hoot lost esny vithim lioifs, Do rogulatods

Tho cngot of ehcdeal ropulaties 40 ushored 4n by an
inercano dn muselo tonclcn ohivoring, chattoring of tocthy ond
gea00 pimoles [22]e Shlvering (valeh ooy bo eallcd involuntry
jﬁzzcraiso) usually begms tich the siin tcmeraturo hao dreppod
fto tppreatmatoly 19°C (66°7) end nay 4nescaco omidations by

0o s oo LOC pop ecnte

¥

| '3.2.1.2 Hoak, Gainod fren tho "mudrericag ¢ Tho body ecai calio
heat from the fhjcets hotter thon 1toolf, oueh oo by dircet

| roGlobion fren tho gun ond hestod grend. In nany inataneso,

,/ porCicninely 4g dircet ounlipht and in Indactry, roGlaticm do

/ i tho largoot olenent in tho hoat loads

,// ' Farnore and ndlitary porgonrol aro cxposod to diroct
am} pofloeted cnopgy oo tho oune Tho diroet rodintive 1@&&
log full ounlipht om o Fudo nom may  oxecod 100G Dta /hRe  1aibo
/’ clothing will rofloet tho cnovpy 4n tho sheptor uvovolongiio,
thorchy podueing tho colar lond by oo rueh oo S0 pop eomte A
SUPONECo e PeOVO NOot of thig solay iaaa 42 4¢ 2o ot oemo
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dipgtaneo fren tho voaror ond if froe gonvooticn 1n nrovided
undornaath so that build wp of air Sconorature 1o avoldods

Lawpgo cquipnaats opcrating ot high teopornture &maéos
tho secmo dn netal oro poduetion, foundry operations, glass
nezufoeturo cnd tho 1dko. Jainrond poreclain ovans are major
contridatore in tho hemo applicneo induotvys In nony instoncoes,
ohiclding ean bo Introduceg botuvoon tho ssares and tho vorlicr
Co intorrupt tuo trangaisgion of tho rodiont cnorgys _uefaco
treatnmt of the souran (Vaint, inoculotion) of worker (rofloetivo
elothing) offor altornotivo colutions wmder cortain opoeind
odpeunotaneans

inds typo of hont Intalzo 4o independont of tho tomorature
of alrs If howovar, tho ai¥ teporaburo axeocds thot of tho shin,
Cho bedy purface taltes up cdditdonnl heat fron So imcﬂinﬁo'
purrouniings this sort of hea® mw 12 o preal bm*éen to poople
livins in hot eliratos. | o

30202 f) : zﬂ“:

#aot ds loot frcl Lho bedy in sovoral voys.
1. Dy pndlation freoy Lho body $o cooler ¢bjonto of o

Giatena.

20 nduetion ond convertion to tho surrounding atmoophoro
i o tomporaturo 1o lowor (:imn thot of Gho boedy (o ralhor
Chot of dikin)s Tho ole 4n imcdioto eontoet with oidm S0

vegncdy the hoated molecalos nevo oy ond eooloy noloeulos

ccno dnto tolio tholr pleco, thogo dn Curn oro vornod and

pe tho precono goog obe TNC00 oip mvc:‘xmtf ecnotituto
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comroetion currcatos

3+ By gyroopntion of vatore. Tao foct io thot thom 1 gran of
vater lo eonvortod inlo wabar vopor €58 {4 6ol of henk 4o

ncoded and bao Co bo Saxcn wy fren Cho cavirennont, this heob
boing Lknotm oo lotemt hioat of voperdsation and io nosoured in
T cal/prone Cno Anboropling foet 1o vopth quoting horoy B
golobion to cvpporalions Tho cvaneration dcpcndo on ohopo ond
0100 of 0 pane Por o vary fob mon, ho voluno of body is noro
thom Sho surfoeo aboss Bepeo tho hoat dinoipatfion aron 10 loos
ond hengo mete £00l nepo diogenfort 40 o4d pongengs Tho €890
io epzamifso‘ié thin poroonos

Evaporntion of vader tokos placo fren tho lungs ond £oon
tho okins wvoporation of ouost 4o tho prineipal Doomo of hont
- lopo vacn the body tcporature tonds to ripos

™o gifforens moﬁhfaﬁs cnd poutos of heat loop aro conpid-
ored copo fully Dolei. |

2:202:1 JHodintion ¢+ Tho a,.:;aafmdm of hoot loso o gain by
roadiaticn ﬁo@mﬂn on tho oigo of tho boly curfaco (oo nentioncd
abovo) ond o tho ovorope tepopaturo difforoaes botvoan Cho
oizdn ond tho mmnnﬂﬁna objoglo. Tho port played by the
écﬁiataon vorion widoly vith tho ¢linmatic conditiong. In 0 hot
elinnto, posting poroen {woaPing ordinary elothos) lonos cbout
60 por ecnt of hip hoot proquetion by rodictions If ho io
vorlidnz, olthough hoot preduction 4o inepcaced, thoro 4o mo
grost dmercoso in tho chooluto aivunt of hoat leot by rcdiation
boeonoo tho ohida Scheraturo pio0o only oliphily {Curing vork
tao pcoecntage of tho total ncmi: loos valeh 4o Cuo Lo rodintion




obyiounly boechacn ooollos)s

2:8.2.2 Jumnp ¢+ Tho anpooed olr looving tho luags 4o ooturated
with untor vapor ot bedy tcmoratupo. Thio watop is derived

by veporigntion fren tho Dofof pueouns nchronos of Cho roopls
ratory poooagog. Tho coount of walor vopor Caliom up dopcnds on
¢ho 4ndgiol otato of tho fnopircd odpy thon dey 4¢ taltoo up
good deal but thon poturotied vith wator vopor 1t tokeo Wy Rono
a¥ alle On tho avorage tho wator Aono £3¢l fho lungo 4o thoud
300 ol por dayy oquivelcat o o heat looo of moaply 200 § col
S400 (300 3t 053 K enl)e

Come bofy hoat 1o alco lopt vin tho lungs by rololng eizo
tcoperoturo of tho ingpired ole Vo body tcoporaluro, thoroforo
o amma@ in puloonery ventilotion (oppoeiolly vhcn tho oip
io Gry ond ml}‘ inorongon hent looos

2024243 Siin ¢ Hool logs fren tho oliin oseurs by conductione
econvogtion to o dogroo raded varlog with the teporaturoe gredicnt
botucon the ohin cnd ourgounding atroophoros Csdn tclparatuso
vordos Gipoetly with 4fo bloed flowvg tho ealibro of Tho okin
vopooloy ospoeinlly thoso in tho hendo ool ond faeo wvhleh avo
uador intenpo vooecolor eontrol, cam bo nieoly adjucted to
vorying body nocfies Tho nomo of vopoDoter control for nom ip

tho norrot mmgo of chient tcmporaturo Dotuoen 23 mmé 31°€ [27]
ané Soopornturo pogalation offosto oro nindoal invelving olight
altornction dn vasonotor Semo ©o hocp tho hoot leoo opd hont
production in necurato balancos .mtoranl eold producon euboncoun -
vage eonotrietion and congoquantly rofuecs ciin blecd floy ond
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@ceroapos hoot looosy ontornol heat boo tho oppeoito offcats.
no £flo of heat £red Cho Dody dopths To tho shin 1o Dainly
Guo €o convoetion vithin tho Doly L+0s ' tho anprione of host
gpen o doptho to tho amm by thoe wvorn blooede

‘ Moz ¢ Untor S0 lopt £pga Cho oldm by
Os :insomzbla go?mﬂmtscn
De sum‘cs.ng,

2+242:%e1 Inpepniblo nopmdration 't Thio eomsiptp of tho pnocogs
of wvatop by ﬂii‘fua&oxz %m*omb tho opddomie (4¢ 4o ealled inoce
noiblo bosouoo 4% ean not bo poon or folt)y tho fluid loot 4o
not quo So owvoat glemdos IS coounto o 600 = 800 pDl/2b hwo
oquivalont t heat looo by cranoraticn of thout L0 X eals I

1o protuccd ovor tho tholo bLody mwfaeo at o £oirly unai’am

pato ond 4o larpoly indopcndent of tho cvirenscatol eonGitions.

262026102 DI fs‘ii, ¢ Bocauoo of 480 outatonding irmortanco in
gormornturo rogulotion, Whio nedo of hoat (apé wvator) loss
rogairos dotallod dipeancicn.

@aoro oro G Uypeo of owonl glanfs ip ocm

1. CZCCRXID ¢ vhich are diotributod gencrolly evor tho body
purfoco ond soeroto o Giluto colutich comboinming codlun ealorigo
uros ong Lastie ceide Tho [aCl eomecatratica 1o vorlodlo deoe

Cel » 0437 Do ectdle gewdne glonds aro dcmoat en the poing

oed coloo, Gompo on €20 hend ond rmed looo donoo on tyual ond
ontreaitions ;ﬁcerzmo glondo oro ownplicd by erolinaorpie £ibrop
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progont in cympathotie mepvops Atropcno imhibito cespdno

suonting.

2s ZOCRXGT GLATNG ¢ dovolep fyon halr follieloos Ty oo
fournd padnly in tho anilia (thoush oceevine glondo oloo oscuw
haro) round tho nipploos

ipocrino glands oro not ouprlicd By Joepltary nepvos,
but oro otiralated by cdeomoline earricd &n the blood stroom.
Atrepino Coco mot inhibit ¢his scorcicns

In tho hunon andilo opeerino sueal fo o pilhy odourlong
£3udds Zho typical azillesy edour Garolops oo tho ropult of
boetorial aétion.

202ﬁ3

Soepoticn io produecd by ddrost op roflon gﬁ&miatinﬁ
of tho -u:mma in tho opirnl eord, ncdulla, hypnﬁm:::aun or
ecebral eaptoze tecrine cueal cospoticnm 4o dmeroancd im tho
folloving conditionoe |

le Usth pi00 of cxbermal of tho befy tciperatuscs Whis,
soeallcdly Shornal ouoatimg 40 profinecd 4B Svo voys «
1) by tho rino of bofy tcnporatupo ﬁiz’catl.y" agfoeting
tho hypotholeode ecaroo ond |
$1) rvoflomly feeo tho otd—uloted "varm’ BOEve cndings
in tho ciine |

2 In coobionnl olotos (neatal guanting)y Shilc Cypo 4o linitod,

0o a rulo, Go o polngg colos ond andilno, thounn i amtrcio
¢agos A0 nay beecno noro goackalioods lental gueatins io duo

ipuisos oont out f£ren Cho ROPVORD Oy OB



Zho torn Qwaonxmamnin’ 45 unef to doneribo oncosoivo pwonbing
in tho rogion usually dnwolved in nentol ovontings .’Eho eongition
io Guo Co owor-netivity of ac::a‘i;z'c'a controlling owoat poepotion
and not to oy obroynoal bohoviour of tho glonds Uhonsolvoss
poduend by otropine of by gomplion blociing

3¢ In ezza?e;co, both thermnl and nental foetors play o paRte
{zin owoating ot povapotidenlly chosen lovols of ozoredso ondl
erdicnt oie temporatiuro hoo bacn otudics by Stoluifi(39] .

be Suoating eloo ocowro 4 mawnes ond voniting, in folnting,
in hypoglycocmic cnd in aophyndas This “ic éuo to oympathotic
aabivitys

5 ﬁuaftaﬁé?y owoating oceurs in ot ¢linaton tacn ppley
foods aro cnbcae Podn nopvo ondinso in tho pouth oo stirulatod
o preduce roflox owonting in tho heod ané noe

2e2ely

a0 poto ¢f thormol sucat scerotion o o hour
DAy bo oo high.6g 1.7 146r0y 8 = 11 14tro ney Do oot in § = B
houros ioro ucpally tho 2% bour nanimal scerction 4o 12 148rooe
Iwcpy Litro of oucat vadeh ip ovaporotod fren tho oiln lendo
to tho looo of 530 ealery of hoat £res tho bodys Sho evaporntion
of 1s7 1itrop {tho oonicry voluo for 1 hour) rooulls m a hoat
loos of 1000 enl. Shat of 12 litrop (tho rmaninal for ono day)
givoo o heat looos of 7000 B eals I tho suont doon nof oYaporato
foen tho okdnm but 10 viped ovay of norcly prno doun tho body,
no hoot lops occuro ob olle Zueating uncor ouch eonditions io
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uot uscleos forn of (ludd doos [26]

Ly veeying Gho coount of ovoat soepotod, tho chount of
heat vadeh Sho Dody com 1000 con cntond oVCR on ADMODNOO FORJCe
taca tho ontormal teaporaturo ozecods thot of tho body, cvopoe
rationa (valeh in practico nooms cmanmeam of gucat) is tho
only oobhod of hoot lopo avoilobloes leavy cwcating inmvolvos o
zandd logs of walae Sogothor with cd‘iﬁ fron Gho body; dohydration
and olco colt doprivotica vill cceur, vith tho usaol esascqacneos
of lov cardioe output, fall in bdlood proocupo, giddincso,
folnting ond cold nwaa% beodoneho otes y vnloos cnough water do
Grunl ond cdoguato cncunto of galt aro tohkone

tacn tho oxtornol oly 40 not enly hottor thon body dut
4o ailpo paturated vith walor vapor, hoot loss Docomog mpeasamo
boeaugo the oucat comnot craporatos Taws n o G5y ool ab
tcoporaturo of 2w0° = 260°7, no pioo im boGy Scmporaturo cecursy
on tho othcr handy o stay of 15 miputos i o mﬂs%‘ roca ab
23077 oy ¥ioo thoe ba@y ﬁm&c&‘a‘%@a to 100°0, |

Toparataro gogulation hao priorily ovor Che nadntononeo
of vatsr and colt balaneoy cwonting vAll thus eonflouc cran
Chougn 4¢ produeos ocvoro ddhydration ond norlicd onlt lopg, 4t
20 aprostcd only by eirculatory follurge

Ap cwont coneo £yon (ho Dleody papdd owvonting deaonds o
largo catancous Dlood flouy cnd thoroforo Giclation of tho ohin
bleod vopoolos Tado vaoedialotion 3o brought cbout by

le Tatopmal hool aoting divoetly on vonoolos
2e Doflonly fyend cutoncovs varn cndingo,
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S By tho rico of blcod tomporaturo ceding aincetldy en
VOCazotor 6omtrvs '

\ 2ottopno of cvooting anf ewulonowo vacsulor pooponso
i o oudbjoot onmpocod to hoat chowv nopkod roglenal vorintions.
Vocoinlation 40 odn arons poosooning potont VOCorstor eontrol,
puch oo tho £ingoro ard 00, aro mt Rsoooorily cocosintod
with oipdlar Pooponcoo 4n cx-cau hoving vook vococator Roppropentation
[93]» Cutarrous vocodiolntion 40 rooponoiblo for tho iidoration
of o vosonotive cubotonso (b2ndy kinin). Alco vocediclation %o
dopondont prioorily upon oympothotio cudorator £4brog. Sorn
vooodinlation in tho bﬁnﬁ ord foroarn may be duc 0 roleace of
oycpothotic vasoconsirietor tono, but tho main vacpdislotion
0% the foroorm b duo to the formation ond ootion of brodykiminm,

Tho eutancous vacedinlatieon dogroncon tho poriphoral
popfotoneo lovordng tho dinolotic prooouro, but 4o cecomponiod
by on ipspocne An tho cordics output.

2,205

The mouth Comperatupe pocdirz (opnl Somporeture) fo
offcetcd by local comditionns '

1) A pioleodingly high rendins 4o obtoincd inmodintoly
oftor o hot deict vhon the tomporatuzcs ef ¢thoe Ctompoporily
ueend mueous cachwans 4o boing xoeorded {esd £t Shot
of blood). |
14) A pinloading lov yonding 40 obinimnd
(0) aftor o cold dpint, wvaieh eoodo Cho cueoon of ¢ho
£outh,
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{b) 12 tho nono 19 blochicd, provonting tho pouth
£fren boing cloncd. '

A glwnnl vorlotion of 3°7 Doy oscur 4n ony normal
pcecen [26]s Sno poooiblo oxtemd of tho Solexotod diurnal
voriction la not oluxye Lully opproeintedy boeouso 46 4o vei-y
enuoual So tolte Tocords ot Croquont intorvalo Gurdng tho nights
Mgs 1C 1o ceooenly of tao nconvendcnt hours of 2 $o 6 Add
tiot fho nindmrs Scmernturos oro odoosveds

Ao tho oral tmpammd risopy tho hoart pato ineroason,
and vieo voroas

The wyeal todnopature riso during the doy 10 duo o
nuoenlor setivity ond nssoelated hoot produetion. Duridng oloop,
tho tcmporaturo £ollo, partly bosause of bodily innetivity ond
partly boeaugo of logop porfoet tooporataro rogulotions thicn o
hca_tmy pon 1o kopt in Dedy tho aoennl fypo of diurmal topore
abaro vav-ﬁaﬁim m::oo plCRos

A poveroo) of erdinagy doily routing, cegs ¢m going on
to nighC vority ullinatoly wvaﬁam the toapcraturo varintions
Win €oon not ocour duping tho £irot night, for ot tho hour
of Cho uonal nipinm {(Cege 3B Aulls ) Chopo 48 on donovotivo
dooldro €0 glocps AafGor o fou doyoy aeelinatisation ¢alkies ploeo
an@ ¢ho oloopinoos pasoos offe

Folloving oro tha fneﬁem aﬁfwﬁi@g ¢he diurpal variotion
of mwm tenarateros



Lro ¢+ Tho texporaturo in dnfomto 4o drpogular ot £irst, bub
poriedlesty pPodually soto fne Tomacratuzo ogulotion Lo
imporfont§ o £4 of seracping  eousop o 2i50,8; o eold bath
noy louvor tho temporaturo dy 7°F. In tho arod tho Samporaturo
ig padmerinly tho body 49 loos actlivo,tho elreuloticn io focble
~ond thore 18 loss powar of compangation for changes dn eutornol
Scpovaburos |

Menstruationt Duping menotruntiom, tho avorazo Scaperaturc io
at o pinipune It riges olightly dupipg tho mozt 1% doyng tho
yolting Somporature ghows 'a distinet riso ot chout the timo of
ovulation.s Puring tho cceond half od tho nonatrual eyclo, tho
valing teporaturo fo 99° - 997,

mopelnn ¢ &ﬂ diceuoncd pﬁ*w&mmly; "miaa rlgop tho

. moﬁ:aﬁwlﬁa hont aemm%nm to o preat cntante Inug tcopaturos
oo hiph a9 103 ~ 105°7 hovo bon pocordod In atholoten after a
roeo of 3 milose . | |

Pe 2l

0n cooling o (o3y tho moteholde pote mawmda by 7 por
ect hofero any indlenblon of ineronsed ruselo nobivity oots ine
*1io 4o probodiy o moaczwa of tho oxtent o waleh tho duetless
glondo halp dn tho “¢ino sogulaticn’ of Sho body tchperaturcs

1« fonannl lodudln * Zmpopuro to cntornal eold roflonly sticule
atog poepotion oi’ adzceanline vhich otimlatos moBabnmsm cnﬂ

doerganos heat looes

2¢

izmbornal eol@ (vio pituitary Shyrotrophin)



30

otinalatoo ¢hyrodd soereticn vileh dneroasco heol predestion,
nobdliscs Liver plycoszom and otirnlatos nooglucoronocens

3¢ (O tho ondmol 4o Sremoforpcd to o cold caviromicat, thoro
1o Liotoloptenl chongos in tho thyroid imdicativo of funeticnol
getivity. o glond bocoon intongoly esngootod, tho crount of
eolloid doercasas amd losop Ato offindty for hoaorotonyling tho
1inins eoclls boeeno eolurmar anf tho nitechondsrin cplop+o ond
boceno nore Aistinets | |

L “Excanl 30?{:0
scerotion of ctrencl eorticenidso.

1 Dpoouro o ontormal heat or eold otimlaton

2027 @

This torn 40 dofiBed ap o ralscd ecntral teparaturos
It rooulto fren o Gioturboneo of tho temoraturo reguloting
contros [Xvor 1o poot cormonly canocd by ¢

1. Infocticns duo ¢o boetoria (cepe pnouRonic), virugop
{ceg. influcnge) cnd protofon (osge malordc). o

2s  Tlpouo @lobridutlcn, ac Lfop oncmple ik earGioe dntoroetion,
minfeeted nooplacioy ORI sm‘maéﬂ and Facunatie Lovors

n fwox' thero 4o nercased hoat pﬁnﬁuecgcn but thals
alco Coco pot cecount for tho pyrenia § beesuce Cho ehamgoo
aro of oueh o nagaitudo wiadeh eould Bo cooily coupensated Loy
uwnder mormal conditions but hoat loos 4o doercased sirculotonoously,
fully ceeoumting for tho riac of body tcmacraturos Heat pogulation
in ntatop of guver 1o therpoforo dlpondored Doty tcoruture s
cdduotod ¢o o highor lovol thon nepnals Tho nopnol Gduwraol
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voriction 2o otill prooont ond tho pationt pooponds im tho
uoual vey o applienticns of hicat and eolde

| In tho erdtieal obogos o Figor oF chaivering oftam
oceurss ‘Mo sl.in vosocls aro conptricted, ninlndicing hoat 109s,
o rapdd riso of toporature thoroforo falics placo and tho
blcod prosourc riscss Duping tho doforveppseanco, vacte tho
toporature folloy nariied swoatlng ostursy cnd hoat loso 4o novw
groator than hent proguction.

_‘ Gome of thoso phcmoncaon are vall denchotrotof Guring
a oolardial rigors During Che ehdvoring abtostt, thoro 45 o oudgon
poriccd inerense in hoat production cegs fron 60 to 230 X col/por
liour, heat loos on tho othes hond, 4o unchanged of doeronsod
boeauso of eutancous vocoecnotrietion so thot all tho amtea
hong libamtﬁﬁ ip ptorod dn tho bedys Tho ha&y Scopepaturo Doy
400 %o 105°F ago $omporoluro rogulotion s not in cetion.
aftor on intopval tho Stucromwotatic’ control i nAjusted to
ogp $ ouaating sote in and with inersnoo vagopination, thero
1o cqditionnl hoot losos Dringing tho bofy tommornture dowm

£0 perCal OBGO [OFOe

- %o genoral nanifoototions of forer erc fuo to tho
pyroziay Cylration, Alsturdod olcaipolyte balcnao in tho
blecd (cege 5ia® and €17 loos, aliinlacnia) ond Shio astion of
- tonings
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9s0 0 0f tho cnrldoot workoro 4n hio aFon van Pomeoo {4}
vho Qovolopod o £2601 Tthat opplicoc to tho bumon Lopoorm. Altheush
tho cuitobility of the modod hao boon $00C0d Dy mICOEOUO
ozporimontold dato Lop tho Sferonwn, tho oodel io ovsontinlly
opplicoblo ©5 tho oylirdoricol olomont of tho bady. Omo of tho

oarlioot madolo by Vioolor [25] oppenrs o bo o modification
of Poumos radol.

fnehlo and Hoteh |4] woro Cho £ivot ¢ inteeduso tho
gomaopt of corc amd choll by woing rectal topporature amd coon
okdn tomporoture os oonoures of tho coxe tonporatuzo amd choll
tonporaturc. By conpidorisg tho rato of ochamye of bedy hoot
ocontent ap o £unstion of imroronto of rootal arnd roan ciin
tonpogaturo, thoy ostabliched tho £irot todel 3 upo tho
 a4gforonticl form. Portinl ckin vobmaoo 80 eopcidored in thio
zodol, Korsloko apd veddodl [4] rodifiod Fhshla apd Hateh'o
rodol to toke imto cocount comploto olidn wotmOUS.

Go' o Indol [5] comoidorod tho bucan bady oo o 0iazlo
eylindor with Cuo songsontrie layors =020 iarsr gontzal coro
ori outer okin choll. Hoot pre@uction (motoboliocn) Sokos plaso
4n tho coros motaboli€ hont 4s tranaforred %o tho crin curfeoo
by convostion (blood £low) nnd by comduetion. AC tho shim, hoat
40 tzonoferred to or fron tho omvirorzont by comvoetien,
corfvation, radiaotion er cvent ovoporation. The rodol pm&iota'
£von okdn temporatuzo, eope tomporoturc, total ovaporativo
hoat loss, okin wottodmioo and clin blood f£lov. It 4o Lor ptondy
otato adwei..o-nn ond for ootifntoo of eorfort and thormal
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peagation for portinl  cavironmontoe

tyndhen ond Atkano [b] codol progletod tho tronoiont
poopofison of Cho hunon bodys Wigy opproxinmatoed Cho huzon body
by o ofnglo aylindor ood devided tho eylinder into o mumbor
of thin coneomtrde layosse Tho finmito @iffcrcneo toShmiquo wao
uoed $o eppronioato tho cguations A oot of rooulbing fipst ovdor
aiggorontiol oquatiens wo then colved by using an analeg
computors Tato podol was cleo nodified by ‘Moclor {23)

, Waslor maaiﬁ‘icﬂ tho podolo qovolopod by Poanos apd
typdhon and Athing and intorpolatod caeh oleicnt of tho hunon
boGy by a hest transfor cquotion botwoch oneh oo of tho olemento
ond tho eontee of tho Dodys namoly, hoodt cmd lunge Uisolos
amlieiyly eonsidored tho offosts of Intardepondoneo by Soking
into ceeout tho Dlocd floving bolucodh ndjonecnd oloontos local
blood fley »atoy and local pato of heat gonorotion by motobolie
poaetionos

™o phyolelogical thornnl rogulation noghenicn hnd not
bBeen token dnto cocount im nodelling until Crosbio of ale (3]
opproniratod tho valucs of tho thormnl esnduetivity of Cipsuo,
notobelic rato ond tho rato of hent lens by ovaporation as o
functicn of tho ponm body Gemporaturos Gholuvisk and Hordy oloo
eonpidored Cho local blesd flew Patoy motabolic ratoy and tho
roto of heat logn by cvaporntion o Do o fupation of brain
tcomoratureg o2oelo tCporaturo and fdn Scporoturc.

™o phyodeocl ghopo of tho body wnn poproscatod by o
olch by Crochic ob ale[3)p tacreno Ctolvidc ond Hofey [21] uocd
tho coro and pholl modol ¢o appropizata tho chopo of hunon body



u3lm

Yoneooho of ole{b] nloo ontoblichod o eylindoricsl nodol by
6loercticing Cho radiol diotomeo of tho eylindors Tholr vopi
cuprcatly uwrdor progeoosy 4o in tho diroction of dovoloping a
tedold which includos tho dynrie choraetoplotics of tho phyols
ologleal thornol rogulatien noohonsion.

Nolating tho hunon thernol nedol to tho ontornnl thoroal
populoticn dovieo vap £irot domo by Dugaborg nnd Dorech [2]s
Thay eonoidored tho conduetion eooling of tho hu-ch body oo on
omtornal thormol Pogulaticn dovieos By eontrellinmg tho scolont
seaporaturo and its noos flov pato, they wore ablo in thelr
noGoly to odd

inipo tho natupral thepnoprogulotory noehanions of

phivoring, swooting ond vasmilar adjuastacato.

Pomion ampeoéﬁ o ogol for Cho oon forooarne Ho
approninated tho foproorn 0o ¢ eylindor ond eonoddored tho
folloving fostors | ‘
o« comduation of hoat in tho rodiol adrosticn of tho
| tylindor,
be notodolie hoat poncration in tho tioouoce
€e convontion of heat by the eireculoting Dlocd.
de hoaot lopo €rou tho ouprfaeo of tho siin by convoction,
rodiotlon and ovoporntions

Peanos modoly Dopropcating tho rolaticnmohip omoms tho
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tomporaturs of Sho norool hunon fopcern Sdccuo Ty tho loeal
notobolie pato hmy apd tha hoat teonpfor cocemanicd by tho
local bloog flotr to tlacuo Iy, 1o wweittan oo follows

: 2
o (82 o 32,8 Jon, . | |
S T3 - LL RN | (L

waoE Oy
B « Shorool conduetivity of tho Cloouwo
P = Rodial distoneos fron tho ecnteo of $ho eylindor.

Bguntion (1) 1o B nathonationl otobenent of the firot
1oy of cim&mﬁymmcs is0s tho oncpy bolcneo of Cho foroarne
Tho Sormg on tho lLoft hond oido peprogeat tho rato of hoat
eonGuetions Tho £irat torm on tho piphd hoed pdde s tho vato
of hoot gonoration duo to potsbolic reaeticap and tho pceond
Sosn 40 tho rato of hoat tronsfor fren Dlood $o tloouo in tho
eondllary bode

Fquation (1) 1o o joet to tho folleoving boumdory
coaditionn,

-R[E] eme - ) (2)

dquation {2) otaton thal of tho mmfoeo of tho oin tho
£aC0 of heal Spanofor feen tho tioouo %o the ghin surfoceo {(loft
oido of oguation) Ao cgual to tho roto of hent lons Leen tho -
olidn ouwrfono to 400 ourpoundingo cnvirernent (PighC sico of
oguation)e | |

squatien (1) togother uith 460 bounfary eonQition piven

Dy (2)y wao polved by Pennan for Tho a0 in tiieh both ko cnd



e

by oro walfern Shrougiout tho eylindops Tho colution ip

+ y) , Eg ' '
Tel e (“nw 2 S 5{,; 2 42 (3)
or
B 4 |
oro |
Tn e Ty - BIM) o (3)

Ly

Dquotion (3) Popwoseato tho tloouo Scaporsturo ¥ 4n
torng of tho altin tooporature T, tho Lecal notobolic rato by, o
¢ho hoot temofor duo So loeal blood flov Lo tissuo by oné tho
rodinl Glstoneo re Dquation () plvos tho Cloovo Coporaturs
in Cormo of By ¢ By, ond Tgyre Who Scoporaturo ot tho anio of tho
cylindors

than by tho host tramofor pato Guo to locol blosd Flov
to tioono, 45 o funetion of tho diffcecnes hotvorm vicouo
teorature T ond tho Semeraturo of tho artenol blood Tp,

by = ¥y Cp (ke X7 ~ %)

Zquotion (1) Chea bosonos

ﬁ L N
tﬁ’lox?*o;
Ql © %ﬂh 5 bl o Vla? (ﬁf'l)*t} hﬂ
' W

\, 4n vhld €, 4o tho opoeifie hont of bloef cnd V; 1o tho volumotrie
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blood £lov gato in tho ¢anillovy bode Fho colutiecn of (6) ioc

B B . L. b
(e 2t/
g o BTy E—— (7)

Tho rolntionohip botuoon the oids Scporabuyoe T, omd
tho offostivo cavirenncatal Seaporaturo ﬁ?@ et alqo dorlived by
Pcanos by aubotituting tho boundory condition (2) imto (7)e

/ lsenlo and Hobeh of tho Pioneo Lberatory proocatod
/ tho folloving pothamatienl nodol ao tho basle oguntlon of hoat

}/ ~ boloReo.
/i

/ NeDweWoReCoD | (8)
/ This cguntion otatos that tho notoholie poato Il pluo tho

rato of chango of body hicat comtont D mimus tho vato of hoat

;ipcs by rospiration V 40 ogunl ¢o tho o of tho ratop of hoat
énemnga vith tho onviromnont by rodintion Ry coavoetion Cp ond
/éwx:mz’a{:aon ce Gdo forap o pigat hand piGo eon then bo writton

3

RoC+Dmhpe fe (T = T) © Ky 44T, = T,)

/ | * Ky Ay (W, = W) (9

/i o gato of ahongo I body hoat eonteat D oon bo
/ / - goppagcated by (10). Reotol teporoturo '29 onfl $ho ocam olidn

| tepaature T

o Aonimato ¢ho soro and choll Cooporature
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DoC,u(a Al b A% ) Qo)

By cubstituting . .{(9) omd (10) into (B), uoing tho apirieal
goroaln ¥ P, = 205 %, - 1,5, ond toling tho 1408 of 4% = 0,
tho fcmovﬂ&, wacz*cmm’t ocquaticn 1a mmw

!

- . ( Qﬁ‘fy "ﬂ'bﬁlﬂ )
ay A ” |
8 (UL ¢ KRy * RTe * Ky 72 ( b5 ¢ V)

,(gé@nﬁquﬁa #}‘i’ﬁld& _ (1)

Tho poatal and oein cweraturon oo rubteally dopcondont
ord hovo tho following limonr relaticanhin ovor o 1inited rongo
of ¢ }Wﬁtﬂfﬁﬂg

‘i‘gﬁ?m*n%

8

?‘ﬁ’g = n&ﬁ:’
vaoro 0 4o o eonontent and n do tho nlepo of Che limcar x'ulaﬁmahip.
Tamtdon (11) voo oolved by nehlo cnd Hoteh for o
proeidfia situation vhicro ‘
A
[ 0)/ ¢ BeBy © KoZg © Ko o2 (45 ¢ W)

%

omd 5w {Gp ¢ Bo ¢ 25 Ko } wvoko emﬁdamﬁ to ba msﬁmﬁm

Shio givo riso te

Zoq = Fov _ v ] (12)
ECQ E'Tp ° o ( prﬁn + D) |

.quatien {12) rolotoo tho cgualibeiun gidn Gcporatwres "2'% and
tino ¢ and i indopondant of tho caviremacniol Compornturos



39w

fho valuo of 2.5 4n tho cprogodon for ¢ gn (12) hao bom
Gordved fpen tho 1inooe oqabien Dotuom tho veper prosguro
and Gopeooturos | |

Ueehlo and Hoted omorinentolly dotornined tho $epornturo
onfl peptiol pressure im (9)s Tho ’waﬁ‘&aiem%‘u of host apchanpo
vadeh qpes” in i:ho;ﬁ* modol. oro givea by tho folleving formulodh

g OndinBlom ¢

ofty (/m) [T =6 T (T, - T,

¢ b/ T, (3, = 80% = (T, ~ 7% ] 3)
/ ror progticnl puvpososy Ky ¢ bo cemoldoroed to do

/ wmaczaﬁcm .} / 1o alr povoxat ond coloturo eantant of tho olss

te g+ Two formalap for Cho esoffleicnt of eomvoction
woro o mwﬂajfi by taehlo ond fHotehes Tho £ivot foroulo

!'EQ Ry = 1a0% v9°7 (%)
vhcro v @ vhlooity ‘suprcumding olve Tho ooserd formila
Ky @ 0ot v0°2 | (15)
Both cquatieno waro dovoloped for vertienl ale poveoont

epoand tho hiroa mfb:eazm

- Jponopngien v;/ sho following G apirienl formulas weo
cplaycs by Sl'a& o ond Hnten.

(&) A% tho zﬁm&;&m mmmmtsve ennesity

%‘o o 1.8% v9°37 e
- /o |

4 i
. iy
b / i



0o

{34) A% looo Shan the pexioun ovonoration
Re 5 Wing (W, « W,)] (7
vaoRo 3 4o avaporativo hont logo.

Machlo cnd Hoteh'o codol providog o rolatienchip omong
ozdn Scaparoturoy oiifn wolnons, lodol motoboRie rotoy, ood Polovant
popenctory of tho caviromncat. Tho podol, hovoros, proved to bo
unchlo to progiet oiin toporaturo in oolol cirexiotongsop docause
of tho Giffdcnltlion in dotornining tho oiins wolnoooe

Jele3

Thay ontemdod tho vz:z*aﬁaam podol Go ineclude tho ooso of
eerpmloto didn v@%ﬁmm o gtoady ototo diidn CSemperaturo Toq
vas thea predieted Zren tho leenl notobolie rato and tho cavirons
nental condidtions lloshlo omd Hatoh’s cquatien (12) vas coaigicd
Lo

Wn m(um%m ) (18)
('3%*5%3 "?

In (18)s 246 20 uocd 40 ploco of 245 for Qotornining C
beaonno &6 leads $o o noro cocuralo Poproscalotion of tho vapor
PROCOVRO 4+ Scnorature rolationohip tham doop tioshlo omd Hateh's
nodole

Tho opporineatol ropulto vadeh apo obtained by Kersloko
and 1'=060k) indieato that (10) Wﬁﬂm o ooddefnetopy doseription
of tho chongon in ohdn teporoaturo ?ae vith rogpeet o C4nos
Thoir rooults aleo vorify Cho prodietiecd of firol otoofy otuto
phtin Ccomeraturo ?aq by {18)



Wyedhes ond istn®s veso probebly tho £4rot to introduco
o Srenoicnt podol for o olnglo okoacnte To ogquation wiiled
onocatiolly roprosonto $ho trouicicat hoot conductlion im ylindor
i

p.c, & o 1 &-(L:S..ﬁ)wg | (19)

2 e . g

o 1ot hand o&ﬁo of (19) royroomlo tho owa of tho
rato eﬁ' aemala%ﬁen of Yhopnal oncegy ond Picat hond oido o
tho oo of rote of hoal confuetion pma t!w goto of hoat gr.momtoﬂ
by notcdolie poretionp.

tynthen and altino cpprozinoted tho hudan body by o
ayliindor cenplobing of o mrior of tholr consentede sholloe 4
0ot of £ipot ondor GIffcrcatiol oquotienc vhieh eon Do colved
by on oholog conutor 4o oblnined by oocumfng Ghat tho roto of
heat Granofor botuwocn any tvo cdjnoecat ghollo &0 propostional
to Cho Cceparativo difforenao Dotuoch thene Tho Lfolloving aro
tvo boundary conditicass |

1« IS tho ematro of tho eylindor tho tcpozature prefilo io
gyomotrdenl, Chob 4o, tho tcyoraturo grodicat 48 ooPoe
- 2e % tho oupfono of tho eylindoy tho patop of hoat loss
cuo to convoetion qe, Pofintiend gpy ond ovnporation qoe

™o folleutng heat onghongo nochondcn bobuocn tho oitdn
anG otosophero aro eonoidered im tho rodol

(o) Iadinbien o

nc:eﬁ anchonno by podiction botuoon tho ghidn ::snﬁ
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atmoophoro ecs bo eharactorised by SSofeaeBolioman oguntion.

ol el
@ oy A (5 » 7)) (20)

™o oguotion for host onchange by eoavostion for nip
voloedty botvoon 10 ond 1000 £0/Min ard porollol Lo the ards
of Gho oylimder o

Ge © 05 Ag o7 %7 (2 = T.) (21
Do oir floun noronl $o tho anis of o oylindop
Qs @ 1.04 Ao V-La"ﬁ t?ﬂ d QQ) {22)

Heat anehcnigo by ovoposation €rom tho ooburated sitdinm 4o
given by (23)y . |
do ® beb 7, %% 4 (W2 - W) | (23)

Dgaotion {23) pivos momienn cyoporative hoot lons vhich
4o dotcnincd by vy and Wau ¢ ¢ho otin 40 not caturatod with
oucaty Sho corrocpending oquation 4o '

% 2 T 00 (P, = W) 4 (2)

™o codol by tymdhes mnd Atlidno <ploys o coneontyie
eylindorien) eonfiguration Lo goprogcat on olcacnt of tho bobye.
In gontronts Crooblo ob als [3] wtiliced tho confipuration of
on infindto oled 4m tholr rodols |



ols2e

atroophicro eca bo eharactorised by StofemsBolimman cquntions

5? - %:;’ ) (20)

o oguation for hoot onchange by eccavostion for oip
vokoedty botuvoonr 10 ong 1000 £U/ndn aad porollol Co the ardo
of %ho oylinder is

Yor oir Llous norool $o tho ando of o eylindop

de = 1e0% Ao 7,7 (7, = 2,) (22)

Hoat cxehonpgo by oroporotion fren tho soturoted oxdm 1o
civen by (23)y
fo ® 2eb v, 2% g (1R, = W2 | (23)
Dgaation (23) pivoo momicun cvoporotive heat loos ¢hich
o dotcznined hy vy =il Ve I tho atinm in not soturated with
oueaby Sho mosamﬂﬁm optation do '

Qo & K, wlﬂ‘!’ W:?g - VPn) 8q {2)

10 nadol by tyndhics end Atkting cployn o conecateie
eylinderdeal eonfiguration So oproocat on olcacat of tho bodye
In controots Croobio ot ale [3) utiliccd tho confipuwrntion of
an infinito pled n tholr rodols |
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| By cphaoicdng ¢hat cvorago oifn Scporatero of tho
tizo bely Ccporoturo fo Cho dody hoot loosg Crogbio ot als
found thot tho phiyolco czd tho phyratelogy of ¢ho thamal
pogalotion of ¢ho bunen bofly bogsao mapo mnforplondeblio cad
that nony tacortaintico, oueh an tho rato of chongo of motodolie |
pato, vare elopoificds Suo rooullo of oirmlotien of tcimorsturo
rogulation by on onaloguo computeor vera oleo ingluded in tholy
voRlis Wy coopared tholr eosputor w!.ution wvith thoir oxpoemm
ntal oboopvadien for both a(:u.,é;r otato and tronodent roshonoos
$o 6 PUEO T

Tae thovnol preportios and dntarpol notobolie sato vhieh
. nppoar 4n tholp nedol vary oo n functien of ohim Somoraturo
5 Re é—-«g etfle ' ¥ | (25)
am~

Countden (25) ototos that tho pate of thoron) ey
csermlotion i o unit voluno 45 ogenl ¢o Cho rato of heat
condeetion Inte tho oyotca pluo tho olo of hoal ganorated by
notchelde poastions It ndmus tho hoot loss by rodiation and
convoebien R’y odmio tho ¥ato of hoat less by cveporaticn VO s
Cgantien {25)y o portiol 4ilTrcalicl oguntion hoo Suvo iafopendont
vardchlons X ead ¢ onf conmot bo colved cuoily by on anglog
cunpatiors TG com Do coprenizatod Dy ehpoo £ITOt order iffopcatiol
oquotiens whleh roprosent tho eutory niddlo ond ianer layers of
tho ¢inone Fige 5 providos o goolatvie Goserintion of rodol!

Zho folloving cquations roproscatt $ho hoot tranpfor e'mzs tho
aldn loyer, canclo loyory cnd coro.
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0o Gt By i @ = (3 = 5 (T, = Bp) = o (26)
- a% . - - ;5 ,
.(?0‘3;:' m"l &2‘ uﬁ% ( o &1) “E}""(gl d ?0) <+ 81
| {27)
Pqﬁ o AT 538 oll - *"éﬂﬁ' {rg - % ) (23)

It 40 worth nobing Ghat Cho hoot leos by godiction ond
ecavoeticn W, = T, ) end ¢hat Dy cropopation V, occur only ab
ol Aeyeey cm thnt ofditionn)l Doteholde hoat AT peacented by
hiveninn o9 cnoreiso originatoo only ot tho mmoclo Leyore o
sy doyer eonnldorn enly Che baoolk notobolie rofo tl, md hoat
eCDLRoLICe

e neep bedy Geoperaluro I eon bo odtalncd bY pmomy
s Gan gdn Comaoralturo, tomporaturs of Cho ndddlo loyor,
end Gao Soporaturo of (10 copo 1aycr 1eCe
ﬂx us. ¢ dﬂla&l o cmaua

GH & &al £ @ﬁz

¥4 eca Do oosuncd ¢o Do Pozeloted vapdchlcs Fayoieol
propceeticos of o lvnom Dedy oush op thernmal eenduetivity By hoot
gororotien by noloholie pesetionn &ly cad ovmmtieﬁ Yogs Vg
oo aonoideped Co Do funatien of iy ond emm Do sanroscnted by
sho follcing poloticmciinss |

¢ %5 1o groatce thmm baoal

| aﬁ

§eRy oag, a5 v =t ==} 17K,

(30)
AM

Ve

X |
Veo+ &EX (dv.ATB + Av .&'5'133;F )& 50 Veo

%‘\J
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ig ‘i‘B 4o logo thom Loagnl

L R R I
Kg[@xlﬁdi‘:w’%ﬁ K"é%‘”} »ei%%

Lo d A%y ¢ R {31}

-

o = Voo

%0 mﬂol con Do odoulatod an oo caclog eomubars ™o
offoet of mcmmzml_ tcavoraturo oa hroon pubjoeto ond tho
teanoliont Poopenicos of o oo pan Vore PoYPaocated in tholr
vories, Alro includod woro ¢ho computicf Posulto of vascoootor
reopernciog tronoicnt pospenge of tho fotal heat lecs, vesorication,
ond Cecrolenl peoponpo of tho potobolie rato of o mudo subjoets

froghio bﬁ ole oro emmsidozcd Co bo Bhao £irst to niouloto
tho plyyololegicnl fzamwn&uga royalation on on analep cirputors
In tholr rcoded tho thornol proporties of tho dody ond tho coureo
of tntornal hont .um: eonoldored to voEy oo o fanstion of Sho
boty’s Gehperaturo vordlatiens Thip codol oop mot ineludo tho
rogicaal vordation in heat ond dlecd L£iey POtCo.
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de

‘ Jeled

Rondor dovoloped o oarion of natheanbicok mﬂozs of
the hum boty. Tin cariiost modol 40 o dircet cntonsion of
Pennos nodol. Hoolor [22) axtonded Papnos nodol of tho forcarn
%o cbtain the teoporature distribution of the cntiro body.

In cdditien to tho facters eonsidorod by Pcnnos, Uisoloyo
netold &ét:cn into account thah::at loso through the rospiratery
cyobcn ond . theo eountor cuprcnt hont anehonge hotuecn tho
Loppo artordcs ond lorge voinge Tho humon body 4o owbdividod
into olz cleaantay hond forso, tuo aros ond fwo logss (och

olzacnt io aocunmed =

{c) to Zavo & wniformly dictridutced votcholice heat
" genorotion.

(b) to have o wnifornly dostridutaod blood sunnlys

(e) <o ho hempgoncous ond

(C) €o bo o Sootrojle cylindor.

o hoat conduction cquotion wadeh o cquivolont to
(1) for tho 3 th oleoent of tho body 1o writicn oo,
2 é7.
d Ti ® A wi&m-) bhﬂi ® (vlt Pu ﬂp )i..(?mn ‘2&)
Ki ( —=. 4 dr ,
dr? .
=0 (32)
Tacro svhoeript 1 denotos tho 1 ¢h olcmont and P 4o

tho domoity of tho Dlocds lquotion (32) stotos that tho sum



oo

 of tho poto of conGuction of hont dmto o undt volumo, tho Poto
of hoot peaaarotion im o wolt voluoo Guo o nolnbolie roaction
ané Cho poto of hool trencfor fren blond o Cioguo im tho
cmﬁl}.a?y pod fn Cho wadt voluno 4o cqum $o ooros

™o boundosy condition of (32) i

. -
~ By (ogBpegs © By (Tg = Tog) (33)

vhdeh statos thot tho pato of hoab tranofor o tho curfato of
oldn Chrough Sho Glosuo 4o cqual Co Cho pofo o vhien heat 4o
trenoferrod gren tho parfoso of tho oitn to tho cawipemnaabe. Tho
of’oativo hoat teonsfor eooffieliont ot tho ourfoeo of 4 ¢h olcaat
I3 40 tho o3 of ¥ho offcebivo hoat Seomnfor sooffieicats for
roddotlen Hyy conveetion iy cnd ovoporatiod By omd do glven dy{29)

Re Bréiiaﬁiiﬁ | (3%)
Conduetion io ddorogosdod S (3%) Guo Lo 4to moglinidblo
DopndGedes ‘
guntion {32) van polved pmalytically ved tho otondy
otato tcparaturo profilon for vardeus cowipesicntal wﬁﬁiﬁioa
voro proocatod geophicolly by Woolods

mo hoat tranofer ecofficicnt fop rodlotion Mp, eom bo
appm::ﬂmtca by woing $ho neon podiation, absameo tmyaxmwa
of dilin Aﬁ cnd purrennfing wall Somporature aue

- 8
Hx*ﬁh:;%uw"m(? #‘;’ai‘ Mgw **g} ) (35)

™o cguntion 4o voldd if Cho potio of tho ovoo of tho
vallo o tho purfoce opon of oubjeet 4 LorGos



wlie

o hoat tronofor cooffiedcnt for arivoestieon By coa bo
peopoccealcd in Doy £e8n0e Lao pirploot Lforo 4o piven oo o Sunetion
of $ho Glarober of tho qyiindor Dyy Cho volooity vith tideh tho
£1ai0 coprocches tho eyiindor Vge Shoe thornnd condpetivily of
tho £ludd Kpy cnd Cho vioesoity of Gio £luld pe

Egt i}l A BV2¢P o) 6 cz;u 5] 3 }
) 0, 8 e S o Ll s o &
- a iy ) ( " ) (36)

icva £l propantion inadeatcd by oubaeript £ oro $o bo
 ovalaated of oo cupfaeo Seporaturo cpd wndlolurbcd ode Scpoe
potarce gantlen (36} 4o copliechlo ¢ tho ﬂuﬁ& thieh do
ficving 4o tho CGlpoetica oozl Lo tho andn of tho Wlmﬁow For
o ¢griindor thieh 40 8 o in dda.

oo 20 n 30, 00 G7)
Por o gylindor thich 40 26 ¢ i din.

He @ 0699 7 1077 t?z"”c‘ (38)

@10 oot Soomofor eooffieicat {in tho chocaeo of
pwosting) for ovaporaticn Iy 4o

8, @ 016 3 207 eaf(eds %), (39)
Dquatien {39) wao obtaincd by assundng that the vepor
proncare of wabor ehompon peughly 2.2 ©2 Hg pee °C, tho Rakeat

oot of veperdsation of wator ot 30°C 4s 530 eal/gme, omd tho
poto of heat leno by ovepopatien 1o

i LeR) VR
Zo0.003n ao”"’ { -‘E’G o YA % ) ] {L0)
; &

vaoro T 40 Gho polotivo hwaldily of arDRcat ofre. Hy 4 in enpo



of ezoolotoly volted pupfoeo omd fwe-dﬂ comweaticn, 1o bl

ticop Cho eooffleical for cumvootieon Hge XU hao Doca confirnod
crmepiromtolly that thdo oleo cpplicd ¢o tho csoling of himon
boingo (5]« |

In Woolor g Reody otate mxdol, tho Intcpdcacndcaeo

coeng tho olancato 40 pmvﬁéaﬂ through mo hoogt ond lung vhceo
tho pdn vaacnn otpocoo ofo ndnedy ammemg o artorinl otroon
of o internefioto temopaturcs ™o cacery boloneo for tho
hoowt 0@ Lvnas 46 eonoiddorcd by ofating thal tho rato ab thich
hoat 20 earricd into tho heart by tho Venouo blood 4 cqunl o
Cho poto ot radea boot S0 acerdod ousy tho beart by artorlol
Licod plus thoe rato of heat lops thEoush tho Poopirotory gyotons
“ado polatienship ean DO vmwc&zﬁaﬂ by

G

tL0P0
(s 2 o - v

v oy by (TyeGolg T

40 Cho total hool carsicd fmbo tho hoowt by ho artosal bleod

et
6

o 2 T oy - -
gy 0L By (VgeColg T
pifajpvate Co%al hoat earricd 4mto tho hoart by veroug bloods

o ezuntorenrpcat hoal onchongo botucon tho largo
erbordcon cnd volng 4n op olcacat L0 opprericated by



(o

Bap = Tg4 B (Pha = Tpq) (»2)

vhazo £, 4o tho artordal dlood tcoporaturo, U o the everoll
hoat trongfar eovofflelanty cad A 4p tho offoctivo arcn of tho
hont onehongers In thioc podol oll tha dﬁzehamom in on cleaend
aro luped togothor In o odnglo epwntoreurrcat hoot oxehangor
loeatod boluvoon tho olexant and tho hoorts I poalily, countor
curpant heat oxchongo o dioteibuted theoushout on olcacat.

tdooler’s £4pot wnobosdy otato rodod (23] 46 @ cxbonodon
of tyndhon ond Athino nadol g&vcm by (19) for o oloplo dlcacat
onlye $o mOon boby io e@mmweﬂ o eonpiol of plz olcacnto
(Toroo, Heady two oo oad two logol)s (neh olcacat fo asoumcd
%o bo o heoogencoug eylindor of bomo cod $incuo govorcd vith o
Layer of 2ot ond ohdne fleat 4o asowncd %o bo goncroted unifornly
by nobeholde pooetions dn cosh poctiea of tho cylindor, but tho®
ratoo cro mot nocosonwily cgunls Oindlarly, tho copfllory bodo
of cach neatieon aro wnifornly oupplicd vith artordnl blood at o
Ccporatiura Tage L8CoR noglosting tho lengitedingl thesmal
grodicat, Cho tranpicat hoat contuetion oguikien Cokoo ﬁ'aho
golloving form m tho 4 th olcaemGe

3

__ 3 . " o
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#alo ogunticn ropposomtn Oho teonpicat eowmborport of
tho otonly otato hoal conduction oquaticn (32)e Zho tor: on tho
1o2¢ Band pico 20 tho rato of acewmalotion of thornal caorzy.
o Soro ca ho plzat hand oldo are ﬁhc 2ato of Dicat conduction
in o podinl diroctlion, tho rato of heal grmoratien by notobolle
ponetiono, cnd tho roto of hoat tramofor by blood eipealntions
o Giﬂ’o&*me& botvocn (L3) and (19) 4o cn cdciticnal toﬁ: in
(%3) ropropopting hoal teomafor by lecol bleed eirealation. Shldo
hao ﬁmm rocogndcod for oomo €400 oo on drportont fastor in
thoroal physiology. Inelunien of ¢hip GoFpd esnatpibutos grootly
to tho volﬁémy of tho cathcoatieal rodol 40 prodieting thernal
:*aséc:mo of tho hunon Dolys

Dquation (13) was polved ’by Wiosolce oudjoet o tho
initicl ond boundary eonditiens doserdided bolews i initlal
 ecndition opoeificd tho initdol distriduticn of tho bedy
Scoaeratueo Lo

2g (0e0) = 2(r)

o dovadory eondition indieatos thnt tho roto of hoat
cendaction ot Cho gupfoeo of Che olidn oen Chio Cdncuc 4o cguol
Uo tho rato of heot (ramofcr frep tho gupfaco to tho cavirenncnt
de s

= B O3 Doy @ 1g [24(02y®) = To1 ] (W)

Tvam though (43) poproscnto ealy Cho rodlol hicot
eoncuetion oguation fer o ofnzlo olcoomt, tho Chcrnal oncogy
balopeo botiroa oned of tho olcacats cpd tho hoort 4o tohen
into gesomnl 4n thio rmodoly 0o chotm bolovy



o polabionchdp vhich intorrolatos thoe oleacats aro
tho follovinn

o | ot |
By by § am(yy o)y dr o iy of 2V DGl 95 ar

(15)
/
Mo- Ty Bt > Tod | e
2 rpy o v
| ’ vag™ LA JeCllg (Tha « Tpg)
T + Ty 3 e ot (7)
(DA © oog® by ( Uy %Chlg
/ (Un)s (Dan = Snvg)
B = Tt = ooio VL) (:8)

Jquation {55) coocumios that ¢ho Scaporaturo 62' tho venoug
bloed leaving a capdllory bod 45 ogunl o tho Celreraturo of
tao ©iooua adjasoont S0 tho bode wuotlen (46) Co (43) aro tho
aongy balomeos omeng artorlel blecd, venouo Diocd, ond blood
in tho hoarte

30243

“ado DoGol econoddorp onplicitly oho varicbility of tho
phiypdologienl paranotoros. The todol eon bo solved by o findto
GigTorcneo Sochniguo [2hls

In thio nodol, tho hunom body is Givided into 15 olcacptp
ag chotny In PAneGe Tho olccatp aro commcotef by vaseular oyotens
lotcdolie roaetions aro eonsidonod to bo o nodp coureo of hoats
Uoat 4o olthor olored 4n Cho clenent or eoméueSed awny fro tho
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ozdp of tho clcamt towarin tho surfoeo of thy citdn wicro i
io oot to tho crviremicnt by convootion, conduetion, radinticon

. ond ovaporatien. Tho phcnodczen ecn bo mathcatienlly asprosscd

by tho heat conduetion oquaticno.

Ll

LK A% /
(NCoy 5 = 2 Lo (igp 2o ) ¢ g ¢ qed (Toz = Tg)
+ ba3(Png = Tg) * Bot(Syg = ©4) (9}

Equation (49) stotoo that tho rato of Chornol creogy
gecunuloted pm" unit volumo 40 cquol to tho oum of tho rato at
vadel oot §0 eomductod into tho unit woluno plug tho rato ab
‘vhich hoat 1o poncpatcefl by notodholie rocetions plun Cho pato
ot uvalch hoat 4o carplcd imto tho unit voluns Ly bull: flov of
edrouloting blood plus $ho Pato ot valeh haot Lo tranforcd
£een nrtorial Blood into Cho it voluno plup ¢ho rato ot thiieh
hoat Lo tromoforrod £Ren Cuo wonono Dleod inte o unit voluno.
tho heat eonduetion in tho lengitudinol dircetion 4o nesloetods

tHoolae®n poeené redol eonpldored ooy irortont foetoro,
0Zed ao thoe sm*in‘isnity of tho leoeal bleed flovu ratoy tho
thotnol esmduetivity, Cho roto of leeal hoat ponorcticn by
notcholic ronetionoy tho pesaotry of tho hunca body, hoot loss
threnga tho porpiratory oyolen, gwonting ote. Shope fostors hed
not Do eonnidorod by proviews moooarehorps  Houovore tho
pliypiologdeal thornnl pogulation ncehonion vao not eonoldorols

Stoluiil ong lardy [20] propoocd o Dafol vhdeh 4o baocd
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on o 03Hliflcd configarabien of Cho wamm bodyy but valch

tciioo into cecount nothcontienlly ¢ho phyoiclogieal thommal
‘rogalotion Dochandons PAge7 choup that tho todel dividos tho

body dnto thwoo cylimcors {hond, Gorso, ipcadtics)s .ach oyle
indor 1o thon ouddivided dmlo tuo o noro ashecnterie laycroy

pued ag 20 head eoro (HC) and heed drim (L), o exarasteriso
Cho fareticanl ﬂsz’faﬁ*cmcs in thoir Chormospogulaticne IC Lo
agouracd that the heot £lov botvoun tho too ndjacecnt loyoro

oa6i op (8 a2 10 4o by eemdustlon od ¢hnt all tho layceo onehaago
hos® vA%h tho ecntral Dleed esmaptacst (fD) by ecavostiens Moat
onghongo botvoon tho okin cnd 4o czviperxat 45 Dy condustion,
convoetion, rodiation ond evoperation, Cigenks tRieh oo projose
tionol to tho taporaturc doviaticns 4n tho brotn and tho ororagoe
olxin tcavarature aro oswonliicd o $ho nhysioloszienl Cherorazulator
vhdch Chen adfusto tho valneg of crvaporative hient lonoy local
blocd fiouw roboy tho roloo of kool gonoraticn by notobolle
eesotion in anoropriato logaticnn of tho bodye |

o dlogt Glonrrd of 3.8 oumnrinss tho rolationohin
cneng tac vorious eompertoato of tho padole

%o bloe: poyroocating tho head oidn (D) oxehonges heat
vlth 460 caviremncoat by eckvootion, comducticn, podiabicn ond
| ovonopotione IT aloo cochansos heat with ¢ho bload ecommparenont —
by ecnvoetion (6237) apd vith ¢ho broim by ecndueticne Tho Dloek
poproscating Cho hoad coro (bmﬁa) onehinnges heat vith tho blood
eeoooptacat by eoavoeticn (6)7) whdlo .‘2,2: cnehangos heat vdth hoad
ckdn {{1S) by comdneticns A 0indlap phoncocncn ominlo onedg voriouo
blocko of tho treslr oad ontrenition.
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0 hoat bolcneo cgwtdons of tho brodn Sp weittdn oo

36 , |

RamiatBae = Tgd = m = wv 5

. vharo tho blecd £lou to tho coro of tho hoad 10430 x% ond

- tho Srootien of tho total chivoring notabolicn aooigncd to tho
goro of tho head 4o 0«0b €% Jgeatien (59) otatoo that ¢he rato
of thovoal cncey aceumulotien in tho earo of %ho ncdﬂ is cquol

to ¢ho rolo ot vhieh hoat io carpicd oty inte tho coro of tho
hoot from tho bleod conportnont plug tho rato off soanoration of
notabolic hoat ndnug Tho ecnénatien hioat lono ¢o Tho shin of tho
haod ninug tho feopleatery hoat loooe

" In tho heat bol.neo oguaticn eenaeorning tho ohkin of tho
hioode $ho hont leoo fren Cho ctdn of tho head through sonveetion,
ecnGuatlen cad rodioticn 18 lumed by tho heat toanefcr eoofficdent
| Bae Cho ogeation oloo includos eenCuetivo hoat flow frem tho eoro
to o ch and o csavastivo hecat fren tho blesl ecmartocnt to
tho gifnme voporativo hoab leoss 1o

den = ]
G13%ge °© T (Pge =~ Tgd * Hogn = C09 yens

- 06093y ¢ QoG X 04130 N2y = Tyy)
- /13 h@(‘gﬁa - EA} (60)

vhoro 009 4o tho assigncd froetion of mac:;sﬁﬁblo ovoperativo
oot loooy 0.07 .y 40 tho coolgnod froeticn of thormel croporativo
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heat looo ond 0.133 3P 4o tho ooolgnod froetion of tho tolol
ozdn Dicod £loue

Goat bolcmzo cgention ecp oloe bo writton for tho eoro
of ontrcodtiogy chim of tho antycaitlos, eoro of tho toroo,
Dugelo of tho Cornoy 4D of tho VUePco ond blood esmpartnonts.

Dy uoing on analog esoputor, Stoluvidk ond Hardy oiculatod
tho nodol as woll op phyolological thormal sogulotor

Je2sh L

o hovoy tho difforentiol oguatiens for coroy ruselo
ond pitdn tm&amtum ropulotion oo occh chovos I£ wo Ccio enly
Cirg wardotions, and nogloet spare vardisticny then wo got for

cero a
2
My Coem 2% = Posan © Gen = Qg
thoro | N
Up = Dotabolie hoot goncrotics vato

Pooey = PODDPIRAtOTY Ond oxparotory loosoo

e ~ hoat looo fren eoyo Go ouoelo
Qen - hoat leos £ren ecvo €o oiin
Gy = hoat loso £rep pugels te eitin
3 © Ketir; (G = %}
Len
KV‘ AC'J (Q.e - a‘ﬁ)
Qep - :

Gyo cd 0 pbandg for eOroy ciiing ondl oucelos
A’ oro oguaivalent avoan



hotom

¢ = ftonceraturon
Il « thornal conduotivity
Uy~ thormal eonduetivity (varichlo)

nnsl

a1

. .
13 Gy ’% S lox ¢ lg ¢ Qen = g
unoRo gy, » Boab produecd by ozerelso por wnit volumo

i, = Heot produecd by chivoring nor unit voluno

a9,
BoeCy + T © Yoo * g = Fbede = Fosow.= Jovr

YAOro

Prody Feonvsy Fowe fonPooont hoot Looo by rodiotion,

eonvoetion md ovoporation msyaamvel;h

H8ller ond Conzpavo [1b] pronosed o nodol conoioting of
15 eylindorp oppapgoft oo a.howﬂ‘iﬁpiﬁald- oegh 180hH 30 popronoe
nted by theco eylindoro, essposponding to the prozimal, meddal
opg diptal portionn. Tho hond 45 rojpogentod by o sinplo
eylindor valle tho Crunk by two cylindors royroocnting tho
Theran cnd ‘bdencns _aeh of thoso lattor throo eylindorg has
throd layoro vig o core lgyer r'o,gmsmi:ing viscora o braing o
nicilo loyor poyrosunting gxoletal nuselo and benog ond o
surface layor, poproocnting oliin and cubeutoncous fote  Tho
oylindors poyroocating tho anbranitics are cngh Cvo layored @
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a contral lgyer of muselo ong bono cnd o owfoso layor of iiin
ond gubeutoncoun £ate Thun tho eoro layor rofors €o tho emtrol
loyor dn tho Chreo layored wimﬁczm ohly. Tho eontral lgper 4in
tho enteaitios rofors to tho ousselo lcwcs'.

w0 gor0 layorp a0 portions vhczo basaly honvarying
mﬁbbeue proceasog ottuRs Ltoclo layoro ovo asaigned o oinioun
notebolicm, end o varicblo inescased notoholion ane to movenant
of bedys Jurfoen loyors oR0 agousced $o havo o gnall baenl
notcholiom. |

Hoat tFonofer bobuocn Lloyors 1n indiviGual oylindors
ooeurs pasﬁly by eondustion, but largoly by eonvostivo blood
flows Tals comvostivo bleed flev 4o cloe respennible for sl tho
hont Sromnfor botucon eylindoroe In Slo copo Poaicns, bleod
&cquﬁrmm%u oeo mnmw ernglonte Tho DLl¢d flcy So sm,,,ela
£ozich in vam:;bla, a ndniom acngbont cosunt nosogoany for baoal
roqisrccato ord 0 varying crount nocdud Co cusply mourdchnont
for tho voritdng muselos ‘ho oliin lgycro aloo hovo o ozall basol
zé-cz'maammts, but they bovo o vidoldy vericdlo flov for conwoeting
hoat £ren tho deoper loycrs'to tho purfaeo thoro 48 ny vo loot
o cowirermonts Blood punply to ¢ho gusfono loyor 4o inSorendent
of masealor roguircncatos Tho cumly ¢o guwsfoso layees 4B oxcosn of
potobolie moods 4o donendent only on coolin: Poquircacnts, ond
vordon %0 0 comfm vo.uo widnsh 4o nony tines tho mindmn voluae
Thio gurfcoo oupply rctusas via oupfoeo voins fron tho oxtreaitios
fo tho eoso loyoroe

It 1o wall powm Chol ooumtor eupront hoot anohons oecurs
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botuoen tho ortorion ond vaﬁmn in tho ontroifion. o nepangos
peat of loppgo woooolp 4n elepo prozirdty nlloun tho bely te
congorvo heot ecnteally by polucing tho locnes o thoe awirennmt
by dogrcnnsd temperatero i tho ontreaiticss »Proscent pool dooo

not oxplileitly echoddor combor curpant oneliango botvech veosolos
Blood flow ceméitions throusa oll sosticms oro nocudud $o bo puch
that tho blood icaving om olchent 42 o6 tho gono Capasatro as

the clcaent for tho nea owdoes loyoro. io 49 o much lovo obpdnpen
oosuwption thop Chat of Dioed apd Gioouo tancroluro cogqualdity. Dy
aividing tuo Muds imto oovornl poetions, fonbures of eountore
curpoat ozehange oFo Potoincd vithout Antrofaction of ncv ortifielal
pazctictors o tho oyotcs. '

For tho blood polng to and fron Cho ourfafo loyorg, howover,
4% 4o not roosonoblo €0 QoCUDY ogEALLLY DDLUV DOgs OVOrAso
tooporaturo of Cho ourfaco leyor, thieh dnclucen bLoth ckim ond
oubeutonesus fat and Ble:d floving Chveasa Cao loyory oimeo tho
owpcrfielal vesoel 1io mootly chovo tho fably Cloouce Yo allow
ey Blood {lou offostoy Cho vossael éa'o nosuncd o 4o ab o
undforn dopth bencath tho chitn gurfeeo ard €o bo ot o tooporaturo
nPedictod by o linoar Scopopaturo grodicat oo tho supfacoe

woten ooy Bo Qozerdbed by oguatien of tho first ordor
in tino by elinfrating the opoes vordebhlcoe AL tho €2ocuos vithin
e loyor of eylinfer ip connldored to bo ad Cho oo Canaralunro,
o noos arorese Yanpcraturos
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™o esaduetive hont flov Chroush oy ourfoec im the
aylinder ooy bo soproscated by

Q{,Qwaﬁz’&ﬂ%% o 2 270K %;!E | (1)

Wio noy bo vritten dn £indfo Gifforeneo foyme If Ry
io tho goeonotpie avorano redivg of Cho 4 th loyor, thon Cho flov
- %o 4 th lgyor from Cho 491 of loyor 45 givoa by

by
2 e 2rpLLX M €2)
e Rgey = Uy
I¢ tho thernol conduetivity of (ho leyfma ip pot eqao.l,
On avorage ooy bo dofincd by

{raop o 1) X Ly » (oooo of 2) B Ky

-} SIS

gmﬁ

(nooo of 1 < poop of 2)

Conpidoping Sho ourfeee Scopopaturo wocd Go obSodm tho
hoat lops %o Sho anvircmxnb fren Cho oerfoco loyor, o Saporaburo
scoPopcating tho avorago for tho supfoeo loyer ¢f o eylindor vill
2ot Do tho pomo an $ho Saporaturo of the purfogo for o layor of
24040 thidsnopss Thorofore truo ourfoso (suncrficion) tcomornturo
o oblaincd £rea tho avorage tcoporatueo in tho purfoeo Layoss

fopedng Sho onlobomeo of o Shadm sholl ca tho ourfeco
of ¢ho cylingor and dlloving this oholl Co booono voniohinsly omoll,
o polaCicashin botuoon owparficion {(culol purfooo) Comporaturo ‘
(Zgp) il overago Scyoraturo of tho ourfaco T, can bo edgadned
op folleyy

e T S
%00 = %0 ® g5~ (Ba = To) (%)



ocnd T, 4o Gho oDt Gomporabupoe

Tho ourfceo hoat looo by sodictien, conduetion ong
weatlon then bozenoo

COR @ - 3‘&?9-?0*56&&9 (Qﬂ - ‘za} - ' f €6}
wo b oecchinog tho csavoetive hont loos by radintivo hent Lo0os

WO eonvoative hoat mas b;f bicod Llov mcg,r bo g«wﬁn for
7 3 O oo by

3g ﬂl- %3‘33 ( P“gg)b Ty » Tp) . . | - (73

20 o grrnticn 4o ovor ol tho § ficwo radch cmbor tho

M Aaye? ond T 40 tho Stemoratupe of tho loyop, the bleod

1 dn dracliatoly prescfing its cateoves doto QCho 4 th Wc&.
ig tho opocifie hont fm eal/a/®Ce

It 4o npozacd that Sho _tcmpﬁmﬁwe profilo poos ¢ho
'£e30 40 1inoar, and that tho blesd dg of tho Scporalure
idcabod by o poniticn olightly Lolow tho gurfnoy ooy aﬁwma

Ao the Scapaerativro of $ho blézd b o ourfegeo Loyor
given by

P.oew Banntd ’
0 v b&-&&m. -

lo Coparaturo ol Do voed o ealoulnto comvostion
Sho ouefeso LoyoPe

g e Py e Pk PTarn Bl e et Vmrs e e P PP o sea® H oo ST s
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roproscating body oogneatoe To ogunticns oo quito picilor G0
ocab othcors (ho opda difforenco bolng in tho convoetivo Dlood
£loy palLomDms

Conoidoring o e loyoref oylinder with tho lgyoro
boundcd Uy Pep Pps P ond cach hoving o gernolple ocatero Ray
Bye Ry p 0 heat dolanes o2 tho eoro loyer pives

veﬁpicv) ﬁ';; ﬂ 2“&?0‘&#1‘5‘ nm E
; 'vﬁ ug (PeCaly (B = Go) © Valll © 41)
| OV

tmzzo ;5 vy (PeCply (R =~ ;Q), 1o o generol toem Thok echoldoro
all Dieod £flowy Ty, s tho tawporaturc of tho ooeticn tho blood
veo dn losty ead A1 popropcabo tho ehmgo 4n nobedolde heot
genozabed polabive Go tho otondy 0tolo volua, s Davidiag by

Vg PGy g&w& B

. : xn |
o ﬁ%‘;& (10)

Tho £irpt Soro on tho picht homd oddo of (10) roproommt

maoeko $o eoro honb flev by emsua‘zamg 204 Gozop 2opPoscato heal .

givan by Dleod crd Cho Ird Somp, Dotobolie hoat goacraticn.

For tho ndddio layoyy Gho oo presofuro pivos
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vhero ov do hoat loso throudn owooting egl/ems..

This 1n tho gonoral form of eguaticn Lop tho throo
loyaref rogione Theoo for tho tuo layored pFoglono avo ddomtienl
ozeoyt that cquation for tho control mmpelo layor fo of tho
camo forn og tho coro ogquaticn cbovo, ondl tho coro éqtam:im io
cboonte
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M dnCogratod humm Chovtal cdyoten gonnioto of o Iknan
thoomond qyoten and 8o anboomol Shormal pogalotion Jdovico. A
rovioy oad syoticaotie elasoificatien of tho litoraturo on
pathcaotleat cadolo of W $horonl oyotena hoo boca eorsdcd
out by Lels Ton” and Mo To f!éxm {4l G0 ::an:?.a cnpreneaos to Cho
podelling of tho econtrol gyotca aro dooerdbed in litoraturo.
Uioodlcs [24] abtcpted to dool with tho dloteibuted preportiocn
of tho syoten allowing for both goststrie and Cino vargeblos
3n Doty Separoturops 4o Dasie nofol 4o In tho forn of o oorion
of portial A1fforantial cquntlens bub 4t €ooo mot Lneludo
pﬁya&alngiéal i‘-cﬁgwamc Pogalaticns ﬁ:ﬂiﬁi and Sarco [b],
StelvAfl cnd Hovéy [21)p Muckcho of ole [10] cad otoluifk (181
coprozingted tiw, dintributed poramoter gyotcn 4m tormo of lumped
poarractors enfiguration estpoood of vorioun turdors od Yypoeo
ef oitple gecnotrie olcaantsos Tao rodol Giseribed horo 4o
coocontiolly based o Stolwid: (¥970) nodol [101.

o baple difforcnso botwoon tho CHoluddn nodol ord tho
¢no propeoc horo do that tho heod hao boca tnlion of gylindorienl
ohanoy dmotond of opherieal oo aooumed by SSoludflke Folloving
~ apo tho anouwpticns nede dn tho proposcd Eodols

1+ Do€y &0 aoouncd Co bo édvided intes oin cnatenienl comento
vige hoady torcoy GiTing honda, lczs and Qools
2¢ Uwezy poment o copoonicated by o eylindoss
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Je¢ In copo of oxteenitlon, oinglo ¢ylimdopp oro upcd €o
reprosent both omgy Hoth hondp, both logo owé Doth fool,

L. Tnch gogaent 4o appuwicd Co eonoiot of four conecnirie
loyors vice Gopoy r20dlo, Lot ond ditin.

9» Hoat tronnfer o ococued o Boko plaeo Spem outor Co tho

~ farcy onrfocop oo Yell an fron fmmer Co outor ourfoeoss

Ge  Tho Seporaturc of tho blocd floving dn ald @hqccgacmﬁn |
in token to bo cqual $o tho conlyal bloed teoporature Ty,
opeopt 4n tho ongo of bonds and ooty oinco tho blesd,

- waldlo floving through the arnp obé logo sogacnto omporicntes

n £all dn Scoporoturcs Thue blood toporatures in honds
ané £eot is agouncd te bo 0.5°7 less thon eenteal blood -
temporaturos

7+ To blosd 1o assoned to Do Llouing in tho eore lgyar of arng,
logsy hondo en@ foote Dlood doos not flov im tho fots

Tho pgesnotry of o body eonnidored in tho nodol 4o
chovn i Mpells Tho Doly cmmoloto of iz mnﬁ:ﬁnmal sogcntoe
000 oFo ¢t Lo Tleafly 26 TRunlt, 3. o¥Coy e hanGop Ss logo, ond
Ge foote Tho oxtorinitics oro Poprosontcd by simslo aylindorss
“oeh of thopo pogpent io cubdivided inbo four eoncontrle layoro,
CoPo, tupelo, fof and oiins. Tharofors tolal loyors considered
in tho Doy ave 24 In coditiony a oontral blocd compartnment in
fneludofl, Fosulting 4n a totol of 25 noGoos

o host whieh 1o produccd 40 o sormant by Dotcbodie
poselicns 4o otorcd in tho osognont, earricd ouay by eirculating
Dleod Co other parto, or ecadueted away to ThO SUPLESO WACKO
4% 4o gooorally Seansfoprsd o tho covipemmonts If tho cnvironnontc
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teoporaturo 4o highor ¢ham tho cxim Sapopaturc, tho dircstion
of hont oo 4o rovorpod cof hoot flous into the olcacmts

™o px*ﬁs@nﬁ pedol profileting otonfy oboto toporaturc
digtridution eonoioto of olonGy stato hoat holaneo cguations fop
onen of tho mntemieal gomicnty, suoh g heady tPards obesy tho
oquation follow tho fornat givon in Zadlo I.

INPUT ‘OUTPUT

AS0LI6 MUAT SRATOT.R HLP SRANGPD B AT JXGANOD

0.2 PR0- ¢ ZMTONI BN = WUROJGH OUZR ¢ VIEI BRGOD

R (Y | BURP.CS SURPACE
Cero 1o+ 0 s KT, 000 ¢ @BR0{TmT,) (R)
ucelo Uiy ¢ KalBemiy) = L (Ty~Tp) @ IBPCy(5~7,) (2)
Pab  lp ¢ Ry(ZTp) = Kﬁ.twg»& ) TEROYTeT) (3)
fn Ny f Rp(Teed,) = DoHleA, (a;g,wm) ¢ 3B C3(Co=Ta) (L)

oz cin anabendeal peguonte wo have 6 = b = 2b oquotiono.
MEoe |

Dy O 331 [(BP3)(24) //(Total blood flov 4n oll tho seopento)

(25)
Hy = 2&3plioo enly o avng ol logo mﬂ ropreocat heat loot
by Lleod Llouing through thono sceomcats (accunad tromsforred
o oacalo Loyar)s



goung

wG7w

hopoy

8 - lotcbolde hont produetion col/he

X - Shomol eonduetanco, exl/me/°C

3P « Coro blosd £lcw rabo, 0l/hw

FoP @ Pob blocd flov ralo, ol

lBP = Hucelo blood flev poto ol/be

08P = (hiip blood flov polo nl/hrs

My = Opoeifie hoot of bleed eal/ni/%C

A:;' - (kin gupfeco oven o |

Hy = mwivoentol heat rongfor eoofficient eal/en®z/°C

Gy - Rospimﬁcxﬁy gvanerativa hoat lons eol/he

35 = vanorabivo heat loos frca dkin cal/he

3y lioat oot by blocd ( going %o fot cnd hondo ) to legs
OEG QFE0s cu!,/h? o |

Tn = 20302000 of $20 coolont dn tho ;tornal deviee ot tho
garfato of sotoent  OC |

2y = Wlod tcoraturo of esolont ¢

e = CtLob cmapaturo &n ortermal Quvico °n

qQ = 2ol pamored W, atormnl Shesnnl pomudating dovieo

n w Caplont fiaso £lov polos

g .
o - [mselo
) - 2in |

a0 tern for hoot trancforrod through tho dmmar curfeeo
of n eylinCorieal oceticn i by esmductione fo tho eoro 4o tho



imnor root owrfoso, i hoo no torn eorrospondine to this eategory.
Hoot tromofor Cthrourh tho outor surfoco osenrs alsoe by noeanp of
coninetion, oneont Lor ghiin, whaleh lecoo hoat .tfay ovworéﬁion,
convoeticn ond radintions Tho hoat loot dy ccavoetion and
gadinticn 4o cocounted Shrourn tho arvirormicntol hoad tSronafor
sooffdcdcnt f; + Flcat cxehomgo with $ho blood 45 proportiopal

to tho chopgo 4o tooporoturo of tho bDlood op 4t £loup through o
given sootion. |

In cooo of heat eoro, on cdditional torm 4o cfded to
tho cutput gldo Co account for ragoiratory cvanorativo hoat loss,
L] e

Tao ‘-m;**ﬁ Hy in macelo loyor oquadien g uscd to- ceeount
for tho heat logs Co tho purdoundinn tisounes fron tho blood
flovdng alenz the armg ond lots on $ho vay So honds and foste
Thug |

(I ygmg @ (FBFdy0aq (T = Tod Cp

o

(Cadyogg = GBNgoep (T = B0

e dnlot blood Cooporaturo "EQ ip .coounod oqual to tho
ccaleal Blood %aﬁawaturo 203y oxeayt an tho caso of hands and
£ouby DInco tho blood, in Clowing through tho oo ond log sogments
omyoPicneos a foll dn tomoroturo, vhere 46 4o Sokiem to bo 0.5°C
boloy Tage

In cddition to 25 oboady-ptato heat balenco oguaticng,
- thoro 19 mvi:he:e oquaticn uged %o enleulato tho nized blood
tooperataro oo 4% flovs boek dnto tho ecntral blecd ecmportmont
£2on tho vardeus cnatendienl sooncentos ™o porcnotoro o bo usced



oG

for tho colutdon of abovo 25 oquotions oro givom im todlo «IX
ond toblo XXX, %ho model pivop £ico to tho Scapcrolturo ddotedb-
utdon of hmon hely vhdeh in amoecscod to o ppoeifie onvirennantal
condition.

L mgzzoicns bﬁ' am‘emﬂca& cogmoma

m&y oont Vuhme Fi ea) Loagth
1it. n? o
flcad o5 0:057 30.0
Teupl 5149 0.685 7240
fyog Bel 00330 £ 207.0
flends 049 0,073 17,2
Loge 1646 0s5%6 14340
Poot 200 04110 18,0

Ds Blocd Flov Diotributden nl/min.

BoGy Sogient tim Jab Taageldco Serc
Hood 62 0 20 900
Toonlt 2%0 0 1092 3120
feng L 0 123 0
domGn 7 0 6 0
Lago 29 0 262 0
Foot 63 0 7 0

e ’ g
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c. Poreontago Distributicn of liobchbolisn

BoGy {302};;2@3% . gidn rat Tmoole  Coro
Load ($1% 4] 1% V) Ce27 1652
unl - 070 2¢%0 1G«15 5955
5 ot 0e23 030 . 1472 0.20
Handn 0s10 9.65 | 0.0% 0,10
logo 00 0e52 306 153
Pock 0e20 013 0407 Co2h

e e »a a émﬁ. v |
Ra = 000120 K eal, UET e 15320 eal/hr/0C

N Km «""3 0&&&126 i 331/900/9!3 o l;,sl@g el /M ".:‘/ﬂ"
K © 000055 K aal/ooe/Pn = 1U30 exd/he/°6

Be
Toger of Hood | for Jobal Totobolie Tato cf (Dtw/hr)
L 1800 T e se00
Coro (l14) 74935 eal/hw 105 eal/he 1.25::105 eal/hy
Haoela(lly) 1225 eal/hz 1030 eal/hz 20% cal/hr

Mt (le) 971 cal/hp 1023 cal/he 1235 eal/hw
C34m(ii,) 016+5 esl/ue 1639 eol/hr  136) eal/he

i AN



{n avarago eardine output of Gel litpoo/minuto son bo
uged [10]
Tho avorago Blood Llow fipuron for hond avo ns follows ¢
€87 = 54000 nl/hr |
MP = 1200 nl/be
my = 0
e = 3720 nl/hv.

" 1) Spoeific hoat of blood Oy = 087 eal/ml/OC
31) Iovircnncatol hoat Cronpfop eoofficiont
g = 0.0576 eal/en™/hy o
111) Grin cpon Ay (Hond) = 1570 ead |
iv) Lyoporotivo hoot looo f£ron oifin (Hond)s 1099 col/hifs
v) %otol cvoporatien hoat lono £ren Doty
o 133 & col/hw. ,
vi) Booplralory craporutive hoal loooy Lpea 22 edl/noc.
7992 eal/hre

(Tato voluo of T Mib] 4o for 0 plondy veopiration
rato of 30/0dn wndor polative hunddity of S0 por
eoat ang crbicat taycrature of 30°¢C)

Le2

Tor ¢ non worlting nh hoat ofrops caviormnaat, thoro aro
oltantions in vaich 28 4o xwt popoiblo Co ¢ool tho caviromcnt.
io oltorpativo 4o to dgaoro tho onvirooncnt amd $o cool tho
oo 4.0e drdividunl coolinze Indivicunl eseling ecm bo dono by



o Qe

eonduction, convoction oF ovaporation of vater (gonerally pwoat)s
Cooling by ovoporatien of owonlo cnd eonvoeticn 1o dono by
bloving olp ovor tho nome o ineponoof voloelty of tho aobient
als imzovos ovonoration,y thus reducing tho hoot lozd.

Tntornal thormol rogulating dovieco for Cho cntiro hunon
bedty have bocn dovolepod tootode Koms, Pumoon and Norolos{16)
oganined tho offocetivenons of tho pomlatien dovieo op tho honde
In thip vorl, oxtornal thommol reogulotion dovieo on heod end
Srept 20 compidorode I¢ 40 bascd en Tho prineiple uocd by Buchborg
apnd doprch j2)s

Tho cooling oyston eomsiots of o noluorl of Subos hold
in contoet with tho ourfoco of tho chin of tho hood and Crum't,
vith o liguid eoolont flouing inoido Cho tudog. Tho fubos oro
socenod to bo perfostly ingalated fren Sho outoldo caviromncate
o ontornol thoronl rogulation dovico ean bo conpidored og o
oubotitutivo thormorogulatery dovieo, boscugo i€ Cho dovieo has
puffieiont eapchility cad io proporly comtroll.d, tho huacn body
cod bo padntoined dn o ofato of thortemcatrnlity. Tho ooln purposo
of tho dovieo ig to ndmindpo Cho matural thosmorcpulatory oochons
irno of shivoring and ovonting by varying tho shidm tcodoraturo
oo o funetion of motobolie hoot and o paintain Cho hunom body
fn Chomal eenforts |

™o oehenotde dingren of tho ontorpal theenol pogulotion
dovieo (Mg.12) ahws tho hond oF torpe gurpounded by a ﬁaﬁt—m&&
of tubog, insulotod frem 4ts outnido cavirerncat omd hold B
conlaet with tho surforo of diime Tho liquid esolant catorp tho



73

tubo £ron ono cnd apd Plovo fren Sho othar cade I¢ 4o osounod
thoet tho oposing of tho tuhoo 49 se canll that tho citin fcopo-
roburo 1s upiforn throughout Cho sogaonts

o funetion of tho otornol dovico 1o Lo pcnovo tho
hoat £ron the purfaso of tho ohin. Tho dovico ip apoumcd Co
pogulato tho riero-cavirernontal tcopcraturo, T, in oquation
(%) for hood cnd touml, vhich ean bo oppronirated by tho oarith-
natie noon of tho imlot ecolont Ucnporaturoy Tg;m ond outlet
coolont Samperaturcs Toue OO |

B0 8 (Tp ¢ Togy) (26)
Tho hoat Patovody gy by tho dovico Lo given by
qa =00y { Toug = %4p)

Roorronzing

Tout ® Tgm * 5%5"

Denation (27) doternimos $ho onvirenncatal fomoraturo
for cny given dnlot ceolomt Scoporaturo o ctlioult of heat to bo
gcoovod ond coolont nopo £low Poto. |

™o oot of similtoncous oguatiens gunnnrdsefl dn GobloeX
alongiih ogm. (26) ond (27) copeozinatoly roproocat €ho intogratod
bunen Chosaol oyotons ':i‘ha: untmoun vordoblens aro Zae By Zp tnd T
for aigforcat nogoonto of tho DoGye Mo oirulotion Salos into
aecount tho parcnotors of oxtornol Chormanl pogalation gystene
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~7om

Tao Lcporature profilon in variouo ol cacnte of tho boty omn
bo obtalncd for o givan notobolic ratoy dnlot eoolomt tompore
aturo o6 ecolant naso £lev Patos

be3 .
| Following results.are obtained
X, G008y otato tcoporaturo diotribution im non for 4ifforont

valuao of notcholie hont gonoration ratos.

X1, Dolatiomchin Hofuwoom agalanf; naoo £lov ol docp body
toparaturos fop voricus valuos of lictobolie hoot gomcrotion
zotos cnd dnlot coolcn® ﬁmawaﬁmc}m ‘

I1XIs Dolotlenoflp Botuoca dosp Body tcoporaturo ond notobolie
heatb goncrotien potos for vorpdous valucs of eoolont noso
£lous and for partieuloy voluos of inlob oocolont Scoporaturos.

IVe 1clationchip Botuocn tho dosy bety tcmoraturo ond tho
notoholia hoot gonesaticn voteo vithout using tho ontornal
thoroal pogulaticn daviecs

To  [GUATE AR

o tepepaturo in diffozent porto of hood 4+00 ecoro,
mugclo, £oU cnf ohidm Bavo boun coleulated fop theoo difforcnt
voluos of notobolie heat gencratien rotos vize, 11 = 1000 Btu/hr,
Il 2 246D Blu/Mwe cnd I @ 3000 Diu/hr. Oueh pooulis aro ealeulatod
to 000 hiov Sho oiin Saporaturo 4o offosted by tho variation of

- Seperaturo. 10 40 cocn. that o Aiffarenco of maxm. 3°C oeceuro

boluocn eoe Coparaturs cnd shin SCHCPOLUros



ov:gc) ©n °§2 0;:; ‘o:;m
BF(26+60) 26505 25060  2baB2 254 2
85(29e1%) 23e7b 23619 27s6L 23. 02
ON(32:22) 30033 307y 30.1 30.8
95(35+C1) 3389 3290  31e50 33460
L00(37:77) 3691 36022 3590 36435

1CH(L0e59) 39402 1303 37476 37.11
A10(53633) 5237 165 Wl.90 15149
S % ‘g o°%e3

C’C?(Gf.?) 0{} Oc Qc Qc
00(26466) 25663 PG el 24430
09(22sh) 23,72 23017 2713 2749
u0(32+22) 305 e 306k 32.26
09(35:Cl1) e €3 3355 32} 33005
LON(37e97) 36487  3GeB0 35033 35402
105¢Lne55) 3907 39623 3030 30:59
320¢%3.33) L2039 ble62 L0.BL b1.37




T

Il e 3660 BE:

44 % 93 % ' %
‘:ﬁocl‘ | ‘Gc OG ﬂc : Og
B80(26+66) 2549 2547 2 2, 2
35(29.bs) 23430 2320 26e11 27.00
00(32+22) a5 3.3 2989 29,97
Y5(35+00) 33«7 3370  3L.80 32455
100(37+77) 36+20 3590 35 35435
105(H0:55) 39455 3872 37.85 38.c7

110(53.33)  b276  b230 LO3E 10.88

- Tao thovo Fosulto of otoady ototo %memmre dictribution
in vas*ﬁana goanents of hood show ¢hot tho momm blopd tomporaturo
in tho body T, doeprongos vith tho fmaroage 4n notadolie hoat
rotos Wi eon bo onplaincd physiologicnlly co bolow.

Tuo to ineroaso ¢n Dotcdolic ratoy tho tcoporatura
inoido ¢ho body imepcasoss Thio vill frercoso tho hoot teanofer
£ron tho dnnor to tho outor Layors of tho befy ond ultimstoly
co atogphopos In tho ofoody ototo emﬂﬁ.wan, tho ultinato
tcaporoturo of blood vill oereagos

. <ho gletridbution of tcoporaturc dn huon boGy ( soy head
or ooy oogxat of Dedy) 4o usoful 4 Gasigning tho oxtormol
thorne-posulatory oyotomo.



o golationship for vardous valuco of inlot eoolomt
tomporaturos (v4s. Ty o 32°0, 10°2, 50°P ong 60OP) nave beom
ploftod botuvacn cml.ém nass flou rate ond doop boly tcemoraturo.
Fhopo eurvos oro for tho difforcnt voaluos of 11, fs0s

Il = 1300 Btuw/he
11 = 2400 Btu/hye
andey I = 3000 Btu/hr

It 1o vory eloor fron tho eurves thal ag Che inlot
tcaporature ineroagos, tho ewrvo boeeos nepe ond mere flote 4.0
nags Llov rato inercasco vith tho inerom in tho fnlot coolant.
tn 3plct esolont tcmporaburo of 60°7 crd esolent moss £lov rato
of 675 1b/hr can bo cnloyed to obinin hood coro toosoturo
of 93°7 for nmobabolie rato of 1800 DUwWMre JIndlcrly, tho dnlot
coolont tmgareatwo of 60°7 cnd 50°7 and mooo £lov ratos of
87.5 1b/hr and %3 1d/br con bo cployed to got tho heod eoro
tennorature of 93°P for notobolie rate of 2460 Btwhrs o
eorrooponding Cipuros for 3000 Btu/hy notcbolie rato €82 93+5 1b/hr
cad 90 b/ Thus 4 4o elear that tho coolont noos £lewv incronses
At tho dnepconoo in notoholie koot profueticn ratos.

vord ISR PMgoe 154 ond 153 shov Cho tcuporaiuro of tho hood coro
for 44cfcront naoo flov rotos and notobolie rotege Mo rogulte
ghoy that dnlot ecolemt tcporaturo of 60°P ond eoslomt Daoo
£1dv rato of 10 1b/he ecn bo wood to naintoln tho hoad eoro
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ot o3%p cren ot zmotodolid rato of '1?50 Btu/hye Tho eorraoononding
voduos of notobolie ratos fdza coolont naps flov Pate of 30 1b/he,
50 10/ c5d 100 1b/hr  woro 1840 Dtwhe, 2375 Stu/hr m mowo
thon 3050 Btw/hr for o coolent tomporaturo of 66°F o taerons

o nago £loy rato of 30 &b/m? ond !:so' v/ vill do ﬁuo nueh to
nodntadn o eopo LeporRolbuno of 23°7 wmca tho epolomt tc:zpomﬁm'é
1g 20°%

folotionchipo 3I oed I1X hovo doca ootedliched to 0co
Ca3at thore rpay bo o niEdoy of combinations for romuloting tho
boGy tomeraturo at 93°r coploying diffopont ceolomt Couporalures,
ond C4€70scnt coolont nage f£lot rotos {for aifforcnt motcbolic
hoat »PoCaeticn podos)e Toso Folatiens vill Do holpgul 1 crolving
gcno ooticm voluoo of coolont Comoraturo ord tiaos flov Foto
Go Pogalota tho body torperaturons | |

Joing Cho pdmmltomesus oquationo given im €cblo - 'I, tho
notebolic hoat pabeos woro ealeulatcd for wvepldous voluos of hood
eoP0 CConcRaturoge cOllGinn wopulto wore obi:aincﬂ,,

Ncad %eed Pcpornturo 990 lotobolie “Into
(°c) K eal/he Btw/ie
35 - W88 1935
36 5k9 20

37 611 o243

33 673 267

3 733 2l

L0 746 310

L) 897 356




.

Tho hoaG coro teporatura 0 plotted agadnot tho
notebolie rotos By graph, tho notobolie rato ot 93°¢ (mornol
roetol tomperaturo) 4o 534X eal/br cnd ot 105°F (monimm
tonoroture 4n easo of fyphoid) fo 852 K eal/ip, Tnus tho
voluo of motebelie Tato hap incronncd bykSs9 por eont vith
tho roetal tcporaturo ineronoo of 720 Taoroforo thero is an
ineronso of 656 poP ccat of notobolie ¥ato for ovory °F inercaoo
in core taporaturos Thip ropult ip quito nooy: to tho cotoblishod
giguro of approximtoly 7 poreont imercaso in notcholie roto
per OF ineroaso in body tcaporaturo[ps]. Abigulty botuoan tho
rooulis noy bo due %o oono orror i tho #wamaﬁars tolicn in
" tho propescd modols

o oodol sugms%ﬁ hore 1o bottor fhon tho aﬁher
pmviauts codolo 4n tho fomwinrv Pospoets,

1+ Horo cach somant 4o nnsmncﬂ o Do Qlvided in four loyoro
vine COPOy :ﬁme@la, fot cnd ghine Tao pPovious rodols havo
ofthor throc or tvo laycrs inm ceah sognmbe Shevafero in tho
proocat modol the tcaparature diotributicn 1o Doro reaconcblos

2¢ Tho tapeopature of blood floving in vorious sofments somo
to bo bottoy ropropented bozouso the arcas of nll thoe loyoro
of all tho sogmantn as well as tholr tcornfuro hove hocn
Caren into nccount tﬁila colenlatine neam tomnapaturo of
bloods |

3. Deab lost by tho dlood going o hands and £oot(vie armo
ond logo recpeetivoly) te tho o and Lopgs has bocn toliem
into oocount {(In othor sogncnto tho blesd dircestly goos
£ren the contieral blocd ectapartucnt)s



w30

he Do to tho hoat loot by tho bleed zoing to hando ané foot
(o5 ocationed in 3), tho Scopopature of Cho bDleod in theso
oamonto 45 tolan to bo C«5°C losoce thon tho eantrol blood

tcoporatuzo.

S¢ oot loot in tho lunso fo token into nccount.

Tho orrog in tho rooults boy bﬁ aao to impropor valuos
of tho poronators Schien dn tho enleulation. Tho papaonotors Saten
horo opo not otandard valuog nontionod anyuvhoro, dut aro the
voluog uscd 40 tholr rodols by cortain workerse Oue valuog mi?b
nagnly tho ozeo used by Vo Miller and Semprovo [1k) and |
/0 Susicha [103s Tho Fosults Doy further bo Dodifiod by
obtaining noy oyprepriato voluos of tho conotontos ,

TR 1o any "ERSITY

1]
(ks s






Tho zoopizatory quotiont (R.Qs) 4o ¢ho ratio of tho
volumo of €0, ovolvod £zom the luaze over tho wHluro of 0,
obeorbob £ron the lunyw 4n oy NAmito.

IBTABOLIC RA

Prom tho kmowlodso of tho recpirotery oxohanicc, tho
motobolie rotoc 4.0, the onroEgy produgod in tho body enm bo ine
dircatly Gotermimd. It may b2 apoumdd ¢hot 0l) the onorgy 40
dorivod Lron varying proportions of carbshydrato and fat,

12 di£forent proporvions of gorbohydrato amil fat avo
burnat in & oalorimotor vwith 1 diero of oxygom, i¢ 40 found thot
puzc corbohydrate (R.Q = 1) yiold obout 5 K calp puse Lo
{Rg = 0.7) yiolde aboug 4.0 L osl, and various miztupes of carbdee
bydroato and £0% (ReQ. bo*swoon 0.7 ond 1.0) awaa beﬁuoen 408
ond 5 K onde

~ %ho R.Q. boing kmowm, €ao heat valuo of 1 litro of |
o2ygon 1o édoducod f£3om o tablog &f ¢ho oxygen conoumpSion in alcy
kasua tho hoot produotion con be dotorminad, Zhuo 4f R.Q.e Q.8
(colorifio valuo per 14tro 0, = 4.875) and 0, Goncumption por
pdnnto 10 0.25 24¢ro, thoRd tho hopt produgtion por mimigo 40
0.25 2 4.875 = 1,22 K o0nle

Clintonlly tho motabollo roto undor coriitions of comploto
£oot and fasting (bocal motabolie roto) io ecloulated Cronm Cho
oxypgon sonsumption aianaa
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APPEIDIX = I

PASAL [RRABOLISI)

By ¢hic 4o moant tho empgy output of an individupl
unfor otanlardicod Pesting eorditions, 1.0. ot eomploto bodily
anfi phyoteal ooty 2=98 houwn at'?;ér o mal (poote-nboorptivo
poried) oni an oquablo onvirermontnl tomporaturc,

Tho dapal motobolisn ic mot tho hweﬁét vooeibie lovol
%o which the metabolicm can fell in o oubjooty 4% ooy bo loworod
Lurthoy, for ex, Dy otnrvation oy Thyroid doLidionpy, 4¢ ip
oimply Btatel oo tho notoboliom undor otanderd ropting confidions,

| 0lintcally B.l«R. 40 oxpxooscd a8 o possontcse adovo or
bolew the ascoptod normal otonford for tho indiviGual. Thuo tho
" BefleRe 0f +50 moans enz vhich is 50 por cont sbowo the mrmnl
avorage for that pereen.

Tho mormol rargo of motabslion in pooplo of idontienl
physienl otatuc nmay vory comoconly by 290 por cont o roroly
even by oo gueh oo 220 por oends

1, SURPAGE AREA ¢ Tho bassl motcboliom 4o root elosoly

- poelated 4o the surfnoc arcn ond io loso dircetly rolatod ¢o
hoigbt o2 wvoight. The surfaco oroa can bo ccleulatod from Che
fonwins formula, AP m hoight onf vwoight oro koown.

Ao 120425 4 500725 4 74 84,
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A = supfoec axo0 6132
Y cofght 4n Ege
H < hofzht 4 em.

In ¢ho mnle 40 K end, ord ia fomale ndult 37 K enl,
are givon 0ff ovory hour por ngeme of body cuxfree ( tho ourfono
areo of on ovorase cdult 10 about 1.8 omz)a or ¢nproopod in
Sorms of body veight, tho bonal metabolicnm crmounto ¢ oboug
1 K sel/ke/hr. The values guotod for motobolia mato avoraso
nnrmal valuoGe | '

2, NSE % Tho baoal metoboliem 4o conoidorably gEootor POr Oge
cotor of ousfoso An childrom thaon An pdultod thore fo o fusthos
gradunl £all 4n tho motoboliom dusiny odult 1ifo oo ogo cdvansose
Thooo £oats ozo choun 4p tho tablo bolow.

=%ga 1n yoars “BHR 48 I ool.
POy DOgs E2%0F por hr.

S N S R S A SISy

Fnlo Poralo
2 57.0 - 5245
6 55.0 50,6
8 51,8 47.0
10 48,5 - 45,9
[ 45,7 36.8
20 4364 3649
30 39¢3 9567
&0 38.0 J5e7
50 36.7 94,0

60 355 326
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9. BRARVATION 3 or prolonzod unformntrition dompo dgwm Sho
notobalde rato. For cuamplo, in o mon whe hoo faoted 3% dayo,
tho Andly basal ootobolicn dimdntohod £rom $58 to 797 I onl/u’
of purfeeo ovon, o £all of ovor 20 porconte In poorly mourichod
potionto tho xoduced body woight oon £innlly bo oaintoainod on
conoidortdly looo <hon tho a’ieundard banat snlosria soquisomonto,

4o  BODY TZIPERATURE 5 For ovory »eo of 1°F 4n She imtormnl
%mpemtum of body, the baoal metabolism inereaved by 7 por sont,
Tho ohomieal rocotions of $ho bedy, lilte thoso ooourins im o

toot tubo, oro npaeﬂo& up by & rice of temporaturc. Thuc o pationt
oufferdng from proumenin with o tomperature of 105°F (aveut 7P
absvo normal) would havo an irercaoo of S0 por cond inm hio

potabolion {(and in hio pulmnnary vontilathon ) boesausoe of fovor
alono. '

8.  EXIERNA , Qaipe AZURE ¢ Expoouro o cold Lpercancs tho
patabolion, thoro io camqquantly insroasod hent prodection vhich
holps to modntodn tho nopmnl body tomporaturo. Lxpoouro {0
cntornal oot of briof duration boo 1ittlo offcot on motabolion,
op conpeonvation &g offcotcd modnly by Arsromning heat looo, i
tho oxyoénro ip pxplonsoﬂ,, a grodunl £all in tho motabolie zoto
toton pledos

6. DUQTLESS GLAMDS
(1) Tho cotivo prineiplo of ¢tho thyroid gland - <hyroring-

coto as o gomoral éntalyot, opeoding up the motnbolie notivitios
0f tho <iconos.
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Thuo in thyrotonicooio, inm m::n ¢horo 4o ingronood
poorotion of tho cetivo peinsiplo of tho glm, tho b_maa
motabolionm way insrcace LR 4 cowro oaso upts doudle the
nornal (.0 tho BeMeRe 10 upto ¢ 10_0)» In nyxeclomn, 4B
wvhich therc 1o loocomsd coorotion of thyroxinal , mitgbolie
cotivity may be dopresccd to 60 por cont or 7O por cont of
tho pormal,

(11) Adropalino iroreasce the motabolic rate, but to o
lcss bxis‘gnt than thyroxin. |

(141) Tho imotorior pituttary influoncos tho motabolis
rote indireotly throusgh i¢s thyrotrophlc harnono.

7.  1n oortains othor conditions there ip an inspcascd
metabolie rato for no very olcor reason,

8,  The teking of food otimlntor motaboliom. Thic offoot
4o rot equally markod with nll elooseon of food stuffs, bolngy
leaot with carbohydrates and fat, ond greatoot with protoin.
 If 125 gm. of protein in the foram of meat arc oaten at omo
noal, the metabolion rised to reach o marimun aftor 3‘%5 boutr:i
and then slowly doolinnsi the peck perecntopo dnsrocsoo 4o
 $0=35 por conti tho total insyease in motobolien ooy avorizge
20 por oont.

Y laotly, and moot important, there is an imercose in tho
rotebholien with nuasular vork. Durirg ovory viclent oxoroico
the ozygon consumpltion poé mimto may rise freon 250 ol to

4 1itreo, or oven moro $.0. tho mﬁabonnm'nay 8350000 OVOP
16 tinos,
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APFEIDIX o 311

( Vazuco apply far o 154 1b mam, ond do Bt imludo root pouco ) |

- Me e
| Sotivisy 1 Btw/he.
LiphE YOSk
Slecping 250
Sitting quitoly 400
Sitiing, rodornto orm and trut movomonto ,
(csgs dock wori typing) 450+550
gitting, modoroto exrm apd log movements |
(eoge playimz orgons, driving ocap in twoffic)  550=650
Stamding, light wvork ot mnohins or bonsh,
ootly armo 550=550
lpdorate woric
Litting, hoavy arm and. log mnvamnts, £650-800
Stonding, light tork at mchino oy bomh, _
oomn Wi Lng abouts 650-750
S¢onding, rodorato wom ot maohind or bonsh,
sorv wolking obout 750=4000
vallking obout with moderate 1i£ting ox pushing  1000-4400
Heoyy voxk |
Intormdttont hoavy Ai2ting or
pulling (o.g« pick ord ahow worn‘? 1500«20600

Herdoot ouptaind vork

20002400
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