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This thosio c tinu -a a ocor2 of roaoarob ror! 
ourriod out on porio-lic hoot flow r tharoctor1øttcs of 
building olomonts onA tho proliction of indoor air too. 

par xturos of bui 4ln-o by 1etrici. :Analoauo mot o 

winch a stuffy was .f3und owoontial for ovoiving bui ,dine 

do,...-I ;no to u1.t ctVOrO ci1nattc cøudition of Indlu. 

A buil,dinS Olc :.ant is roproaontol on thin 

cUlulobuc by a Guitablo ooibinatiori of robicttrtco » co,pa-

eitutco network# Tho typo ond tic auob r of lumpsc 

roqu1 od to roprocont a building fabric to docido.1 by the 

thin coo and phycicoi proportion of the utor .al. The 

ourfcco boat trunof'or coofficionto arc roprouontccl by 

Luitublo rccivtaucoD, 

A ctoady otato oinw oid&. ozcitati.on has boon 

adopted to ctculato tho diurnal aol~.air toporcturo 

vartationc. Tho main advLnta3cs of this approach ovor 

other , ,imlat on tochniquos aro (i)Ltolix inutos the nood 

of coiplicatod electronic c.uipnant like function 6onora-

toro Qni rotor:in;; dovicoc, (it) m Lot poc iblo to copa-

rate t o otfoct s of climaticc factors tro tho thorn 1. 
oburactorieticc of tho butldirb fabric and (iii) only do 
quuntitio viz., uo litudo ctorrc nt rnd pbuuo lc:j c n;;lo 

are cutficiont to rowwuro on the tnoloCuo notwor t. 
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To f xr ilitato pht o Qoacuro ntt,, u diroct 

ro is audio phaao z otor cupablo of rondinG upto ± 10 

hau boon apoia11y doziGnod anc fabricated. 

The number of lumps roquirod to ropi•vaont siny 

b tildina. o1os ,ant udoquuto 7 on the tinA1ox uo has boon 

o3tab1iCho1 both tbooraticully n1 o~sporir 3ntt 11y. 

Computod ~,,~t; , on the trio for matrix coofficionto, for 

1uap L ani 4itributod aytoiz, roquirc:i for ovaiu3tin 

the 1uiipin ; orror in the cctirtion of toc poraturoc and 

hot f1uxou, c ro 1; o included. 

To lofino coaplotoly the tr .n iunt hohzaviour 

of a buildinij caziponont o sot of throe :nalo3oua syotc 

functi: no ions trc rt for nn.1 t'~o drivinC point) crc 

re uirod. 	i:.tioiwhips botuo3n t e.io functions und the 

transfor itriz coefficionto, for wzaonly occurinj; 

ho dary co ed itio»u have boon derivoc in this thccio . 

detailed study of the typo and thickn0cs of 

each 1~►yor :end the o£to~:t of the or Ior of arrun, oacnt on 

the ovoru11 thorn a1 functions of the coz.posito construc-. 

tion, huc uloo boon n4o. 

A i inplo nd. floxiblo co ,putational. tnothol 

for tho piictiori of te.:e indo°ar u i ' tcuporturo, in 

tort of thwrn:.~l, zy: to fuitiom, '11' va1u .0 and soltr 

tczpar"turn« , huz boon ovolvcti . ; thi . Qcithod utilicc3 
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the pret4buluted thirt 4 oyutorn function data, it oliDinc to 

the necos it; of representing a full room or a "b aildiri 

vith all its structtural olo, oats Luld input ,Qn©ratoro, on 

the analo e, for each spocitic .utudy. 

This method, when aeon with the data pro3ented 

in this thoais, leads to a quantitative evaluation a:" th; 

relative thermal officlancios of the variouw po3dible 

structural co tbinations and other dia it;n actors . A. dew 

a lie tions of the data are Aso iilustr ted. 
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Aerate pre4iciton, of the thormal bthavi3ur 

of btU34,tnj undor ,)or1oiic vzjutiors of tot rats 
tn:t bout f1 , i& of e i :ir o wale pr .ctiau3. importz nco 

In bul3Uing, £C3i(,.n. i thQU I1 a COQ . JC 1 of work, 2UO 

boon ions in thin direction L*nl no-, r•othc s L►nd tvc iiquos 

ovolved, , evox 	robla of )ructic l intoro$t, still 

:s "it OItiOA2, 4 , .: G3 Zx 4fly to tbo cuItilicity of 

t o v,s ri:-bloc in of vn cm the 1:  ' u ;; iin nl o .urn 

flexible rot cd for stulyinc the tr. uiont heat flow, 

throuh Lruilinj; V b sic . 

: ptu'oli .nulyt is ib .,olution of this ')robla1 

in not impo3ziblc, but it Ic very l .borioui "ni timee 

c or U nG, oven pith tho ailability of such efficient 

ciotb ds, c t utri ctn i'z , i4fl symbolic ocleuius. If 

amore th..,n L: €c z ari"bic 	'o to bo invosticate;.1 sinul- 
tcnoOusl7, fiold moa ur : cnt are not prwwtieable. This 

mpopc s , tiorious 1i t tioa oc tb3;. o rosult:, which do 

not 11 to :ny Ccncr .final oaacluiir nc. 'u thc to 
o tmai io t o Influcnwa of c ~jch of the aovorul vtrit blcs 

th"t o o : s r i 11y ao o aoro in beat tr,:nsfer probio=, 

(A $ ;O numb r Of tt 1;C{ Ui avo to bo built in 

difforont clitn. tic zono:: ; 1 th3 re,~ult &niyod 
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Otz1tiOtico117. Juoh a procas~uro In t1rio eoncurinr, and 

unoco~.ic ,. 

.,lOotrioul an iou cithoo h"Vo boon found to 

bo roro cuttabio for such problornz3 and yioid quick 6md 
oconoiacU. rouu1tr#. 

Tho loctrical =alouo zi.~.u1L tos thorao1 

problems in ter 1. car cloctric41 qu titi.~o . J1thin tho 
limits' sot by tho occur: oy of tho cn o;uo t n'i tho basic 
acsu3ptionu ri .4o In tho theory, bc r. zt.J.acuo mct od try 

be ro; urdod .; a 4ao w oi c"rr,, in out ooratrollod cxpori-

no t on a v'urio t r oi' builfcin&, c lo"ar44d, unior idontioa1 

conditionn. 

AoLot oi Uxo t,iLrc tiL;..tioaa or,)1oyin ; oio: tricu]. 

anrio uo nothilu ;.oro a.. iniy rQ trictcd to tho o :tim._tion 
of Thbrio coolin; 1o4; £'or air oyti it ionint ar,j ocod. 

Tou h tho o tochniquo c: n bo oton1ei to inoUitioiod  

builiinCd, tho.io will h .vo only a linitrd x p .1ication. 

ho si ►ulLc tion of t room. or as bui .- ir~,r ' ith tLll its 
rte cYilura1 W'4 - Aone aYs, and the wzo oMi4.iMoil in at L Nn:)AIDaAlorz} 

ra o the nor1t too co lcx for oz77or ntu1 i;orI. ::von 

tho initial cost of thL . ui;nont bo saint oxhorbitant, 

tioroovor tho oftorto involved in biculutin ,; tho oovorc1 
variublos (clir.~tic un1 dozi&n) +nti their poDzib10 coobi- 

n,.tioud on cuoh un arwlo uo oake the , o rod 	ro io  

un y► unouit~►ble to: doii;n probloz:~. 
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It ivo therofora, apparent that there im a 
Cenuino nOO43 for the dovolo, went of a atmplo and flexible 
method to obtainn n quick evaluation of thermal efficioncioc 
of buil.2ints a n.i building olemonts. The prin4ry requisito 
of auo.b a motho 1 13 that it should be o .pablo of taking 
into account the influenw4 of various fctors, other tLn 
the co: struotio1iu1 vari~:ttons, vii., vuatil .lion, oricnta» 
tin, turfz co trcatontz, intorni.l hoot aourcou cud  sin .a, 
ra«ier a'l +ind S I3Qnul vvri.itionc of teavaraturaa ant :lour 
r4 Ltian auto. 

, vary proi'itaola lino of ap,roach would be 
i) to obtain the ba:. is refs ;'ontio di to o-i trt. font thermal 
chrawtYristic3 of 1- ro tub n' or building; soctions, 
t c t aria aijit ca.io cz osa in pructici, bj the electrical 
analogue not1c,.1, tnd. ti) to lav'iio a Ciml )lo at'k"iputz tior*al 
atho4% to iro.iict the indoor air t o~'aturo3, utilising 

the above pzot ;bulatod dad;a, for i , ao ination of 
buildin coct 10- s1 L n iar any of i n .tie aan4 itions . 

This i)iOCiG L mainly directed totiu'dt the 
dQvolo;xa,int of such a c tho`t z t i t 3. &ccta. 

In adiition c ovcr&i other problems of intcroat 
i 0 the unulo :ua ra ,V o 3ontutio;i of the bui 11ng 

sections by lu ioJ eaactad n twor!za, it) influence of 
Ourfacu hu,At trzAn:,far 000frioient$ of the l 4n errors  
and th xnAl j.tatz i &cti s, iii) thM o fact oZ' different 

, 
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combitiatios of 1yorz or mutcri a on the thorn 

bchtzviour of the irdivtduc1 iciyers and on the compor tte 
iQCti fl a;) a ► ic3.o, huvo alo t boon Stu ttOd in this t o ►ia. 

«:ich a study will lead to a bottor un-AlortAn ain,; 

of tho tzanaiont bchciviour of oc po3itc constructions &,nd 
will finally rc ult in the Approprridto cosign of caxpo3ito 
cor trnctiona]. oleronto boat cuita:A' to the cltni:tic 

ccndii 3on3 of c ivon pl"co . 
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Zn tho ctou4y zitato hoot €low ana1yoi:; tho 

bout, atom capacity of tho atructaro do3 not cc 

into tho picturo. In elinatos thoro, thoro zero 1aro 

o; iQ3io VaXiatiOflZ of air tc prarLtura ant Corr rcaiu-
tior , tho tbornoi c p:~oity of o orn~al and intornal 
buildingciu ntz play a 4;rcut rolo In 1i.tyin, tho 
to 3poraturo distribution ant tho rnto of ho;xt tboi, 
with ropoet to both c aeo and ticia. 

The tocIianicci, of bc: t P2o► throu h a buildin 
ob000nt, ooy a t olU, do2' tr, ru icnt con1itions may ' 

vi.cua3.tsod in the f oUo'iin . ciunnor. An oloiontor,y thic1t-. 

noc o of wall Just bonoath the outuido our€aoo # rocoivo a 

not hoot Gain by oonvaction anC. radiation. Fa portion of 

this onoray i3 : pond; in hoatinG up tho olonnnt (in qucation) 

,jhtbo tho bulanco is.+ con uctod on to tho riott obc ntar r~ 
thte noso of the tall un1 tjo on. 	a definite interval 

of time is roquiro1 for the 1noidont ho.-,t to r"ico the 
tocpor"turo of the olc nt (in quoo firm.) thoro la a 
tZi€€crc;nco botuoon the toriporaturo or bout uavo.; at tho 
outer on the inner cur€, icoa * ; urth. r , ao Sono o the 
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inpat onoriy io ucod up in boatinr tho wall, tI,.o umpli- 

t do of tho Bravo nt tho innor z urfr co in conoi lorubly 
roducod. e 

The in ob3oct of the invo.:tirutions on 

oriodio boat l :t through tho butidtng olot onto in to 
ontabl ob a rolationahip iron the t iorr ul comtitiow 
of tho outdoor and Indoor onvironmontn and tho proportiot 
of tho intorvoninG otructnro. "thin noca nitatod a dov loj-
oont of tho thoory of no toady Gtuto ho; t flo , un1 
coluti no to tho t rior bout conduction OguT tion un or 
natural boundary con; it.tono , .̀ "ho differential ouatioa 
of hoot flow in oolidn which j;iroci the tomporatvro 
distribution titb tiro rua .ivon by Vourior an 

a t 	a'-t 	et 	alt 
r25T - a axz 	ayZ + a ZZ 

tthoro t = tcDporaturo at tho point (' f Y , Z) at tine. 

a = ''Pn - thortrnl difr.w ivit7 in Pt2/ 
X= t iorzal conductivity In Btu/RF t/I r/°F 
a = specific hoot Btu/Lb/°I' 
P = dons ty Lb/ 't3. 

In spocial conlitiow (parallel bowiding curfacon uuith 
l , o aroa oozpuroc1 to tho thicknoes) the bout floti can 
be oo n idorod + w ono ditionolonal. Thon tbo above 
equation roJucos to 

at =a azt 
aT 	ax.~ 

(2) 



:7: 

'or all woticcJ, s zarpocoo tho buildi.n c=pononts ouch 

ac 	e, roof, floor ate., sati fy tho con~i Ltion of 

uniiiroetoial Iat rlo i, flonco thta cquution ('3) is 
to bo colvat., for a given build ice; olcrnont, tii th. tho 
c ppropr1nto oxtornt.al n1 intornul boundary coniitics 13, 
w3 c a of courso v av7 from aituuti0 to o ituation« :.:10 
boat oxc un o t.a%inG Lco at tho outar anzi inner ,Jur-
faces torn the outciio wii i 3iJo toundury ooniitiono 
a os otivol.3'. ionoo tho o ro3nio 	or tho o hoot 
oxoh cis are or fund cnt;.~l i ?ort€ nco r: n -hou L 1 bo 

oxprosied In the 1oplo3t do J ctblo Ior a con3iutcnt with  

the roquircoonta, to a c-, ttofcotor;i do. roo of uccurue;r. 

`.dio phoazIonL of boat ozchun,;o at the outoiUo 

fr aco of a L i3.c1ih ; olc nt ups itlustr;itod in Pig. 
can bo rano1vo2 into to follecin;, cca Dmonto s 

1) Hoot tranclor by convection botwoon the 

surtaoo arc tho outdoor air. 
II) Total solur r4didtion (Diroet + L)iffuso) 

ub orbos2 by the surfuco 
111) lioat trmoror by low' tuaq.:rturo riation 

ozr nio bat con tho cur£aoo ;end the oatioor 
onviran ant. 

ranri iv) T o rata of heat tr a 'or b+v eon,1uction into 
the building olonoat. 
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LIGHTS 

\\ CONVECTION  
too 	 E_ 	2 _ RADIATFON rO 4ND 

,i 	1, 	c04~ FROwt EVERY SURFACE 
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CONVECTION \ Glass \ 	Jr 

	

toa------~ Indow ' 	\O 

'1 

1 

1, 	 O0'O 

I -- SOLAR RADIATION 	 I 

y--SOLAR TRANSMISSIVITY OF WINDOW 

tos — OUTSIDE SURFACE TEMP. 

tis — INSIDE SURFACE TEMP. 

c , — HEAT FLOW FROM OUTSIDE SURFACE TO INSIDE 

toa AMBIENT TEMPERATURE 

t;Q— ROOM AIR TEMPERATURE 

ac— SOLAR ABSORPTIVITY OF THE SURFACE 

R -- LONG WAVE RADIATION FROM THE SURROUNDINGS 

E ^— RADIATION EMITTED FROM THE SURFACE 

E -- EMISSIVITY OF SURFACE 	, 

2- 1 HEAT BALANCE AT THE OUTSIDE AND INSIDE SURFACES 
OF AN EXPOSED WALL OF AN ENCLOSURE 



Tho bo t baVinco ogwitton t tho o'+itsi4o 

:;urfvco Ic E,ivon by 

qos + 	(t 	- toa) + o'. + 1. = ID 	:.6 (3) 

V4oro 
os » ire . tc tr oauo boat flux ontorIn  tbo 

but1.1tna olonont t tho outt~it.o uurtuco 
par unit urou. 

LA row ° out 3Idc aC.,urf aca convect I on hotA tr for 

. t cooclont w 

. toga = out aico utr tozporQturo. 
tot 	outsido sur ,'aC3 tom aturo. 

intaru4ty of tho total uolr►r rs d.utton 
inol ont on he tr Yarn ()iroct + Jlffu") 

oC 	ubnorptivity of uurfu.co for . soLAr 
rr .i Lion. 

If 	not long tuVO radiation ohango bot--e'Vcn 
the 	n1 it lzurrc u :: ,ire ,n . 

tai tho". c ponont prto of the equation (3) dopcnL 

st'on the tonthor olorionto r r the ourf co propertIos 1 
woaxonc1 cn diurnul. vcrIattono or thot►o climatic 
facto vu CVO to be titon Into coiotdoration. 

mbinir AU tern Thotoe Itto a uin to ►rcotor 
till Qj plify tho Oar3 uti tton to a erect ortont. 

i:aazzoy urn, iirl,,bt (1) h :vo Intro-,,uc.i the 
concept of ooleair tc peraturo, vbi.Lt cobthoc the utr 
tomporatura :. d ooi ru iction into c oin,lo oquiv lont 
toporLtuo. tu 	the c otin&tIoa of the jol-zI 
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toperuturo, the ortern{li bunUUwry conUition i. ;ivrn by 

hOQ (tau '0 t0) 
	

•0 . (4) 

where t is the So1-air to. poraturo. In their on in .1 

cork, these authors )rnvo not ten the low to aporuturo 
radiation, into aocou~ t n1 tho r ...r .r tomporaturo L, 
, ivon by tho equation 

KIT 
tai, 	tou + 	 ... (5S 

i ok,1octing the low temperature r .4iation is not ju: ti-

fiubi.e aai tb3 ubovo tormul for co1»uir to poruturo 

requires modification. , Via mo iifie ► oquntion aocor1inZ 
to A ux (2) may bD written as 

taa 	tocz 4 	
1100 

To cc put, tho soi-air temparaturo, a hnow1o1, o of the 

incident soi.ur radiation intonzity, . urt,uco 3borption. 
cooffieiont, 10`. to po aturo r41iation surface convection 
heat trr nofor . coeffiotont, urea roquirod, apart from the 
outdoor air tongorutur!. s date„ Tho intan:itty of olur 
r iution incident upon u urfaco, dopon' c upon many 
factors Luck as orient-_tioi, 1.utitu1o, dray and tip, 
atmospheric con litiono ate. IL:nco for c Liven loo"lity, 
thous k u1X the &urf coa of a build :nZ urn ; ub joctod to 

tho zuno crnbiont air tzxiporaturo, tho ao1-ulr tenpor to "o 



ill ba 	to ir£ur nt1y o 1cnt1 w ':.~c: ►. 

Ai o].4' rc l"tion inter;. ity dutu ( uu,uro4 u.i well uu 
u mtod) for nunb..r of rlLlaos {.2 differently orionto°1 
uurfua= is uvailublo In the litorutuo (3). r 	ti n 

of do l n curve ofdiurnal yr iutions of r o1-u1r top 
eruturo for su. ,or un tiintor uo on ► for yr rio i 4z:, 
£ .ci auto the Dalcufitiono of boat trci;;for thro;h 
brailUint olocantc arc~ tha 1oo,n or b;ai1c1ini tzo *Ji$t r 
;iVo i cltt ato. 

The curroco , bzorptian 	 or z~ol.r 
rt;11 tton dopon L uj n the curfuec o31ur n_i t1 wi6lo 

of inCi!OfCQ. cO1:kidOrublo ciorh h bia. ioxia o f t hL, 
u apoct (4, $) c i luro iount of r jI=4 	LO 

uv .0 .itli in the iitoraturG (C, 7). 

ho to tr:aporutur: rLtto1 r :' ivy i b; u 

butldinr olor ont., dopon1s upon tbo rc"u ri :.nt
turo or the ct a o in, ground ,.n1 ctAJrO, It Li 
uaually D uo Ut the out-I.-or uurrc zn U.it,* :atilt 
UUuvQ ru'1i"tion .:n a black be tr ut air 	y w ur (i)) • 
LJan20 hi not ruU.. ti sn 	b.~L1:~. 	t 	 a i 

z;i wurrjun in,,, j i 	p 'c:~.̂:Q3 L s 

- 4) 	S.. (7) 
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whore 
6 = absorptivity and emissivity of the 

surface for long-wave thermal radiation. 

a° = 64tophun Holtzman constant. 
Tos  = absolute surface temperature, and 
Toa  = absolute air temperature. 

Burnt (9) has pointed out that the outdoor surroundings 
by no means radiate as a black body at air temperature 
and correlated the long wave radiation omitted by cloud-
less atmosphere with water vapour pressure present in 
the atmosphere based on Dines and Dines measurements (10). 

The correlation is given by 

R 	= Rb, ( a + b 	lPV  )  

where 
Rb  = low temperature radiation emitted by a 

blackbody at outdoor air temperature 
(i.e., 	c-  Toa  ) 

R 	low temperature radiation emitted by the 
atmos phoro . 

P,, = the w ;tor vapour pressure in inches of 
mercury. 

and 'b' are constants and given as 0.55 and 
0.33 respectively for horizontal surfaces and 
as 0.3 and 0.165 for vertical surfaces. 

Roux (2) pointed out, that while the Burnt's equation (8) 

Gives an accurate estimate of loci temperature radiation 
during night times, is not strictly valid for conditions 
for day times when solar radiation intensity is high. 

However, the equation (8) is very useful as a working 
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for1ai3 In tho !,b ,-:nco of noro raliablo th tu. Unior 

cloudy co= linon3 tho icy*,i tomp t turn radiation of tta 
atcorpioro incortoa d ap roue o tho b1Lt be * 
r iation at air tonporuturo for an o arcaat c y 
con. ition. ub tit itia, tho v .uo of t- in tho sol- it 

toporaturo o ,cation (5) we Cot 

okX + G' A;04 (a + b o.) 	E `s- r«~ 	0* ( ) 
• ova 

hoc 

hi ozp, 4 V iAon Licluies a toriz or c x f"co 1✓  ;aporV 3, 

ti+ h is a runctton of tholcal pz opurtioa of tho 

building olo ont wa volt. : tt o z of-ialr to peruturu 

to bo c uto i or :1uoivoly rrc tho wa;. tb:jr a at;s, tho 

toz 	to, ro tho abovo ox «o;; rio . ir; to bo olthtn :tod. 

ror this arpo o a no torn "artL icial. 4 rf uco r~ `tic t iv, 
bent tr r;rar caotx icionb'' hw boon doff :1 (2~ ac 

1244 
E 	ta: 	 (La)  

toad 

iith ttro help of th. equation (13) wo obtain the aol-.sir 

twporatu. o ao 

(Er- a ) t 	t 	 ~.. ~, 	 000 11 

Libo tormo (hays 1hod aro c binoc1 into a zinjlo too 



thick to cU1, lolly tho outoilo &ur `hca hoat trcncifor 

coofficiont +rho) 

2.13 	 tho) 

o soon frcx tho rbovo oquatlon 'h,' coniotz 
of two parts, trio 3rd ccrn ooti o c r"diuti Vo 000f+1w icicn ... • 

Tho ooz voctivo coofficiont 1s tido up of two + poacnto,  

tho forco I corwootion (h 0) wid rtLtural convoo-
tL (hano) i ovor 1 invoc tiCotoro (11 - 15) h,. vo 

ctu 1iod tho naturc of the forco 	natural convoutivo 

hoat trancfor aal Ctvtn o ?iricc1 oq+ .mtion3 rolatihj 

: cvor;. 1 fi ct oro involvc l in tho p tondo nu . Doth tho 

conVoctivo and radi.tivo 000fficiontshavo boon f . d 

to iLr, co!u i Aorz2bl7 during &r cnd. ni;Ght, un thoy arc 

dopQndont on tho air tc poruturo and wind velocity 

(16,, 17). 

UOUOVor, it to C) 1bifCd valuo of boo 	hor 
rather than thoir oo?ar; to irilivic1uu1 v'aluco thLt to of 

intorort* L ortuntLtoly, this c..cbinod valuo h0 (i.o0, 

hod I t or) agL)otrz to rcxxin fairly con3tcnt (LD), 

alth kh tho tr ivi iuui yr ri utionc of h,~, d Igor zero 

l rr,o. biu p2rortztion of t in; tho combinoi boat 

trcrnofor coifficiert (It), as conztent, outly 44QliP
tioa tho c:oiputationo of boat tronofor through h building 

o1ozc►to, L rrora duo to this abpror.itration uro found 

to be czatl (1t). 
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.Jith th c oisaplificatio- a tho bout lary 

condition at tho out do ucfaco rnj bo written as  

K ( 	) 	h0 (t 	t0 ) 	* 	(:12) 

t boro 	 (Ot \ 	_ 
aw ° 	qE S 

Varioua heat trunator prow cz that take 

p3.a o at the ,hoido urf co, are illuBtr'utcd in :'i.(2.1). 

.,t thi4 cr rf ►C3 the b01.it trunalor t:.koa , 1Q.CO to tic 

ins ido uir by convo tion and by radiativo oxchunGo two 

.l the ittorior suxfaeos rt 	o boat balunco e. u tion for 

an inside 5urfaco cn be ozpraza&cd an 

r hj0 (t1 . - tie) + 

vt a M Vy 	r4 x 

'Y~=1 	
«. * (133 

rhoro 
the bout tIoe through the wall. at the 
imido aurf`ico 

bj0 = cox woctivo boat trGnster cojfficiont 
at th.) inaido surfc co . 

t „ = inoido air tocporaturo. 

tie = inido eu faco t~n,orat o* 

a = cubv cript tf ii tij; 0.13 of the tmrfcoo 
OfC1Quif J a 

Y1 = nu ibcr of surtucoc torra.in„; tho eno10 ure. 
r- ''fl = overaU inturch-m io ftor for ta1iant 

onor~,,y exch~»n, a bat oor z u acoo s , 
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in the cco Of outci4o 	eoofticf _nt t  if  &L tho 
.into ido turf co, con otivo (hie ) n4 Z'U.iiLitiVO (h) 
hoot tr nctar co `tic i t tiro c bino into 	in 10 
to xi (hi) r. X sou o 2 con oLnt, tho ozpz'o:, sioan for the 
intort a, boundary oonittion i .y boc oo 

i 	i 1  — 'pia ) 

d 
hi 	(hie 	ip )  

rho rizJor z v nta;o of c. btr./in , the co ivoctIon na 
radiotion boat o c n3n.;,o Est the inaldo cu'tw_co, i L1i t 
the ovornil ar .r ictiw it toralki.sn o fc otoru ncI not b 
1notm1 Thin cuvo the '. iffiexity or f nlin- tho  
cooz2otric v'io ' fi.1.4"tor bit on t ": 	 .svthcr 
siG iticant cf3p1itic do ch iovc 1 b.r tbiu aE;sm.i*io: 
lay that the boat t'10 jth1 to t o rood ,dr % e in be 
con4dozc4 ciputo1y, without z cronca to V of or 
auz"t -00 f 

The ti 0 ► of non-auto , state boat f 10 
ppoblo ; ro kto1 to buildin can b broadly iiviZU 
into tho Lo io im th'co catQ 3OriOs : 

X07 

) ir cottieea bi ldin e - who tho ir.Ioor 



t it to scours L nsint3incl c;on: tent by 
artificial c- olln,; or 	tixi#;. Igor tin 
o aaa or b na n-o th3 rio to hoat t1 
throuh ai.1 tea co m arncrzt or tho fabric), 
d .o to oxtornz1 air to.apor4turo ann1 ooiur 
rz3.iution vrition,u.ro to be prQc1z oly 
oaic Lto4 

it) 

	

	r oo 4 ltionc 2 bui14tiat;o ith in u' 'iv font 
pI nt ca.?aoi t7 - atom th3 i , OO1 air 
tozo uturc J, vhich vur r to c cortuin o :font, 
aro to bo CL3. 31Qtod, 

iii) Un--c ndi i tionol boil, in; o vhcro th 	.lcu- 

1 vtio)) o. indoor air tc p raturo"- un1cr 
vuriouo 11citio conditlont3 to ho in 
objoctivo • 

nco thuo out. is c, c:rU itzi1o boundary 

oon itio c ro u-b.LiWwU for utiy I;iv'on situation 
tho oo .ution for tho a ourior hoat c:.°Uuction o cation 
can bo obtai ioi by oovoru]. o;ztab1i i ;;,x ooit ods such u 

uiytioi . (19,2 ), tumoricc l (23.,2J, :;iatriz (23, , 5), 
.. boiic Zalculus (3,27), Influcneo uni LJJihtinG 

functions ( ,2 ),a)) t   ;)ir oot ;.rgouoo (31 - 0? cad 
(tL4otronic iti4O,uo 	:)t ;ttt.2.) Cot ttor (41 - 4 ) 
otc . :4'ho roL st ivo cioiito of th3 vriou3 otho-1u 

on jo 'ed for c 1 1Qtin he"t ooiitc lion for tho 
lotora1nttor of co , in lo,44o for 1r con.it 4onol 
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b i1dia O, h ve bon disco: aced bar ; to noon (46). 

I. + 11 tho m 'tb 1s, co twin tiLtir  
csso ptior a uz'o ca far obtaining iolutiofl6 of tho 
practical doGiir irobio. Tho usual oro ira I 

L) ItIc€ i o s tbo1 the buiidin oto° nt to 

IL) `ho dirforonttcl oqw tio* do cribIn ; tho 
boat flow Iz linoar, ditch iQpitcv that the 
Tom'.-ic i grop rtioc of tho rzitoriaic (i6', P, 

and a) ru inaoi on iunt or t z orutu..-o. 
iti) !lout oz i n,co loonon cit the of tozmu1 

carto of a btit .tn ,, vloiont Cc n bo 
czprQ;►, a4 by Lin to ,..rotor (• o1 sir 
tcnp., ri *turo) • 

iv) ,`110 hot 	c .n 4'or by uonvuction - ca u1 r i4. 

Lion at tho iau&do u i outt tdo iurtacQ c n 
bo ro ro3cntcd by +. cobiod,  film nductáxio 

ul4ah Xoo not vcr j with tine tnd toporttw. 
v) The uboo i:ivity of thu o.tt ido rfuc. of 

thii1din >  ole nta, to i o] r rrllutioa iz 

VI) ilia ar „utio2 L of the of t ioorair  
iota 

 
an c l= rxx t;atiou int n; it y with tEO 

czQ idcntic;.,i on ouc ocotvo days. 



} 

iio ~t of tha zotb t3 ct' r ►tud ubovc wero 

dovolope l for c irtinu tho fabric coolie; 10 tdu # 

for cir co Itiottn,; purpocB. X10 evar, some of '.ho a 

uro oxterda,I for the unutLorod. buildint,s too* is 

pointed out ouriic r (Chaptor I) t ou h theca oothod 

provide solutionsfor ny cpe1fic situation with 
oo4 accuracy,$ the co ploxtt ' tw4 the effort involve) 

to to ;;.teat, that for noraltd do i; m problems of 
butidt s, far various climato ,, the.o booe boo 	 mbar 

unzaitabio+► +j tplo: t oa;, uti1izin nzium cunt 
of protabuitd, ther 1 characteristic data, ara to 
b evolved. 
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Z1octrici1 £'n 10 t o tochAtquoo for ttic 

ct r of t xw1cnt hout I io Frob1 s in l itfarant 
fio1d ro uai3.. out bi,i tho o AIthah t o tho :i1 
oio ctric an _0gr I ~ ol3 tea tho r Ain ur . y c ' 

m itho is 3 forciltion at hQat 11oi t ra jh a 

a ttortni with that of tho oloc ric cirzont flcri in 

t n loh -Aon itno 

a~ 	ax 

in pr .cU co tho miouo nQtt2orttn mr bo of diftoront 

aoz3 Cnoo (31, ,3G,4i). Th;) tri$n 4! oron bo oc)n 
tho o iior 	ciodo3 	tho zucont oro oontros 
rouni th chotco or tho time s c o, thich hr o a 
2iroot boaainL; on tho iizo of tho ozonont urri tho 
tiotholo of k,onoZct1na a 3 z'000rUin tho input and 
cat "tt tvo for=., 

Luauchlzi (31) Una à  otu (3) iho c o'tho 
poinoorc of tho &rant r a3OU 0 tthoi buvo u :cd 



'u31c Utio cu1a cad ntio1 tho thorn . tr . nziontc 
ovor 1oz j durtion3, of tho ortdor of sovoral rninutoo, 
ith orlinur,r alvon000tox'-G and pa antio: otric typo 

rocordoro o The major dibck in au ► t#x1©t tim " 

aniLoruoc is tho r €quiro c..t of 1,ar, o tto oonst nto 
hich ore obtu1nc by tho uoo or cap4:cttors of ;:ovor i1 

hundreth of itcrotox'ada and rc i tors ; it rovoral 
ioaab a. Coat of tbo; c: aoripononto of tba n.oco & r 

quality Is probibiUivo, tthUo 1oakcgo current projunb 
in t O tar; a + , : 	.itar, QcIOtitUtQ corivac baurCQ of 
error. 

DurnG . (43) hs . L4IQZn tbut for tho o tins, 

of poriodic ho"t £1oi 	blame ''fret tiro am lo; uo;s 

on to employod cwith 	nta ;o. 	rapttition froquancj 
of J c/o aD s.ucucj u117 u:a . by thou. Lator aui3on 
un1 X juio (33) 4o cribo a 4ovio, for tho ittUr a' 
tran3icntO of only a fou Qi11iacc on o dur&tion. ilobcrt -
con and Gross (34) huvo urn; rnuch fa :tar tiro anulotuoo 
with a tiro canproa ion or tho order or i06  11 coo of 

oloatriau1. to oqu1 to IO6  coo of thor u1) in Choir 
ti 4y of Piro rcvi: taco c1,. aetoriatia , o: bi1in,,; 

o1c 3ntss. ` 3 .fact tico ouaiin ; he tho advantuC.a of 
roquirin.j oircuitc of czi11or ti io conctuntc, pornit. 
tiia:; ') roby tho uco oP evpacitoz c and rooitoro of 
►m .1Gr v luc ant of o • hc 1oada ,o current problc2 
10 alzioGt ab3unt in thio cc Oz. L-ocurinm prOCI: ion 



cup ►citax.0 4.:u:l ruL.tor in tbo u 't n oti iL not Thor 
Uifficuit nor uzOfluiV. itoV Vor, the uco of fuet 
tiae ,moo Uo o al t for :corn ccriic :itxx oieQtroni : 
c1ovieoL for the ontwt1n 4ni r000arrinj of the 
s pcoi 	avu foz. ` i• • uxo of c thodo racy oDei110- 
; m.phs for 1 C CUri* ;; card rocrdinU- tho vivo forc ii t 

to o a 

 
CcriOn fonturo in r h etu.Jione 

Iu 3.i t rno atu icn, Cn of tricZ4l 3ifi l 

ropro onti.h,; th o zt i. o to crctura v .rittion with 
tico is to bo Go or ..to2. Zhio i Lono a1cotroni : L1;j 
in cov'o "'L4l vajs s .o:.- t :o3 un L Li'*L' e (3d) hcvo W,02 

a 9ot3to3L t dO 'u.Unotion j;onor Ator (D) v orQuo 

thrncn1 c p1a c a. 	.s: vu b s tn, dQvlQou (4) 
I. ut .ovi. o ito <Uo 1a zntion cnor tor4 c 	ni; 
uco in . alo►,u ► 	: ~a 	, o 	.: t:a ba ooti ltb 
thoo dix'e t n1oJao3. In thie ui a aut tii o 
Dc:Xo ( a t rc uen y of 1)0 a/c) is uocl . 11. brief 
to&a t tL of t o 3..n 1o„uo aotup n1 he uz?or ,a..;tt 3. 

procc .uro 	pto i jivon bolos. 

32 c 	q:  

.' buil ti:i,, O1Q nt, ":1ioi a tr :noiont thorLiL . 

a~.. x ctoric t i e s pro to by i tuaic , Is of on roorito2  
on tho :: octrlc,:l 4 nul*,vuo r oiol Lm a ..ouiskt n o 
Cup it nc;> luu a .t cc 	tire of u c3CIiO # 1, L 

71 not:or su. Thz c,:u . vz1tta of th olootriaU 
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resistance nc 	aeitnie of ouch suction of the 
network lump depanav an tho thorQul conductivity,, 
G?eeito bt, donsity Of tho ctezhiJ. n.1 tho thick-
ness of tho bul.:Wlnj ulomant, the thotco of tho 
m1in6 factor awJ tho nuithor of lumps used to ro 
pruertt tho olont. 

In order to muka tho r3.ouo rocnt 
tiot moro flexible, e thLit u.W zntoxL1 or combina-
tion or maturias (with thoir uui. ti3), 
can bar r;Qnt•31 	4l 	flotJDr, pnola of 

ni uapucit...naaz to provila ng otrod 
valuo of ,. and , 	to ba uonatructed. julTlciont 
nu4bor of 4.ue1z PinskL. ;-illould be vui1b10 in oIo' 
that au fl3U) 1i1 pr nLtin, of 1ono au 

thict ntox'ilu L fciib1u. or thL 3tQdy, 
tivo pne1a, och iittntj of fi3u ro.4ctor3 
porkr1ontly CQiLCt4 on propor i3U1Utin 3U))OrtD 
havine v1uoa 	10) ohms to I 	 cupaci- 
tora having vLauoL from 10 pe to 2,O)3 p1', wora 
oonatruotal* ?ho raJiotor rani c4.4pcoitorc worn ao 
ceriioctOJ that coiy dira1 roistc o botwoon 103 ohms 
to 2.1111 oo1u ai any c3ritor botwoon 10 p2 t 
(319110 J, can easilV be solectal in a short iio by  

iitb1e p1inij ci'ranoinont, 

It tho rc4uiral roictnco un ccpcitor 
v1uoa f..1L bo7onA thu r,,n~o jrojiaoJ by tho pcno1a, 
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either tli : rc4iir t .nc 	t.'r~li fuctur or the cit: n~o 

ac4].jn4 £ ctor riy bu tuitub3.y &1tortI uithou utx'4:tin, 
the Uuo L, .Alinr; r"ctor (rcqucncy) or th tiizi c"iin 

factor itau1t 1L17 be varied, Uui utoo atieu1i tfuc- 

,, both t zo roictcnc 	cap cit ~.ncc oa1in,, 1L.ctor.  .. 

.c o o with wi1th the u•:,1oction of the 

ro3ist.hnc3 c; pLcitLnco vUuoa, Lu one of the caliL:nt 
`#ut u.ro or t hu p. 83. L: ril s 'i1  :; ar'ruao-a--- un nc 

only l O i1 pist" {r O aJ LhR3 C:. L tztion o • MU o 4iuo zo 13 a:► on 

th 	nc1G, tut. J. a►c_-1,4 .t the Baca s .: a ,,iv i : a1 
to L;Uul.s'.tr+ a thojo r_..ne a 3trueturc.d  
3 iiZ ?1y by L.E ► ~U t ub1 Q hflj3 or da i tLL3 Lij ;::o,].! (i . u .1 
fro uoncy) . 

X 1 the r aistorc used umro of p ,;- jci:yian 
cracod c :rb n tip with 1 te1or n4:c i.Afll 1 mratt 
ratin . AU the cup~,xitor3 arc ?rociu,iozl ly; tarorna 
typo With 2 ;j t 1eranco. 

iJ.1 the in,.Aivi-lua1 rarictar ran:? c Ap"•:itarz► 
uor:) chr c'"O; for thcit ratoia v41uOu with a precizio*i 
G.'.# ty a lG50 ;; iupo& nou bri.1 bofvr, thoi  
3.ution in the pauo1. ; ; o Iront un . b act: via--,a c the 
punolu uro zho in in k Ir tua 3. ;.end 	re ,')3ctiv i1y* 

The arr:An ;cmint of the rou iutor3 r n.i op 
oitx'a in u 8inL10 ur-~1t iz  	rzutici1y utto i.ri in 
i'i 	(341). uli tbo ,r;j ,iu' 	cu 	in thin unit c.ro 
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prnunt1y co.,* ioctct in c oriou, tho&o rosi8 ` ccD 

botucci the p1u,,; ,o:! pinta are 4hortc ., The p1u ;ro i 
in torrinals at the cup ►,citor units, cQIQ in p .real 

i the total cap :citanco of tho circuit  will be 
ad itive, Finally at the cutZ,ut tors 3nals the roquiroA 

ro i otanco and capacitanco values arc obtu 1nod, 	an 
ozomplo, tho dottod lino 1 indicate thu czt ornai. pluGJ;. 

ing ccnncctcro to obtain rz vuluo of` € 2.3 i:i 10 oh 
ro3iGtuncc and 242D p.' ca ucitt° ca. In thin z"nnor any 

dooircd Vu uo of 'R' tend 'C' can oa t1' t .;oloc tc3 

from ouch unit quickly'. 

.t port tro thcao t rolvc units of lixoJ 

ras i torz, six unite at linear ton turn hulicuJ. potcn- 

ti+ oterr (io1ipoto) each of 103 	s rus totL.nca, uro 

a.co inata1io 1 on tho p no1a to roproeont Hsu .'ol;r ruuio-
tivvo circuit cloracnts litto turf co files roaictanuoe n2 

oneiood "L .r o con 

The relevant thorrc41 quQft tios of a buil-

ejin , olomont that are to b dotorriinoU arU convortoI 

into o;Luivalont cloctricul quantitios, (i► or~~3or to 
roprocont it on the 'Aoctrleal 4.nalo uo) arc its 

az i ra 	tanc cxni iiorcl cr ucity« 

The thor .1 ro.iet1.nc:r 	' ha t I% al 



capac~lt; ' i ' .'tit . o duperz l upon the t.b10 n-.--n (1) 

o" t1 	Q 'i 1 .ni t.:ø t iorl cDniti tivity (.k) 

pc; .tic boat ( ) 	en iti (P). 

co al ro iwt ce ; is Civon b7 L 
TherzL.1 c;.ap wity cr;, 	C;ivvn by L P o 

L = tbiclulo In 

tt1 X -U c,:#.Aju.,tjVj .t in :, tu/C.y.J (• .ri)(O+~ ) K 

P 4i3f,J ttf i 4"ab t? 

'x uo tho thermal ro:►iot,„noa tom: thermal 
capa i ti ,ry c -icuL4ta: from thz ro a; rtl.t & of the 
xiatori{.L, their c3rrar;porcf. i - oloot tc d ro~i:itLnco 

c ► cit co (h.L b .1otoroino with use o; ;-,uit btu 
0. ; , . ~; r~ctor •a- in-, fuctor3 uctu;. ly eorril tU 

tho Uiorz1 ; tcntittc to eloQtric l gtuutitta3. hi.6 
uro t1ttoo inio :asst scUl% taotorz, n oly s 

factor 
•I =..o$ o 	lit 	h9a4 

Unit or 	 i tho oloutric..1 Volt 

3) 	c ;:Q, ling,, £ .ctor 
Unit o  ti 3 in ther 4 	 w 3fr.. 
Unit ;ai tic o in oloctri :: l 	4400 
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3) 4x,j i:atcncu oc-.iin, ttor 

Unit of rc..i :tans, in thor 1 

Unit of J 0ALtu ce in aloatviea1 

oha 

Othor bcolin ; factor z, for cupacit nco raz ,d current 
uro in ;enrol tot tith tho above thr. o .in oponclent 
tuotorso The proiu.,:t or rosizt n o and cp citancc 
is cr 1ioi iiuc rztnt of the circuit unc3 ii o:I 
di a c sio. 3 of Lim « L3n thj ro .ution t .t ocn tho 

tiro zccr in ; fcec or u.'t11 th r,c.,i rytunci "al w ►pitrtco  
e 1Luc; tuctGrG 1: given by  

0 
winilar37 tho rai; Lion botwoon the Flux cc41in f"ctor 

an the potential  poteziticil irzi rcJictanc3 ;c .in, i'.ctoru is 
givon by 

i 

In the prO2e tt study z thcrr 1 c1cio of 
hour prioi h.:s h-an ropro: ontcd by as ciciirivul 

C3norator with a .froquoncy of .Q;) c/s. This Livo as 
ttn3 clin;; Luctor of 3j 24J) see of electrical tin e 
i.e., ono hour of tharmal time corrcaj:o: :: to factor 
;a: of ./2)) of cic,striu ki time. By th3 a tip 

co pro cion of 3. x 106  Is obtained. 
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Once the tirta acaiinc factor boo boon fizod 

thor Is a choice in ftxiA,; either the cap acitanoo or 

the ro:,ist co cc it 4 cto r. The cpaitnco 

iciing tuctor was ciocon as ix; =1.O so that 1 i3tu/°F 

corresponio4 to 100)0 p `. This automatically fi,zed 
the røictcnce C3C~slinZ .factor uu r• = 41.6(3 x 103 ioo. t 

one unit of tboia1 racistanco corm pon10 to 41.G3:.1a3 

o f.. 

Uz ini; t houo scu1in foctorz the total 
oauivolont oloctrical ro:4otar►co an. cup"city of the 
buildin u3.o ont to bo roprosento1 on the Ino1o„ue 
oleo uro c~.cti + obtLired. j canttcnoA earlier, to 

ro ro4sn.t the bu.t] i , coriponont accurately en the 
uloLu.4 ►s u lu3pad ;i. . notwor s, the nuubor of lucpt2 

,00e: Cary hcvo to be t notn. This problem of lum sin 
14 dealt In Chc for (4) In detail. Lot uc oup9oco 
th;4t it i required to use 1111 lumps of 'i' circuit 
oloeacutn. The roci trnco valuo of each arm of the 'T' 
network will b3 equal to I/2 i and the shunt capacity xco 
istl be equal to C/1. T taco valuoo or iL/ i and C/U ' are 
to be aolcetc i from each unit in thu nannor do:zuribod 
ouriioi r N AD 	o=nplo of tho tannr in which "n 

oloctricul coclol say be aon tructod = a brick wall, 0 
thick, tc conniriorcd beiojr. It iu t.e;.-ur oa that the 



ic2v1 io to havo 8 ioctionn of ' :l l type  casc dod 
circuit. This i t obo''n in ia. (3.2). ¶ho thorm 
pi opurtto n of tho brickwe U aons i.1arod Uro I - 

hotctiuity i 	6.3 , tu/ `t , r/ n  Pei' inch* 
' 43i iC boutt 'so 

m)city 	To  
0.233 3tu/Lb/°' 

ft 120 Lb eu• -t 
; * tot4 . t arr .1 raz tanco of th waU (t,,►) 

1. 	°. ) +CI: 	) /Dtu.w 
6.3 

n rail .ro .ist: co pci' lu p (n/ U) 	'`4 = 0.1735 

eh , x1 ra .iL t 41e or c 	L4 € or tiO 'I T' circuit 

'LL tot;.. tI orr c ]. ar; 	it;  
12 

ia 
:'3r 3 capacity par lumpc (C/i) --- ̀  	2.2& IJtu, °°, 

h3 el.octrtc 1 o tv 1cnt . ru o ino1 

.0.03 	z 41.6 z 103  ohms 

= 2.25 z 10 =22.5. z 10 

Tho3o can bo o oily' ropr000rito on the p ne3. . Than 

the ocuiwiont touiatannoo vnl.uea or the ortorior o.nd 

lntorior vall curtuc hoot trunzfar caot'ttcionto iro 

to bo c oulatea unit a 1.od on either r iio of the 1uzxd 

; .0 n. t «s ,► This co3ato the rorantLtion of the 

n11 p of wit ; it ` undar;j + an .ition on the c c oj;ue. 
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The next requirement La to ;onora.te an 
eloctrical &roil to strtic to (a) the oxtorni air 

teperturo variation, (b) the zoiar ru ti utiorz, ant 
(a) the low tonporuturc r 4i.ution exc hun., o at the 

cxtorn l furfaco o i cice i (1) h . Xntra&&uoor.1 the 
concoct of ro1-a1r ta3norrrturo, 4hCh CO71btflOG r ,ll 
th© cborro hci o ions into r nin ?o tc rt~turo v riu•. 
tton4 `1 is u siroac i has t1;o adv3ntae of requiring 

.y ono totorltiQl cc:icrotor i.'ztocd of three cop,-rata 
ands ropro5ontir ouch or tho o three x%eaozionzi; The 
&;o1- it tem raroture do nc1 on n. ny tuctor,  * .such us# 
ictitude, tthe of tho your$, oriontatio of the cutfuco, 
surfuco colour s wine upoocl, outdoor ai pct rrutur ,, 
du~a L c itent ,uns proel itublo Juter era'our went in 
ti o Ltmoz1 haru otc 	, .l thoaco quantities ure either 
~.vailcble £ rc i ctoroolo; loin data or oan be c , uted 
to L► fair 1otr )o of accarcy. The l--3z' t4wa~ raturo 
v: ri.tion 'tyitb tine is thou corziputc.i for un r tver► 
c ituutioi . °n cioctrical wave form ro pro ontin,e the 
.. of it tomporuture is to be ;,cncrutc d. ;.s cient ione1 
c...rlior, cued U function ,"Oncretors which do: n . 
ac: ,aiicatci, o .ectronic o uipnt are to be o!)iore1 for 
this pu.rIjoao. 



2 30 a 

3.6 
 Steady State Sinusoidal 	hoci 

An alternative approach is to analyse the 

sol.-air temperature wave form and represent as a 

fourier trigonometric series of harmonic waves of 
different amplitudes and phases, super imposed over 

a steady level.  

tsa (T) = tsa (mean) + T. tsa Ti CPA ~~►'~'- Yr ) 
'Y1 x0 

For all practical purposes, three or four harmonics 

are sufficient for a good representation of any periodic 

wave form. This approach makes the problem of input 
signal generation very simple. Any stable commercially 

available Audio Oscillator which can generate 100 c/s 

to 1000 c/s will do the job. This obviously eliminates 

the need for complicated expensive equipment. The 

amplitude decrement ( 7' ) and phase lag ( 9 ) charac-
teristics of the network model for the fundamental and 

three or more higher harmonics have to be determined 

once only. Then the inside surface temperature equation 

can readily be obtained as 

Co 
tis ('r) = tis (mean) + = '7 tsa n Cos ( ,~T=Y,,- „ ) 

v D '" 

Another major advantage of this approach 

is apparent. The amplitude decrement and phase lag 



1 01 x 

characteristics of a given -C network depend only on 

the frequonoy but not on the amplitudo of tho input 

uuve form. fence, the Inside surfucc temperature 
variation untdor any extornal climatic conditions can 
easily be obtained once 	and () are dctoriinod. 

is to possible bas u€zo even though the sol»air 
temperature profile is influonco3 by the vt riutio s of 
external climitio Victors, Which in turn dopond upon 
latitude, ti .o of the ;-oar, oriontt:tion ate.), it can 
still be roproscnt^.2 bj tbo 	urior &orio:., zwith 
vari"tior.s only in . pl~.tu:ie and i ital phaau un;l3s 
to tc~.d, vhon the col- .ir time to rporature v4ri"tions 
are improz od, to thu modal 4iroti :li, in ito couplet 
form, o; for ox xalo by . photform function generator, 
the output wave fora will be true only for that conli-
tion. fence, for o.tc,h varim:tion in the clim atic fzActor, 
und the conoo.iuont v.tri;..tion in sol-air tomporature, a 
now unvo form chou3.d bo L+wner..ted sand thu output wavo 
form rc cot 1c:a . This me.ko3 the tcria1. boht~viour and 
the climatic ft.3otoz S inoopsr ablo. Ln3ther dlo i{ v4ntL60 
with this s othoi i.. that for moa urin& the amplitude 
variations z.ni phuwo l,.j c rLctarlotic of gush complox 

w.vc forma, czthoio r",r o..cillorr. this r1.cordin,; hw to 
be o aployrod. This 3,.~tho3 of rcor.iin .,ril? not jioLi 

uccuruto zeJuruient.. 

?or a inu: oidal o..;citutior,  , thoro i. no need 
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to rccorI the vo torm3, ;Anco for 1inor rtotortw 

tith auth oxcitation, tho roiponrn will. 	 o bo jinix. 
toLda1 vith a lQ3oor amplitulo an 	pso shift ,& 
Uonao, only tho LopjltuJo of tho ot*t.ut vave fora un1 
tho phaDc shift &troucoc1 by tho networiz bc1vo to bo 
ioturoi. Prc 3UZ'CntQ of &1itudo mq 1x 

xto with tnopcnivo o4u1Ix23nt, liko u Vcuutubo 
VQ1trotor. 4ccurito phaco shift o uocnt81  ho3vor, 
noo.1 spoalal co.Qihorat1on, 

In tho 1t)tt of bovo dvntce, tho 3toadj 

atcto oiniaoidci1 totha hoc; boon copto1 In th3c 
otu2toa. Tho only Zrwjbacft of tMo zpro.ch iz that it 
invvoo L4 ltttlo oxtra muthonaticG1 opoz'atioi in curry-
in out tho Pourkior cmalysis of tho ol-air toporuturo 
*13V0 forQ* floiovor, tho advvinturon or thlu nothod over 
totb this 4rawbacks  

Li flot3.ot i'ucard. (lip) typo 2D1 C i4udlo 

t)cclUator cvin a trouoncy cno of 1)0 c/u to 

10 a/o hao boor& uOi i en input ttgnl aouroo. ho 
1U21iLQfltU1 frcquoncy U$Q1 to ])O o/ue Tho frojionoy 

c1tbrtiori ni Ltability of tho ozcIilLtoD VL3 CIO01 

aa nt u prøo1cio 13octronic ,frquoncy counter, 

(!]L typo SM 13) titcb cn ro1 upto ).L oh. T110 

ociUator mac foual to bo AAChly sCiblo, the frequcaT 

EiW 
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44ift ua o il.j of tZQ orioX of a o,tQlo 0VOD a proton of 

rto1 at u vo l hourv. It iau u) o fours, that tho 
voltaz o output r .u10 cons Cant over lone p rio and 
bald u f .at robponDo a ithin thi full fruquoncy rr ,o. 
The output ttpodwico of tho oscillator tt w quito lo't 
(G`)4 obr ) and honco the volta o output uce not atfooto: 
to wij oiUficant Q=tOnt by thQ ntt,ork« 

3.9 ,. 

Tho c.aplitui.o (pot topt) of tho vo3.to;oa 

of the tout 	outyat t V3 forro of th rwttxorxo . ory 
r o uroa bt an 	cnior oltoIariyat vacuum tube 
vat=-tar type ,;, o :s t C:) f.. Th tc ` * c * . ', . b.eI1 an input 
iope1 co of 0.33 i+oto io cbunbc2 by 70 pa for .C. 
coa urc mtr . TbouCh thic 1s a bih ingut in .Aanco 

co .purcu to tho port o.& the .not}pork , ot tL tian3, in 
co tcin qc os p oJpo -lly ibi10 , tuayin the i ulutin ; 
ms to ia.t , the niiAuor output puncois zoro of t 
prior a fou bundro kilo ohm hon the loin of the 

not'rorh by the oeaeurine actor boc:= noticeable. To 

prevent tbio lodirijj offoot a c tbodo foilo or unit to 

de iVnod J oeloVd ww A 1ot 1JpQckz1Co a at inG unit. 
Thie unit brio an in rat tepoa nco of groator than 60 to~~ 
pro an the output iQpcdcno of GOO ono. ThÔ outht do 

fo110 or will h. vo aln of Loco than unity an for this 

unit it vao tun . to bo O.9$ and wars very tublo In 
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oporation. In orau to ;;Ot tho Corr ,at out'rit of do 

note rh, tI actual. m4surc4 	]ituzlo ut tb, ojthoao 
foUo oar torminta1a iz, to bo u1tip1iot by n factor 
(io/9) * 	c aaplitudo dccrozont factor ('7\ ) is 

QJfino 3 a Ztio of tho output to input un litulo 4 

:x tho attouuation of tho ;11 10 for son'o not ' rt 
3tni o0pociaLty for hl., cr hLzao niofl io -urricicntly 
hi , It un input voitu;zo of unit n1itudo it1 voi to 
tho notuort tho o t peat may bo or tho or+;or of fc 
Qi11ivolt1. `'ho 10}.o 't va1trn o that on bo +ad in tho 

v; c 0.1 V (poz to pout) . 	cnco, in ;lotor 
ainin tho uziitudo .1oc~wonvnt fr,  ctorrj , ..n .in ut 1t 
tulo of GO V (pau'z to £oak) mas rap lio-2 und t i output 

plitLto;,i arc 	J i' ui' .i..i thQ 'i ot+r r blo r a a* t j 
C ividin0A tho outjzxt voltu, yo (c for orroctini; for the 
Cathado tot 10 or) by th'i injjr4t volt o (v() 17) tho ;i pnli 

tw!o doarozont factor in obt rood o 

Incpito of 'Gbtc wocu uro, in 4 fca 000 

tho output tinz fount to bo baio r 0.t V. ror ; uch  
mcac o. ont 4 co riorci .2t uvQilnblo, .oct'onio i .1i. 
voltt otor rat 	 p upto 0.1 zv t as ut od tttor culibr.,tioi. 

3. 0r~wt s m a 	is 

£ ccurAto t3LX3UZOt1Ont of hhn: o lu4 w,n ,1oo 

po o 	t probion. Co . orctaii y rn $o cq ipiont wuro not 
roac%ily a vnilubt.o. initially it was c oa urod on u 



double 3oa n o3ail l os3copo. ,olartron typo "J"I 711 , # by 

Qt altsnoously displayin- tho input anU output wave 
forts cavJ the phzzu ;shift r as noted on thu ca1ib•_•:»tod 
oxpon of tiro b .co. Thouih this notho1 enabled one to 
n1zk3 quantitativo o2azuroriont, the accuracy v4s not 
high, c pocially for a11 phuoo uhift3, ho other 
di*advz,ntao was that the zaoasurin ; procothura vaz time  
cot' :;f1mit'S ; and 'te:1ious. 

To tr cilit-ato 	so mor UUTQ oats, a dir.oct 
reaJ.in , Ludio phasomoter v;: s deal, aee and Lab 	ted. 

a io instrument ro d i with ari accuracj of±109 throu,ho .t 

the iu io frequency range # over a wide rsno or input 
aaplitu-:oe ').3 to 1)') 1  ' o.r-A irro:a ctivo of the r u, 10 

tcnl fre uonc; un :or : oaauroorut. t'hato ;rudh& of the 
ph.isu n3 for are shown in p toz 3 rani 4. 

.10 	., , j g:tn_eQi x 

Various3 toebnicjzea havo boon $OVOlopOd for 
thu ha.eo anlo ooas*urom nts of ?oriodic ziGnals. 'T%oo 
employed cathodo ray tube r thod (80), vector addition 
of voltaoO ($1) and null methods (62). Uit taozo 
tccthniquoa luck in procioioa Ln;l are not capable of 

suri  phase [1OQ directly in dorroos • In zomo 
notho:;s the a : litudo of the two ui ;na1 oust be male 
equal sand the c,.1ibrution is froquone,-cvnoitivo. 
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Uno or tbo x oro oinj 1.otho2i htvo loon 

curzj. by liroct row:linu baocMotor:s (53, 	). 
'iho ba:~tc ')rinci;plo of this typo of ph:~ o motor is 
,,on:: in ; thl tiini 	I if tr a:- u roL. tivo tirio aaic y 
bottioon tlz 	 orcin.,tt of tho roforoi-o and 
~ :►gin •tolt,yc i .2z Vo tors o . 

aio 2i oat pb4►ifi.J Qo4riJui in to .irnlgKo6 4jan'M 

saic t of tva Of or: trans n ol4 convor; ion of inrit tino 

w vcw int> ,4u"ro w roi., prc : orvin t.hoir t& 'u of 
era-r iu croin , nJ uwl oloctrinic :IUViUo -1 oc3 
inlic:.ticnc are li:io:,r functions of ;pro cro i.z-ti 

iatorcyLl3. Chou h tirz ri of 1 	to b 	1.i;s ,c , 
c )io :itici of circuitt Ioai n r c orteountor.-1 In ziLin. 

 ..or. - 	o 4 ro.., in _o of iut . n oat - *ut 
tt-rouuh ?it ;.Yz_: Ira rc uuein,; the in ,ruL: ,.atal urror4. 
rho b1 c: 	of tlio thic moor 1c bb.)tm In V.i . (3 *J 1. 

¶he inztrucont oonsintc of t ^a idoriticr l 

ohannz3lO. Tho firut JtuCo of ouch c t:m c1 i u othoc10 
fount or  ith a bLt input it po: r-noo (about 70 mono S ) 
and pr ovzntu tho to 3i in of the ott r:,: i.4or tu Iy. 

A'hc out-,+it of tho antho2o foilovor ii 1ip?ol sym..:A i. 

c ily .mot 1. ti volt: bo foro it i:J fo. t; tb 	r i:' of tho 
not t ~~ .~1 ;;c th a 1iftcr, ;ei_.nai r;nplitulosa vhoo poa~ 
VLIUO e;.ouc:hi 1.0 volts ar clippo OfT at this Juvol, 

uh .ie ca4allcr ciry l ticro cli;a.xo2 in tho oubDwcuont 

;:ta c t of tho &plificr. 01tb the all or un 4ttenu€ator, 
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PLATE 5 
Input to the two channels 
(excitation & response of 
the R.C. Network) 

PLATE 6 
Symmetrical Squarewave 
output of the two 
channels. 

PLATE 7 
Bistable output 
corresponding to the 
phase difference 
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again restoring (the conduction to A) the initial 

conditions and maintains it for a time interval T3 * 

The action is repetitive. It is obvious that greater 
the phase lag between the reference and the test 
signals, the larger is the fraction of a cycle for 
which B conducts and hence will be higher in the D.C. 
average indicated by the microarnnoter put in series 
with its anode. The phase difference is directly 
proportional to the friction T1 CTl + T2) and hence 
to the average current through the anode circuit of B. 

A typical bistable output with phase d©layed sinuls 
is shown in plate 7. 

Phase angle 
of 

q~ c 

(T1 + T2) 

T1 0 lb 
T1 + T2 

whore c is a constant and Tb is the average current 
through the anode circuit of B indicated by the motor. 
The meter dial is calibrated directly in terms of 

phase angle; (degrees) linearly. The phase angles from 

0-360° decrees in six ranges 0-45°, 0.90°, 0-180°, 
180-..225°: 180.2700 and 180.-360 were obtained with 
suitable shunts to the microammeter. 

The phase inverter Incorporated in channel 1 
was used to produce 1800 phase shift. This arrangement 
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enbloL =sasu Q Qn;; of pbUZO an1os bojoni 1030 

(1X)..3630) by tranapozina them Into the lower ran o& 

bn ones without fora of coasurin;; accuracy. ` ho 
8iroutt d1, grc,r of t ce pha mmoto? is chc'n in " IC;. (3.&). 

+J1t1a thiG Jpoci,uUy uoc tcncd . ufio gh,~4zo 
tai tar,, th a,, obJ.o a or c acuru c 	r toririn:ition c z:: p io 
T..a; glu 	bccn -tin plifio1 2o 1iaorubly Lni boin ; a 
uire~c.t 4.o$in , t,J , t 	uo . uran..-nt3 tr,,)ri:do 	i- 
bl©, 	re.i to t O CLt:A,O i i ray o i1io r., jbic iot od . 

The coaplota oxsria3ntu]. zotup ,nor tie 
detar iinkAtion of tI o cL l --7: te, funtiona of Willi 

oleuar~to by the :plc ctr w l a,alo uc att o l 	w in 
p1,.:to S r,;n,1 illu+ l;ratgl by %hG 	e& al"Cr 	£'1.(3.6). 
% Itb this setup it i. pozoalb1u :.O L -au] 	; t7 Of  
buiL in.l, c po .wnt, wall, roof or 'lair , etc . kux o- 
neauW or CO j)Q; i*n (m%xlti 	73r), ,Yi-:h litl.a t; '±'o pt. 
hi8 y te iz 	 t bl for t o ctul y of 

tho ofCQot or v.~rioui r : Jt J, ctt4l1y the 
influoncu vl' .cur LAoo Lo 	t • ~;~f ac as f 'j..ntz on tbo 
ovQr4ll tbora.i. ", Aivariour uner rioUic bout t10 i 
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4 z  p' . - Y r.. 

1z i c  

4.l 	_Intz 'u21 243 

Th J .hoot f'lo*s hroujh a bcriy it; analooua 
to the curr& nt the - i throw;., a non- ,n.uctiv3 t:w r, 
i1 :ion line frith .! .,tributa3 	 ni c1. 
taace:, . To ro* ra nt ca ! uildir , .;l xnt in tho 
ala--trio,>1 ao.2al b; : tranjui~asion lino of ow.-on bba 
ba ; th i 	i .' is ilt. .I: nco) in tho ztul; of the 
pro' 1Q: w t4 I eat tr. i$ rr h-~oaj,h buildin;, aloti,, 
apr3zL..to rara, ont :tiona by lo=ped circuiti zzo 
tjrai• A*athemuttoilly a .uo .1 ;" i the :oo tuot;nt ti-a 
or a pz rti tl 1tffercntii.- uatio: by un ap-)ro i-ato 
finite ;1iffc onea a ;u :tion. 'ho babviour of tho  
lurape: c ircui 	 A'V . 	d tho diu 1-' i uto I z yz t  

tbo 	bor of lu.ip3 	 inQrizAoc:i i ... :.T'./ Y iJ Jr t ,.1ro uro 

tcin prtica7. limitations ilu t10 the cn1no ant 
«Iu .:.itia uia 	s:h3 :. a %.,:;triQt th nuibor of luzi 
u;,a.1 iii the not'. or :. .. the ='i r :t :rob1c 3 iu t:, 'otar-
nino the ou)tie"u-.n !iuxr jf` lu a:, r ,a,ir c:1 to ro ~ttcunt 
Q t 3cr 2 ayctar for c~bt"ln n,., r 	b1y acur"-to 
ro3ults ,Ilia orr3r1 intro luco r u,: t lug yin,, depend 
on ^,.f.7 ; ct3 	ch -- thiw.o. z ..in1 )rop)rtic3 of the 

:;gy o4" lu rwjc i c:irc: it (T, "► or TI n ~tuor w) 0 
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awber of 1tt ip3 u:,a:', bona y conlitionot zurfaca 

filw ro:; ivtunaau, tr~:tucnc of tho input v :vo form 
and Zhu 1o.:s tion ' tho point of inturo.t in the 

ne tvor -v 

o Vur l it Ws i j;otorc havo t%li.od this 
problem t dor i•poeii iaJ bounAury c4 .. ition . Pascl iu 
r nd. 1ii; lur ( 5) have inv,: ttc, tho in;4ccuracio i 
o it ju . :ircu1GU at Ui.f~C ront Jo tha "n•i ti 
intory"1& uolnb +4 Lto.a ;,Cu lotio ozcitatiun 	'he 
influence of f.t 1. re:ii3t__ncou on tho ;;Erroro ::ire iwo 
ctuiicj. In their ritu.iie.-,, 13 .iu.:ias iuro twsen to be 
the aquivUent of tho i i:~ tr ib.~+:.er.► vAuo . 4I_u valtr • o 
v riLtlorts (' hieh eorro::,jozi to .h- to i,tcr..turo rio) 
with time: :.~t thJ junctionpo2.*~ts . i` the v:.riou., 1u~)j3 
circuit ole _at , were c : p: ro , ith thoo of the 12 
1uu;, vu u ♦ tThiir r u1..., in12u. to . that (1.) five 
1ump3 c ve zuffic1 nt ac:c~x'ctc; ez.ept for rot ! ivo1y 

ema11 vu1ua of tf. . (ratio of tli time at 

woura: gnt e'e t4-kon to the tia, con: t..nt of the 

circuit), (ii) for hl ) r -,ti.o:. of the, f'ilr r,: ;i: t 	 o 
to the circuit riotc noo tho nw bor of Zuapi i ci h.1 

no ::innificu t 1u 'lueaco, (iii) inoi10 film m ronl3t,.n a 
hc&1 	:Uer 3x2 ,u 	 o t .i ;,,, ',he u4turlI . fflu 	it.j1cu~ 
t ri i (iv) 1u a,,e i vircuXt ropyi suat tion of tbu bui111n, 

eluizwnt without b<* ino1u:.:i4M of film r iitLa%cth., iou 

p . of :nt - iciui urrorc .. I.ctweoa € n 1 *;Q ;-uiro (33) have 



shot-in that for a semi infinite slab$  with a stop 

function excitation, tho rosponsos are identical 
after the first section for T, L and 7T ections. 
Klein, et.al. ( ) have analysed the distribution 
errors in a finite bar, subjected to a stop function 
excitation at one end, the other maintained at con-
stant potential. They havo found that the errors, at 
the centre of the bar have shown a high positive 
departure during the early part of the transient and 
reduced to negative errors - 6 per cont for 5 lumps 
and - 2 per cent for 11 luaus. Clarke (57) has ana-
lysod the error in ► finite bar reprozentod by diffe-
rent number of L soctions one end of which is supplied w 
with a contunt heat flux, the other end being per-
fectly insulated. It s as found that tho deviation of 
the lumped systcrn bohviour from that of the distri-
buted one, at the in ulatod ofd of the bar was always 
positive but docroas--d with time. Friedran (58) has 
estimated an upper limit of the error between the 
exact solution and its lumpo parameter analogue for 
the case examine-d by xUoin ot.al. The solution for 
the lumped system of IT' sections was ivon by 
Jaeger (59) and the exact analytical solution was 
provided by Carslaw and Jae, or (60) . The errors were 
greatest at the first section and decreased rapidly 
for points farther off from the source. Robertson and 
Gross (34) have compared the percentage errors for open 



-ail .hart -:irc►it ter;.ain,.tifl s for ate.,,) fun tioA 

4acuitatiO 1a ij conu1uia:. that ..he eh4n ;eu in tl a 
cirt:uit turiinz1t1on pia not ra:.vlt in uppre t blo 
c ►a: ). in the urrore within tho 1tm i circuit 

:act of tho abovo . vij. iVatOr3 114v0 
cca i1arc" tho trunsint r pc cc for to fur.ction 
w.uitutiaf. I{o :ovor, u;► riontiono;i a.~r1iQr, the 
aztermAl boon ury )r tticm; for a but.i in o1oont  

a i ba repro&antod by the ol.air tacratu.ra which 
nt1 be orproo a 2 v&th Luf'. ieiont uccur c; 	,urier 
:s ric; e ith thro or tour ht ,trt oniv cc s ,ion it . lLnue p 
it LL uf'tifion t* .:Qnai W • h O lu apitai; ta..xo: 3 for 
h funlu-a tat zn3 tu4 or tbrou hiLhur Ii,xair h Anu- 
+ 9. u1 inputs. Joust nin,; of 1u a e u circuits ror a 

:Ii ,t. fra4uency r n c 10 w to .la.ur nuuber of 
wc~:tic~ ,w than ur.: noodu .', fc.• a (;r4nuicnt a-u- ao a for 

utoo function. Lurie: ('3) h 	 that 
tivioit }i or a co only uvo . wall or roof lcnunt Into 

3 or 4 jcticr ; ucuid bi a jutficicnt r»,proxira~►tion 
to th trua analoCy. 

;1aeon (Gl) pror cntal an uppro ia~to o .hoc1 
of yoltin - tho nub  or of luitm , b . ic: on filter not  

Li to' 	U.f thy: uuivu lcn th of the 
tea,)jrr tuar:i v: v : throu,;M tho r:au.iu. IIa bt i Shawn that 
if thu 1cnth of .:v,c i lu-ipai ►uc•.ion 'Li' i S/ 3, the 
ur.'o ,,;. - .Jul.. b 	f'S. hi.l 5 ?or cjnt of tho i«:tr .butcz 



Mi:+piw' • ti" *. t V~ + }Q A.2 L 1 . s Lo (3 	 L lk 6io  

aoobth ;uavo 1dnit a ragro Font ttaa to t1 o iio1io 

boat 	cUonroh bUi14i% j alc i nto zn:,i VO 

n or oioa bott ooa the i iai oza of tho 
ropoEmtin txah iu a'n4 tho tkicr&s1  

' 404 Ly off` to n to:ia . ( c ), a4 tho frogw-mo 
of Cho 1tbOZZ1 OYQIO (1) 'o 

. (02) had pointod out that tho abovo 

crit .czn may bo a ofuI for b 	O!O3tl3z t cturco , 

bust 4o trot hold go cd for co ooito Qo f do , 
Thor b. vv'; alclo Ghown that tlio trcotton of uavo 1 ;~  

taciircor rario t bottom V23 to V13 

at)na+ rt tjoa tko c=r in which a ivcn 
c torlu1. 	1,ocatcJ in oiutXon to othor ark1i9 

£flf1UQD$U tho r► O of lump to 	uCC ZOr Q1) Uifl:tflij 

c► a oit;o4 coo 	 . 	o 	sac c L tti.J z (3) 

a.t?O of 	Xrcd to t oorotical t ,uonc t ro 3panot of 
diiotrl~O t 4 	1,uzoI not o Z o o 1orin, Xi :i 
tt0thodaj Thor hcvo attc ptod to pz'o cnt a r tlaaal 
c the d,, s dv iCnlna a ivo ac ou ao p oci.vo notu s a 

to x'oprOsXAt 10 ocoaoou,a ii.abo, to my doiizc1 ao jco 

• of c ao1. Itcc.ant1 + urro 	c i u ' (0 4) ba a 
l 

&ivodcxtziz cuationo for o t l=t 9.aj tho  
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Orrora of on parcinotor. 

This dotorc,inoUoa of orrorci intro.1ucod duo 

to lump n roquiroci a co ►pariGion or the notwor 
oo1utio i uith an ozoot an3rtici solutionn for tho 

4tctributo4 oyatca. Tho analytical colution io a 
difficult one particularlypartite 	for compooito conotruction. 
Inotoad i)z 1 o of *al. (62) bavo c1optod an orpQrinont3l 

pr0001uro in Which the auüboz of lumpo are tncrcaacd 
to an ortont, tthoro furtb3r inoroaco of lu pt t ooc not 

cinitiount1r altos tho tr.mufor funotiow. 

"h ►~i a ;food doot of thoorotical aci uo l 

an c poriiont al otuJioo soro oarrto3 out on this 
problon of lunpinc, no aofinito , cncr iiaationa ro rrc2-. 

ine tho ohoiao of tLo n burs of l pa baucd on tho  
at,jo2so or tho t1 orml proportioc (!to~.i.ta.nco 

Capacitanco) ore avallablo * Iionao t a m7ctoaati.o 
study of tho offoot of vorioto p 	toro on tho 1 p. 

In orrora t ac o rioc2 out theorotiaculy (t otrix otbod ) 
ozporixxnta1ly. Tho total orrorsin anJouo ctu2ioo 

aro, 4uo to luQpin 3, cociponont tolorancoci on iaonuurom 
zonto# In order to ciopa.rato tho tunpIn8 orrors 'rorn 

other orroro, thoorotical calculation of lunging orr'or i 

have to bo coda. ''bo proco. uro followod hero aao to 

calculate the tz rotor functions for both the diat.ri» 
butod anti 1wpzd circuit roproesantattona, Gtartint with 
one lump and incroaoing to 10 luipot for different 



r 
u • _4J it 

thormal timo conutantG (iC) rrrn in frcz 0.5 to 204 

c 8 than to 000po C it r o1ulii, 	ru r~ts, 

Tho t .oiin capoofo ►oa o includod in 
tho xtudy sw 

1* :4olootion of tho typo of not orlt (x o L or T► ) 

Coflt C ationp for obtnininj3 a opootficit 

accurn with Qinirw nu bor of 000tioro. 

2. Doter mf atS.o t of t3z, variation of porcon- 

t ,o orrors In Irano or function (Cii3iitulo 

c1oorczicnt nd ph so lost) as a funotian of 
the t t raai tioo conct tc (NC) zi the 

nunbor of l p3, for the be t t4lpo of not 
t,oZ2 (obtalnoa from tho ro u1tz of (1) .  

3. I valuAt .on of tho influence or filo rocio-
t mco : on tho 1 ,;inZ orz orc of tr;annfor 

ctlo*w.  0 
4. ' DotarQ24nuUon at the affect of input 

frequency an the ]unpin, orroro. 

To dotor wino ut ioh t ,po of nott orI (T$ t 

or 1T) tAl l yield boot ro euit c with to cor nuQbor of 
1.uzpz for cny bziildtn3 olozont of a CLVOf thOr 1 

tic con3tOflt M), the trnr3io3ton nctz,ic.ot to 

.V' dLnd 1ictributod s 1eto ttcro coputo1 end 

Cap" c . 
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For a luapod circuit of $ I14 nottroit 

of onto , tho ovo '&11 tsancfor r.intriz is obtainod by 
auutx'iz rnuitip1tction of 'tho trannfoz atriz of oaoh 

1w p 'P ticon • Tho ovor ,i trancrLianion catricos 

for .. 09 4, Gt 39 and 10 lumps# for all tho throo 

nttro 't oonfi(,urationo tiro calculatod. Tho calcu. 

latci 1umpcd catriz oacaontn aro for it . vc3.uon r nr;.. 
in3 frog 0«1 to 2O cn l tho dintribtttcG. rLtriit o10-
Qcato co 9,r c3 cd in ippcnsi iz (I). Thin d utta will 
c cib10 a c uic'l o0ti tion of Cho 1upin arroyo, in 

tho dotoxQinc tion of tho curfaco tcciporcturon, boat 
flwron cin the thorix1 oyytc functiono. 

For cuxfaco to nurfaco t?anOnic Oion vita► 

opon circuit toxninatiou (conni torin; the sictoriul 
t.onc tritboi.t ourfuco boat trunnfor coofficioots the 

trufLfor function io civon b r the rocipwooul of trio 
clociont I1 ' of the t 	nr.toriton ocitrti i.e.,  

Nora A in a comploz nunbor. In ardor to ontiaat+ 
the lucipiag orLOrD, the cioduluo and uruciontc of the 

tranofor t notiono for dict.'ibutod and the 1ucpod 
T and .L nott,orlto of x, go 4 ind 8 impo for ac valuoc 
fro 0.13 to 30, havo boon d.otorainod and caap chi in 

T?iCD, (4.1 and 4.~). The r~atr'in oloient ' At is the 
oaio for ? and 7T oottort.c. 

The roculta bavo obot n that the luipod 

and T circuit cantiGuxatono Givo long deviation 
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from tho distributed values thcn tho I. typo * Ia both 
tho orroro in anp1ttuio as v 11 	haoo docronoo4 
ith incro in nu or of lumpss for c 	j ivon tic rca1uo, 

For largo AC vG uoc 3,o io than 4 lumps arcs totally 

s, oqw to. Dciod on th000 raoults, tho '1'  t 'po of 
not= no finally th000n for furthor otudioo on tho 
offoot or vorio 	'actors on tho luzapinG orroro. 

ho tro for £unutionw aro co putcd,, for  

diotrtbramod and lu-nz I V oirouito of lv 20 G # 0; a 
10 lu apo for hC vuluao frog 0.1 to 230 aro Civcn 
ah10 (4.1) . ' ►o porcontciijo or►rorn duo to lun1n 

and Its roiuction with  tiith tho uu bor of lunpc uoro dotor. 
u: uod for oatri olc ntm L, D and C (both z oduluG and 
arj u t) and arc pr000ntod in V`i, n. ( .3, 4.4 A 4.6 
roopootivoly). Thoco cotiparioion3 tiro mcJo for the 
£n,1cntc1 frequency ehich la iot of ittc t. The 
r'oculto of t loco otudico Ciro brodlyriood in 
`aab10 (44.2) 

C 	of :nt I 	rcquircd 
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Lipto 	I I lump 
t oou. I ufl a 2 luip 

Q r~ 30 4 1umpc 
no c.n1 50 a lungs  1urta `' 	50 ant 100 20 Iu 1p3 
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sic 3ndic utoo that t .o n or of 1u 	aro prOpo* tto t 

to tho c u Ago root of f rkC. Thin providoz3 a b is for. 

tho diroct aoloction of t c) nuzabor of lumps rccp trod to 
ropr000nt any building olc nt of t no' in thormol t1 
con t t (RC), en in an acou cy of 2 to 3 % in tho 

trn3for tunotion • Tho abovo critoria i of lumpin f tiao 
caployca for furthoi ctudl.os by the t4ncloguo itbot. 
Tho trcnotor tuncticma uoro dotor1nc4,by thonaloguo 
tiothod, for butl1in& olozzouto having difforont ti 
conotc, top for tho m 	at al_ r 	. .hhiica0 
'h000 + ro co p rcd ti , tho corroopondinC; dictributod 

r~Dton truncfor tunctiont3 (oor pt tod) in Fig. (.6), 
ul co oopori iontal orroro uoro of tho or2or of 2 to 3 , 
fir' attom} t to obtain bettor prootnion by inoroaiin 

the n 	r of lum.9n than tboo roaommonclozL hero lo not 

juot&f ablo a 

It haz boon pointod out ( ,, 58) that tho 

boundary conditions influence he lwpig orroro but 
qumtitettvo voriotion of thorn orrorn uith ours'"oo 
fib rootat xcoo havo not Go tar boon fully ovalua od 
for oX oidcl inputs, 

Incl=ion of the aurfwoo film roe LiltaUccO 

on either ', tdo of the bui4t. o ozaon : t4U alter tho 

o rora U trenooio.oion 	' o tro afor o4trin to 
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j;iven by 

i•" DsJ L° i C D t? 1 

or such a e~:to the overall trunsfor fun.. t ion, (l;, LP-) 
is Given by 1/A' 

whore 

A# 	 i/ho A ,l 1 1/hi 

The olaaunts it anI J of tho matrixof the built.in,; 
comrwnt, dopond r l.y . on tho trz tt13 Can5t t ( 7I ) 
for u ,ivun trequa c1, whil r el c w- is J3 c ni 4; s i1i 

dopon1 both on t2e th rai1 time c:nizt t and th3 t ur- 
m4:. resiut ni u (a). Ijn o, the ov: ral1 tra. fer func
ti will not only do , nd on ' ~ ' but ulna -on the 
rntioo of ri/,1 ,, .' /a Lfld A' V4, whom , u 1 Ui aro the 

rociproca1s of the cuictocz ho...t tr:.unt 'hr coufticiont 
h, 	d hi rozVoctively. Th,io i splio- that building 

c=oncntc huvinC- the a o thorn 1 tip c nitcunt ( ) 

but Ziff©rent ' her . ro3ii tanoo x will ivo dif cr n 
trans for function:; * .FUanco for ova .uutin ; tho ufi'ect 
of rilm ro..;i it 1CG;, or luzipin error, four :Apccific 
vLues or Li with 'ixad 	 ouch ropraLentine 
a c1"suz. of c V3ri.,1 a co ao * .y uzed in practice, art) 



chosen. The urc t. 

	

i 	11C, a 0.1 rind 11 •- 0.1 which ropro ont 

highly a nt° ctinZ soctionc like i ho too 

comont = 4 .1,vonicied Iron hoots, j,l,Asu 
. p neu otc* 

ii) 	= 1#0 ti 5.) which repro:jentc Eiji 

resistive 1+ i o p cttj in.suLatin, 	Cc: i l:~ 

	

iii 	 41y1M 	1.0; a = 1.) 	ia = re ist nco Likti 

n3iun a-ap ity typo re ntin, u 
of Li ,ht writht concratec. . 

nt IV) 	:.0 = 5•, -A - 1.* 	,. Lii, , ► crap; city nI hi,, ~ 
• 4en 4ty tydo oI ho v'j utcrLls A .hc iono 

concrete, Drio:s•, stone +etc. 

nuubcr of lump, rcqutre t for 	h c so w s fix c. 
accord to ; to ►ab10 (4.2) nci zero 1, 2, 4 ancd 
ro p; ctivro2y for thuuo fourcusps c:ansidoro;I.. hozo 

,C wit A valuo i o en woull provide a fuiriy r;jpro 
€ ntativo Loa of the ,unpin; errors us inf1u3nco 1 by 

the surface ro iztncos for rust of the :or onl uco 
iil s in;; oato'i;. c in their uziva1 thickna& os . 

v sir 

 

each co the 'r; -fe tunctiois (t 1i-

Ludo docro nt nI phus 1g) z or c ,put- i for ortor-
nul uurfuce het trcau tar c3u `ficitnt they of value; 
I,), 2.0 , 3.5, G.e,, 3 *0 Un . 1a. c) with a fixo l in i 10 



T 	t 

film cc ;uctz n.co (l_) of 1.8, an. aloo for internal 

surfaco bout trnufor oaffici.cnt hj) of v .uo& D«5, 
1.0„ .*8, 2.. 	rM 5*0 with a timed he of 3.5. 

poz'iriontal ant thoorotio i1 vaiuoo of tr natcr t nc- 
tiono for ; iatributod cn iumpod cycto , arc crapurod 
In Thblos (4,3 w4 44,4)o 

The onaloguo and coiputo , (IIatriz cdiuu-

into ) 1u ip d circuit transfor tunct1om: uor~z xi xttc i 
aCuinst tho -Jistribute1 trunsfor r wction, M-1 ;~h -,,n 
in 	;. (4.6). ho i3oul corro .;4tio i aurvo *..ou1 be 

u Ltr". ,ht itno pc soini throuj h the ort ;in 	450 
with the a a. lxio doViutions in the t- iituc o 

c cc on.t tc otor frix the i .cal line tor.. only 0 to 3 
orcont, irru ~octivo or tho 'Y' c utao nI thi su.,•.. 

fc.c3 coofftcimnt vt ri.-,tion, ubzn tho above rocon n 1od 
nuubor or 1um,)3 ctorc u.o . Thu dcvi,,t io of the 

phase lr ; an41ca from the idoul cup'vo upper to to 
1areel tar lov phuco 1aC en ,1ou than for hi ;hor phtioo 
1r o, in VIC* (4.6) but upon lotto . 1inoar1, thio 
deviation if, the ut o (within 30) all over. In all 

practto l probicce, such dQviutiom are minuto and 
uro in:ii nificcnt. 

By a close oiamin.tion of the equation ( ) 

C ivinC the ovoruU trun ctor function in torn3 of the 
matrix coufficionto for the built in.;; co ionant and 

(urfaco rc;.iot ~ncos, the follouinj c ~untJ are 
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made z- 

	

. ? 	Tho itatrix olomont 'is not u1Tocto . by 

the .inclusion of s r t co r,3sist ncos, 

whc reu the eootriciont " i3' i c € f roctec1 by 
nsi o cameos film rozintwico by the 

ratio of fl/ cji» Coofrtcicntic of `cctod 

by the external  4urfaco CIIQ rtmiztanco 
by the r"tio U K whtlo the coorf iciont 

iu affected by both the uurf ►co roi:;-► 
tcaneos by the ratio t./L( . 

i) 	If i, n;, C 1 and D1 be the o3a„ ats of 

the tr..nsini a s ion n .tr ix of n 'ti' luzpod 
circuit, the ozcror:: duo to 1wapin ,in 
ind&viduul matrix olomonts iiU. be 

- j); (B 	Did d Il/£ii; (C - t` 1) 
kM. (i . DN) R0/f i  rocipactivoi.y. The  

total lumping error will then be c "u- 
lutiv3. 

iii) For a given n:Lfla £U1 LO reziataflco5 
Pa  urti fli, the error (B -. D;) ?/4j will 

incroaso with the i,ncrc a3a of t thilo the 
error C. - c) / *iil1 decroaso. 

iv) ; or a Given :{C in1 i1, Increase in. 'gip  •rill 
tncroa o the error in (C - C,,) 	and 

«. 
 

U) . 'Its. va3»ue 4 
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kilo an Incroauo in ij will docroauo (B - a) !'i.i 
and ( - ail ) .,a!«i tho orror in ( 	) willl bo 

unaltorod. For a ,tvon nuilbor or lumps the orror in 

r 

 

all the four olortnnto viil inr.rcacc with incroacin~,; 

!IX and f oquonc•$t•r 

B noon from the ubove # for uny p,.,rtl.:ulur 

co 2itlon, the ovor ,l error in a lunged circuit will 

Sap ri on the ro . itivo 	or docro oo of the 
arrora auo t  (i - o : / 	cind (J - %P •) ~:~o/•, and 

) 	a thojc orroru op ic ccli ot3:or. 

UnUor natural co ttions the o,tornul :pus "oo r :cia- 
tanco "ill be iwu. lly Ioac than thut of to lntai'nal 
eurf co re,; l.: tun.co r fl.mco , tho nut 	a of of turf, cc 

r~avii.twiceu i:, :o ru lucu the orror ► iuu to l pin. 
4h: as coacluZiono cam► alco be vorifiod from thy :iuta 
,ivon in labloc (i3 and 4.4). 

4.6 	:,, 'a 	 o . sO2 k 	in 	,rr a 

£'or n Given thormul tine cori;rtant (s i) and 

f .3Sod nurnb:r of lump3 ucol, the error botueon the 

lui ipo 1 and :ictributcd ran:d'or functions will ino no 

with the incroa.;o of froquancy. 	.tea the th ro..jc of 

frequency, the tr ►3for constant B which L .. ivan by 

u 31J. aloo incroaeo. t'or hiLhor v.J.uo. of 0 
l"r.,,cr nunbor of luzipe uro to be on1loyca ,. 
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The affect o:' ii,• ar rr nice can bo 

troatod w i1' tho 'AC*v lua ir, incroueod in bionic 

otopo and the rrequoncy itcal  i unalterod • The 

vantuLo of thin ap,)ro4ch i c that tho cur Tf3 alro, .' y 
dram bat oon ,1C and trinctor Lunctionc un urrvrs 

for the tune *onto. rzoqucnci, nay b3 utLi1so . fo 
tho hi. ;hor h::.rno lca a tio11, to obtain the bo' 

i ontionci qurintitioo. 

It :'oi10 iu tb t it the nunbor of tun :, to 

beua:i uro 4oIccta on the b zi4. of the futzdi rit~xl 

equ3noy,, in aw;et a rors are 1ik3ij tD occur for 

biL,h;vr l z 3r to injutc. l~.aover, for pr"cticJ. co 

of a pQriodic Sol-air tc upercaturo ox: ;itutiot, the 

ovoruli orr3r3 will not be incroaco 1 to any oi,, ifi-

c nt oxtont, r s tho b.i ,her hurmonie coQpon ntc in tho 

cair t oratur3 will zcua11j bo of for =or 1Zpiii. 

tw14s thzn the 	., .onto. nd the uttanuation In tho 
uzspIitudo for biIior h. rrionic;i will bo quite hich. 

Lvalu Lion of lumpin ; orror in corilpo3ito 

COtiUCttOflOp worOtioaJ $T 13 hih1 Involved, In 
order to anticatea the ovorall orroro of tho Zm"o~uo 

moGtud for coraz ooito oonu tructionz, the ;.atri r calcui 

l.4 od Ui4it i uteri Gyotc V.M W i of f nV iona oz V 



aaciparod with t i4ocuo ra3uIta for Coe typical 

cornpocita Ball p al s in Table (4.5).. In catt ins, up 
tho enniouo aar.al1 oaei boo ;onoou scotion of t: 

cacapo ito pana1 vLa roprosontcd. by tho nuxnbor of 
1wup as ra 	n1oc in Tab1.o (4.2). Tha c p :ri» 

3ion6 ir~dic to l that ouch a aothtd of ropro ontution. 
it; pormicsiblo to obtain reasonably accuzato roD t1tu. 
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Bcat`OrO tL hin;i3 up a at 1y of no prob1cma on 
a 1r. go c 1.o by tbQ unalo&uo c hod z, it iQ n000 a y to 

chop tho cna1ouo portar , nco with oz ri amt.1 ro.rult u;, 

candor difforcnt b3undcry conr.:lti+n • It t u thor~fo -a 

pro o zoo to vorifl tho C notuor;: unalo,,uo bch.^:viou by 

oo,p4$ in tho 4Mn& oLuo pal. elic o i i .,turn 	 o.-j-)crL t uL o 

v tationa of i icilo uurtLaoz with tho; o ustuully co. u;d 

onos on full 4culo o:s parin: ntul houaao • ror tL t ,„u 'po .o 

four ca;ioo, for 'chic tburza l di to and tho bouri:,c ry :;o i 

tiano oro uv, ilublo, huvo boon c;hocon. Theco aro -ivon 

In rab10 (5.l) 

	

l.' 3ulldin 	 '1xtorri1 t ntorz cal 

	

00.1 ""Io one. 	t U:onc eruct ,on $Boundary ►Doun1car►y 

1. aoonoot%o 
of 

'Jail 

3. fcz o cnoouo 

40ccm- J 1 tO 
=ill 

4.3 ink 	uurfuco Inoilo air 
concroto 	input 	tcriporatura 

con:, t unt • 

'x.25 Inch  

jo1—stir 
Input 

1” pluator # 	u:fuca Inloor air 
1" lhuz'r coio in jut 	to , r8turo 
4w f' Br ic4a + 
i t tar 



0,2 	 jth_cot 

. u ehoudliuri (03) has of 3iod tho o boat 
fl viAriatiour through a concrote lLib 4.23 inch 
tbic ; t bicti f ozzuo . tho root of u wall iniml to3 
onclo uro. Tho oxtornal urfLoo t ao oipocoa to 
aturQl tjootbor ao~a itions $ tihilo tho inn IJo air  
tcporituro of tho c]bosuxo f_HintLiino no.-xly 
cz,ctcnt oho curfuoo to: por turoo t~a'o rurt4 
con 1ntiour ly occr 3 , ho.ru with t 	o :out)loc. 

.& ho y ioul rroportic of tho .:o zc:vrjto 

slab ro ;ivon in :Ublo (5.2) . 

(I.) 	d.2G in= it w 

ibtc1c3 or tho vlLb  
ii)L'1 Culp;. + i tJ of tho 3ibb  

this cz-ncroto ul b (.cith an 1► . vAuo of 4.0) can 
bo uduquatc1y x o ,roontci on tho ;nulotuo by 4 lu d 
'T' circait n3tt-mrI1. 

ti tho ortorn3. ctwThao tozpar,,tura forms 

tho o.:torn:.t1. boun:3 r condition, tho outzido uuxfr co 

oO 	 icnt (t.0) noel not bo lnclrxc.oJ in tho anulouo 
o12Cuit. the i.n .i4o surf :oo co3ffioicnt th1) is 
coc .el to b3 atc nt,, of vAiluo 1.5  

. ho c noroto club uc ainul to;i on tho 	lo uo exit ► 
tho ,iron b3unl ary cr iitions a z:1 	o tz,:nc 'or 



S v~ 

T *. 

• N terial 	It 	 p 

	

11040 	 # 	 : 	 i 

	

# 	 t 	 I 	 1 

I. Co tcroto 	1.0,8 	132 	0,22  

2. Brick 6.4 117 3.20 

3, ?taster ii.0 120 3.22 

4. ' h3rmac to 0.2 1 `x.32 

So Brick 6.0 103 0.1 

K = ah3rz1at coal tcttvity in ! ,in/Pt2,zir.0 
{~ Dons 1 t j in LV t3. 

a O'ppolif,c hot in Btu/tb,0P  

9 



x~►otio: a `~i L-q5e(tjS/to5) tiu cont it for the 
fundamontl ant two hihor harmonica e~oro iotox' trod. 

Tho aro i-von in T bio (..3) . 

die casre4 extern  wurtaco tou. ra. 

tur,uo o'3 bar .onic .11y une1yood und Its Fourior 

ra?ro :ontation i Given by equation (1) 

too ('T) = 65,33 + 13.6? Cos (15 t  

+ 0.7 :on (3) t , 3O5.) •,(1) 

+ 1.53 OL; (45 t. 4130') 

'un1.antui tnti two h Arnonic tortam urns fount to 
juraiiont for u fairly uccurto r: rouont tion of 
tho "ctua~l wave Como  i'orza. 

corrjstiro41:.in 	uriur rap onnt4tion 
of the inside .,urf"ej t I?3r4turo v,.~riution$ o~.n bo 
obtainedfd.. with r nowIoJVo or the 'U' valuo ar.4 
tran€ for functions or the u1"b by using 1Io r ,ton 
ot.cLi. (63) mottw°d. ~h o Fourior oc uation of the 
tnziio Lurfaoo tciporiturO to obtttno.a as 

tia CT) 4 oG.a s 13*6 Con (15 t  

+ 3.3 Cos (Z3 t u116o ') ..(3) 

+ 0.6 4.O0 (45 t -32103J') 

"ho cdiurna]. yr iution of in  le surL c tomporuturcw 

Toro obtained. by 5ynthoiGinC the equation (2) uucl 
aro compared with t1la minz;urod teap3rL turoU in 



;65s 

e*rt i • 

~i^ A 

7 r c4t 
 't 000 00 C) 1'3Ec' 

* + 	00 000 00 00 00 
a 	Me • - 	-..,, 

00 00 000 00 00 00 

•e+l 

4 C` 	• C41 C ~s coo  t'~"~ '_ ~ 

t 0 -0 1, 
s 	0 .3 	'T , . ♦ r r 	• • • • ♦ •• 

00 00 000 000 00 ot-, no 
• , 	f , X11• 	F 

l • 8 $"~ 0 r! t .-40 

q► 	+IF 	#! 

 

+ 	Y 	i► or, `rr , LJ r o V 1. R 

cam r. 	t  •
~r 

44 	1 

r 
'W 

w 
- 9 	4  v 

q 

i 	4  

r 	M 	wr ~r +rr 	•IK 

• 

fd 
~• 	r 	r ~c w w r+l 64 

r4 r4 
y.. 	a, 	w rre 	+~ 	sir 

'fit C~ 

O i4 
I) 0 021  

• Q • a s t 

TI 

t4 

hi 



Fij,. C,1). 4 ror  ?ii. (3.1) it c n bo ;;oon,tbr t t 3  

ont,b3ttzon tho r o lure : -and rriLouo pre lictod 
toQpzzturo, is too i (within 3 pr coat) tbuou oat tho 
daisy oyolo oxcopt at the initial hours. 

,3 	. = . dpi 	,. -a n- 

Rout (7)hU invot , tztt, hoi £ the u o 

of the na34rtioul o>lutio-is :1avc10 , b7 "lioujnton 
ot* ,# (Ga) wii Z .:.o, oy ani :ri jit (.~) for ntor d.y 
utcato boat floe throJiritu.~ i,. .0 ttit,a Lal their 

.sImpl fyin, amau ptiono c►ro Ju tific1 fo: , uvt1cal 

ilding prob1c . is laic inu.a ct it,"tio-uu a roe ► :: ith  

all the four 	L42O up o w 11W of brici t:ho o 

3 YzicU px'ej ertio3, Caro 1;ivon in T3blo ( 2). 

'►Ixl 	~: 	 L) 	O.2 inchc r 

s• 	 1 ro.iCtanco Of ti t all 4i = 1.4 
` cgal ca.;xcity of the t3. 	C = 18«13 

The inciio uir tcpera.turo ^sic 1;opt con:~tent by an 

c i 1 Nio! in- /d ' z for wins out i10 cn inc ido vurfaao 

to er turcu •.fora 	urod. : he' iaui,?o ourf+.xco co- 
afficicnt vas tin 1.4 GtU/.-q.ft/► /°;' and 	ed 
eonwtunt. This bric4 ball of 9.23 inoboi thi n sot 

huVtfli;urn '' VL1UO of 	can b3 ro 	unte1 on the 

aa10 uo by €3 lurza,, of ' T nottrl, Frith auffielent 
*i:h3 tr"n.fcr ftznctio& (Iplitu.Q Aoercnt 
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Facto r nd phano 1u) of tho brick call Toro dotor-

E1tfod by tho iflf1OUuo DO thud, for tho fun zont3. ,Lind 

thxoo hi&h31 b monleD, o3o OXO ,GiVO in b1O (G3) 

e10 &uit'h tho co a,utod valuoa by tho n.1ytioa1 ZQthOt3. 

i o Fourier anaiyziz or tho vstz t10 : ur co 

tporatUDoz for a north rz11 on a sunior toz t Ur y io 
ivou by 

= 78.73 + 15.01 4n (15 t - 133°1O') 

+ 4.53 :in (3Z t - " 'COs') 

+ 1.#7 win (45 t - 18357 $ 

+ .14Jn(0 t 	G.O42#) 

+.g 

 

to 1y c tcito Co -)onont of tho insic .o tlrf oo toap 0r .» 

taro i obtuinci trci tho oquation 

t1, (moon) = tia  + U/h (toc; (moan)  

Tho 	o Uc coonout t tho in ;10 uurfaco t wra- 

turps aro obtiino ith tho hot; of tz:Anutor functions 
prol7iouOly 4otorinod. 

ho I?ourior ouution for tho inc iio : urfico 

tozVoraturou corro goniinr, to !.h+ input (oquattori - 3) 
to than obtu1r 2 uz 

too  ('fl  a 72.32 + 2. 	,yin (15 t 2330 ) 
+ 3c.J Lin (30 t - 930 ) 

4 0.3 	 in (03t-`730} 
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ho h x r1 variation of finzi4o swrfaoo to por turoo 
obt :inol by aynthoL tzink; the oc motion (3) arcs co 
parod with tho €oncuro1 and th3 thoorotic wily oo U 
to tonperituroo In Fit;. (5.2) , It can btu soon to 
tho Vie,. (5.2) that tho o roozont botueon tho anuloCuo 

1 thoorotioo .y c tsputad ro, u1to its ozcollcnt 
throughout daily oyoio, thilo tho .ioviationc bot~ on 
tho ouc1oauo on2 r o ao zro~1 vuuo.o c.ro nora in tho 
initial houro# 

Tho abovo t ro co ,p rims to au for to parti► 
cuior extorn . bounztur$ con2ition, viz., out3ido 
foco toiperütiwo o tho input , I'c r this uro~.o, :ho 
outoido iurtuoo tom roturo varl tionz oro to Igo itnoJu. 

i000 are not roc.d lg a allablo. In o 1  or to .moo 
thoorotIct . and Z na1oi1.z3 Ec ttho1o, pr; oticablo tho 
oxtornc1 bow-1 r ° eon2itioru ohould bo oorputobio 
tz'oz tho zv&iioblo uo thor d ta# Uac1.oi and Sri ,ht (1) 
hr vo th tro auood opal-air tc3por .taro condo pt, which 
can bo con utoi Cron tho 'you ro t►hor data. Thor 
hovo Jo pi'ovtdoI U ooroticu1 uolutionu tc .:in; LOI-
air tc peraturo ca tho oxto.r U boun4ury con-4tion. 
,ioux (63) had ado uoo of tho o o rooms (p.23 in, 
bricct iralo) for tho vori 'ication ot tho thcorc ti .0 i 
cotutior,  , sit t iia uol-air tomj irituro input* In 
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this case the outuid 	 ofr1ciont (h.) iL: to 

be iriclu.~oJ In thu nuic t i:ir uit v 4h i ot4ith &nd 
insi.»e :cur£"c oof2icionto guru to on us 1.6 €znt1 

1-7 . tut'ws .ft,/Er/* t r33pooti ro1y4 The tr"n3tax 
tunctionz \ 4 (ti / t0 ,) for this input bounUury 
co.i►itioua will 'bc Jlfroi nt from tho ;arovicuu 

he tr4,.n4for tuaotionss ; at 1 th€ . by tho . n 1 urn 
u,1on .4itb th :40 t oraticc 11j co uto 3 urc. Lo ,ivon 

In 11e (5.Z3) . J bu Fuurtcr c ,uation of t t so1- rir 
to erature for the exper c ntU con, itionc ir. ;iv n by 

tLu 4'I) = 63.27 4 61.48 Co (1Z t. - 183°31') 

+ 33•Q3 coa (34' t w 	109* ) 

.?6 ,,; ;)S (4L t -- 165°a  ) 

4 4.6? t:oz { s0 t  

The co_ 	c a tu; 1n iU o Lux fu a t portAtux obt alno1, 

frees 

 

the known 'U' value an.S tho tr nifcur tunctiozu, i 
Liven by equation (7) 

Y (T') = G '.?0 + 4.0 Cac (15 t . 93°) 

+ 1.12 .;eau (33 t - 159°) 

0.008 co s (45 t  

* ),047 ;:vz (63 t - 690) 

The ti a teip r.►turo Yuri"tion3 obtained by the n a-

10 ,ue nothoi urr2 atiaria3ntully o.turol Onan are 

cozp~.-rc.1 in 'i r . (5, 3) . 
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It iii 4W 4io po; ibL. MY '...ot H' 4 J ana10- 

, ic11r th cu A 10 rurfaco torpor xturoi of a b til - 

 for : LIVJn oo1' r t 	rtiue and 

oaLa is r,turZ _ j coot ` .ton thy ) . i',r gain lurposo p. 

external. drlvini point trz ztcr functions tao/tsa 

1.0 « t ~o a are to bi ,iotormthoc for the funiawnt 1 

-j ,i ;,.i3r harmonica . Thjo pan out LA IO zur 
to..i :rutur L obt:in,,J by the e u tion 

	

t0 (actin) = ts, ( n) 	who t~,a (n) t ja} 
..(a) 

: i3 o turn. . driVi! point tr.xz.;for ftmtioru dotor- 

mino2 b7 t h u1owa "re ;,iv;j i n .T,.b10 (5 1) . The 

Rio rieL' i tf4wL.L4 .L 	` 4 th7o or91 Ul,.~W au► -f ,_.c i t :wmPoi LL". 

turu c 	 o+.s t tzf ial 	 .Air onp 3ratu 

(oquctti -r 0) for tho brio1 w 11 is obt in 

tos (T) = 67,10 • : 7.6 Co (15 t 

4 13 *3 Co (C1 t - 31°) 

	

# 1►0 	s (45 t - 107°) 

+ 1.43 CO3 (60 t  

r%i C 'ap:t'"trion of tho ana1oCicc1i.7 4oter. tnzol f.. 4 

e rimcntLa 1 r .r3 uru;2 utcic urruco tern ~crL turcr 
.arc L].co n,10 In the ubovo 	(5..3). 

The 4ioVl3tion8 bottc3on the zaasurod &.n,3 

aloL;w to 1p eraturos for tho out ;i o ourfaca arts 
I;roator t t n thorn nor th3 in:Adc arfeo, 	iu l,u 
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bo Atrib ateJ to ts 	t3r,  , au:oly ±) cw 'hol 
io dtroct17 o• rit on tho cst.►i .o f;o Ahor condt » 
tions, iu .Ui:bio to Lrcr v zri.#tio .0 with tt ov than 

u 
 

thotbi 	l-: tr to.tuner- ax ;uj; ezto 3 
by M iczzoy aM Oar t ,h t road eorro ction for low t ,ptru-
t ro a cdi-t of Oh2X1Lje t kin 9IL,cc bt t~ aon tho 
OXtOfltAl Guzf..:.co End. it =Arroun iir4 . Tho en  putt 
tic 	rotboda c loycd (I) for lca t3 pc~x .turn 
r► .iiatton c of %tiara 	onpizlcal. t-»ns nocad i prove. 
Monte 

In pito of thowo dr, 4 u+ a the ovozall 

a reoaent bot of n t (, u .sun 	na1oue predicted 
.tt i6e iViri I. uc'o ;.a 	4-, turei YPi iL y bo conia red at" 

quite G3t13f :etor7,, in di lin, ;Iith with problemL of day 
to day o in erinb pr4cticc. 

5. '  

Itdoz -4 2 

The abovo three Ln stcn oD are for hose-
(,oncouB con tractions. In practico many buile.1inC; 
o1oaanto art o4ti o com- poz Ito sections . ''hO internal 
bour Lary con.1itionp of conttwft Indoor air tee for iturc,, 
Is truo for air co aationet; onclosurou only. 3 t the 
min bait of buIliin& aro uncooiitloned &ni the 
it koor air tamr~cri turos fluctuate porio .c~..ly, I:enc.~ 
a roro Con ral cw o of a co11o3ito .:or! tructioo r ith 



variablo indoor aiD temporsturo is u1zo inclu1od for 
tho Voriricati.Of of th ru4.oguo. 

it rchouthri cat  al. (69) have reportc~t 
ozpQr#nont:A . otu loo on trio offoot of tta11& cnd roots 
(oonipo.~ito) on tho in oar air tQ rtiDQo for trn 

oonditionod rooms. Tho iu11 eb000n for tho prc wont 
study hazy the fo11+ win ; na t ruo t i onal details s - 

1' p1. atur, 1' ti :noo o1 , 	" brick, ~"pLotar. 

Tho ordor of the 1"yoro boin froz o+at€ido to iz~zido. 
Tho phycical proportio:i of tho natori. 1 of cach layer 
Lra Bivcn i 2:..blo (5.2) . 	ha r uationo o' tho oxtor.  . 
nail curiaco tY 	r ,turn :..nd, tho inoor air to ; .:ra- 

turoz :thich .'oro w u bo;i iary aonzliii=-$ tiro L;ivon chu 
i) OutZi13 ::warf,:c: tc p' ratur.3 

tag (7-) = 105.6 + 21.33 Co3 (15 t . 5 °311 ) 

+ 8,.41 Coo (30 t 133°42') 

+ 4.10 Coo (is t -lit; x`241) ''(lQ) 

+ 2.12 woe (GO t )47O4$) 

ii) indoor air to3pc1raturoa 

t j,a (T) 	3G8 + 3.67 Co3 (15 t . 328°) 

+ 0.43 Cos ( 3 t - 1G9°12') 

• 0.003 o3(48 t - 247*) 
	..11 

+ 3.14 	(Ge) t 

in ropr3Jontin tho c po ito ua11 on tho ' Olo ;uos 
oach ho ion, onoo`w 1aior, in ropre».GntcU by th3 nu bar 
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of lumps (bu od on thoir kilw value,-) a' per oar.ior 

roe ondations. Iru1do uurfuco coof ttciont is t4hon 
s 1.S i3tu/.rt r/flr/°i and ausu cd to be conats nt. 

For a boun-iary condition "hare air tonnQra. 

turar on oft . r : is o Vary, the probin c b trc tc . 
s aorziztin , of two Gup)rpos~o; part:, nancl.y (1) *at--

.ido air or :cur 'ucj taaporat1ur3 tr v riubio, itth a 
c t: nt X.+ :ioor tir tummoratuy o,, uid (it) indoor air 
tcni)aroturo is viriab10 uithh con tent out itlo tcmp:)ru- 
turo♦ 	actual. i~i.,i- o urraL'a to. j~..r~.turo V~ri...:tion 
is t cn obt_ .nc°1 by tho upjr 4)oz ition of t1id ::olutian 
of t xc t,.:s ►.:rte:. £i  co it oni; tb . u::u . trn . or 
functions A i z1 f 	tj /t00) but 3co Lea intorn 1 
drivin4 d Ant tr ,n 'or i'un :tion ~, Liz i~a., ('tic/tia) 
in ro uiro; . ihouo tuo aots of trz:zx...for functio . ► Ltea 
dotor tinod wi t.h Aq. ,Ao UO a to i ivon in ablo (5.3) . 
o oquwtttui for tho tnsido urfoeo touporaturo in 
tern of the boun3ur7 variations i.. ' trnofor funtionu 
am bb c. pro nnod ao 

tip (r) 	tip 
0' 

(in) + 	~i-ntoa n coy t-\-4) 
r=o 

+ 	i. 'Y~tj ( 	t - 4 -- 4 	,) 
...(iz) 

Shc ro 	tj 	(n an) = tip (r 	z n) + LT/1'j 
~t

oa (=,4,n) -ti,n°.' _.:.n) 

the titutin ; tho nu.:x:~rlea1 	or this; pro: not 

oz 	lo, tho in:.i iz 	s 	•f .co to 	 ca Lion is 



:s 

0.70 
t 	(T) 	97G~ +x.32 Cos i~ 	. 

(13 
(3) 

t 
t 

- 1230 ) 
-~ ~: 9 ) 

+ ).075;o @5 t .. 
+3.025Co (GO t - 	5$) 

r .l 	Coo (15 t1' ° 
+ 31 	Cos 
+0.013 ~oa 

(3') 
(40 

t 
t 

-~ 	 i3) 
- 3020) 

+).0"3Coc (Go t • 3090) 

Tho hourly variation o tho in i?o Ourto.00 trt-
turou ao obtairio• by syutbosisine thsx oquutio i (X3) 

rnd co ►p: roil with tl 	Q .:>uro:t voluot in £'i3. (5.4) . 

it 

 

cn b3 soor From Pit. ( .4) tout th na1ozuo 
proactiorn u ;rov cloco1y ciith th-. mo"Durol tapor 
turo o in tho 	 ~u3) tit i  3 to 4 spur cunt. 
i t the c.bov C.)¼Li2i3 it ii 	: t+:.? t 	tho 

a 	`. , , ~:_ th-, ..x 1ouo 	c 	n - thf; .c-s 
tior.J.1gr cor.~ 	~*~:iu 	_O !x rairii: i :i a 1 tho 	.. )1i- 

►i 	3tu ;i iOns t. ,.&O in thoorotie J. co utu?;io it , 

uppiy to tho ."- Lao, uo u1:go. 'ho i1oviatio botc oof tho 

coa urod aril tbo theoro oio"►1 v,..juoz s ;j b uttributod 
to tbo to110 ing aszu ptivro main in tho thooraticcil 

toltition. x - 

L) 	,'ho iurf;aco co ti icicnto ar3 ton zi of a 

con of € Ttt vtalluo,, th su ji in Iu' c t i cu thoy v ry 
to a cortuin ortont. 

11) 	They r4L Lion oxo u o it tho is o i'io c urtaoo 
bu.. not bun uopurutJly tro,.toi, but tho 

incido curf.;co cotfici-mt ire tii cn z t 

coibinci raii,:tion n1 %:onv ction coat iciout. 
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In othcr uordn & ll the host tr~s for from 

the inoido ;.urfttco to the indoor air is 

tt in3 pituco . iroctly throuLh the Tilt 

conriuctunco, duly corroctod for rallLt.ion 

trr .  nt©r 
iii) The col-air or outDido .urfdco tcnporuturo 

truvo roriz * ro idontic:ral on two *uccoosivo 

uyo. Thiu uu.1uu1 tion i:; not wtrictlj true. 

;Ioni'cot&'oraity of t iiz uc3ua~)tion io oxpoc-

tod to introduce inc;rouuock doviutions in the 

fir ,t foe hourL, corrc pondinL to tho tt o . 

lug poriod. 

Ho: ovcr,, all the ubovo rirnplifyina ussuop-

tio.i j.4 c is tho thcory 4.-ad the _ i1oL;uc arrorc dolt 

in (J2 to (4) , cowbinca1y cho not c rcco t 3 to 4 per 

croft to: all t ct i~:. l problo= . The pro 1 icticic of 

,parim.'ic to ap.orc«turca within 5 per cant or the u tual 

conciltionc c,an be concidorod "o noro th..n . ufficiont 
for on ;tn©oz in, accurac too. 

ho abov coIap~ri3iono s vliich cover the 

cca7 my occurrin ; bory oond.itionn ani typo of 

conutruction3, only justify the v"lidity or aioptina 
thu Qf& *uo siothord in the proponod Corm, for ztUlyinj 

thu p :riodie ioat flo.i throuCh builiin.-; ©loionts of 

Jiff rant jonatructions „n . under 1iftoront c11MLtic 

coa;iti =# 
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ifl 1XiX %4 1 =~r 

Corgrohon ivo data on tho tbo1 charac. 

riaticD uhtci tp1oto1y lotC ino tho thornil bchaviour 

of tuttdinC oicunnt un for rioItc port flow cin . 

naturalal b€rx da x y wwi itionc,, cro not w. yot r v iiablo 

It hao boons .o in (70) that tot of throo :4yQtoz 
functions, 1.0.,, ono trig f'or a d two 1rivir point 

fiction z tit). oo1L1oto1r o actoricO ,a tour toroinal  

notunor%. Vc ~a Cor u (3) and lator ',Iamot ( ) t uncoy 

(&) L i rn (2) havo obolin that a h000 or.00uo ulab mm 

bo troatod ca; a p1;a 3iVJ ? r  t final (t ,3 Pair) to 

oloiont (..i iL. C) nutuorls end t o c c) matt itic . 
thodo oc Io;rod for oolvine Ruch oLoctriou.3. notuori 

prob1oDa can gal.&o bo uppliod. to 6olvo tho probleic of 

porioJia boat tto throuch buildlnC oioa ont . `'bo 

nottort cyc tam function, dovo1ood for oloctrical 

p°'obIcno oun profitably bo u•oot for tho analo ,ou 

thcr). ryrtom c + . ctiono • 'ho cozztaUon of tbo: o 
fuflotiofl3 for tiff uoi al oiroit.ticfxa# C 1o1in ; tho 

Droll € tablithcc r athcicai not coda usad in o1octri-
cal aro lcc (uupiuco tr;,=rorta,, ym'oolic Calculuu* 



tktri) cars IcraIr y  Gir 1o.3 thin 4nulytical DOthads 

uica for thamal ?robs . 4 Tho most t)romioinr approach 
lico in the poicibi/I:ifty of dotorzinla tho6o 113 yetow 
fUn tiono ozporiclontallyr by tho e10 ctrical analo uo 
notho!a ubieli obViatco corp1ox 	cuiationi. 

The 0y tt furLctions dojn4 not only oa tha 
f#tttorl O1r3entG but also on its n turo of tozrtntion. 
Vor a build ng olo=rat the surf uco hoat trLnLX3r asp f 'i.-
CiQnta tthicb arc rQprocantc-,2 t)7 psi rQintanc ►s  farm 
the torcuimtion on both 1nL,3 * The boundary coaiitio .-i r  
that are cncauntor d in ,)criio heat floi nr ablcc of 
bui tdin o r d the corm o lin,; ,may*.to.3 £unatio 1a ra 
dorivocl in tearsof ionaral circuit paraotorz t;n . 
;t r. in Zp ofd iT (II), The throo thor1 functia is 
1otortino4 bT the wi 4o uo aotho42 are I 

1) Tronstor tc p,raturo uDp1ituta ratio 

C t 	ti 	is a 
..) b; tr'na2 dDivinC point tomporaturo 

p+iituia ratio 

2\Lc (ton 
tI)a 	tic, 	0  

and 3 .i) .Xntornal clrivin point tozorzturo 
kX1I1ttUdO ratio 

\i L 	t oa 0 
lit  

6.2 
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thorn r=cticni Uro Vootor qu ntitiG3,, £0? cach 
function two t uuntitiou vi.r., the czaplit x to docromon.t 

:l ph .uo 1ut; rn Io t uvo to b 	 i1iO ,proec - 
duro followed for tho dottrrainctton of thoco ,nmntt.. 
ties i vo boon doncribod in Cbuptor 3. 

Though tao trtxufcr crud intornci tying 

point aiz ttwou tuflotiwio rocs O Firoct of ;nific:.: co, 
in the fleet flow c:. .culationc,, tho tonpori turn LLli» 
tt 10 ratios vorc ohoaon for the :.nuloL uo t otorain ~tiv , 
booauo toot aro easily tioa1ure l., Uowovor, tho  
cidz i ttanco Lntctiono cn bo obtui ai £ro tho fo I , in , 
rolationLhigo bot •oca thoc. 

1) Transfer dmittunco ewiatton 

Yi ky i 	_i, _,_ 
tau 	ti:4 	a 

Yi Lfi3 C hi 7\i Lpi 	.. (i) 

Ii) Internal c riving y mint i4zittan,co function 

tin 	t0 	4 

h (3. 	;?j L' 	.. C)) 

o rolutian botion tho c tr n: for unl driv'in; point 

thcrcz l ay;tcm i'inotio:w unl tb; Ucr dr; ..taxi tr nufor 
i triz p r otc« b h; vo uls;o bcca iorivor.1 and proun 4; 
in £ on.ix (11)0 

Once thou: o tb rz . fanc t to 	L,rJ ; otc ~zim;d 
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all other do irc1 thorml qua ti tics . or a build 

of nt, 1g c► tho aurtueo to ruturoo (t and tis) 

and the bout fluxo ontorina and .OQV in& t 	and 
can be obtui.no4 In pract1to the prto,iic driving 

tozporaturoc are not sicipie inw •oida.ta, but on be 

oxpro aood as a Frier aoriac. Uorovor, thoao cc 1 

toquataiy doaeri 4 by the f nlat ontal and a rev 
harmonicas 

Thorp ayxto functions of different ty?o 

of t_oriuls o only unod in buiUine practico, troro 
dote road for the tundiriontl and the firet three 
barooniea on tho eloctricul notwrz a alo ua. 	tb 
data te of co t 4r blo pr.~etical utility, tbo a alone 
with their • U' vz luoo are prauantod in Tabs Lur terra 
(Table 2) for rcforo co porno o in ,ppon,l . (iii).. 

The hyAical proportion, tho thoxaetorit1c thorrial 

icipod.cncoe and the prop ation eonz►tant of thaoa 

tatorialo are ulo Civon therein (Table 1). 

An inDpoction of T ;blo 1) of ponc1ix (iii) 

inaicrlta3 that 1) kono natoriu1a have to ror ohurae. 
toriotie . izpod:inc3 ( ) an') aonyt, nta of propaj;atton, 

3 their vt riation from Matorial to catori._..l is not 

ci tficant; rind ii) lijht uoiLht tarilu } to 

hi ;her ch, ractoristic in, o_lanea ant those vary con3i. 

dorably from z utoriul to ciatorial . 
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Tho following Inferences aru mztu fro: 

n nalyeic of the t errrial : yatnm function data 
,Iven in Table (2) of ,peen ilz (U I). . 

This function enubloc one t, ostirto 

tho autwi1e urfco to r. turn attztnod b; 41fferent 
~tateriai:i for r 3mown 3oI-air to parature oxitation, 
Tho ;-,nitu o of ?\o do 	:h upon thQ coefficicnt 
of t arm 4 at vr; L .a n ' ' 	w `..,) of tho rz. tori ►1 « 
Uatorida with hiJi 'p' vraluo , will he vu lowor 7o 
and l rjer o for a i,ivun thick'na:n a .i vicn vor4a. 

a 1 iltcn m4to -ial n1 t'r u usaoy 1 ' ,L)' is inahca,1cn: ant 
of thio"i to iia, '{ horca 	o 	r'i:, 40 do C nU oa the 

thikno .a a: will. J. th tho is-1re4 zic of thicmnasa 
both 1 and C will i. cro .: a in the 	n proportion nd 
the ratio C/ik nc1 li nco ' i;' i unaltcr€ : , for r ;tvon 
froquenc7, 2\ 0 and 0 0 do )on1 on4 and C ami 
a so on the ratio or :;tea r a Gri .l ro i8t .n.c3 (:t) to 
the t urf eo rooi3tuacos ( ts.ndai) . zrcn 	)\o ami 

o de:oona on the t xic%nez:, or th,; rxatoriu1. ror 
hiLier hariionic tb1 . is, ... nituto o 	V dQ:ii wuC VC 

while C a incrac o u, 3li htl,7. Liht •? 4. ht 
r:atoriul h vin,,; b1h ch 	 iap unco (..a ) 

.. l hf.vo hi, cr ?\ a trzt loi it 4 o than for don; o 
flUtOriul8. 

W iik4c k~RY f~~ ~F, s;'r, cE kO& x , 

6,3  
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6* > 	Z R 	i 

	

t) 	Tho m<, nit tdo of A i will iipond not only 

ipon. ':.: ' but alz an the ratios of flhIj, 

O/I and f /f j • 

	

it) 	Per a ivon thickness sustorl.l3 having 

lzrgo 'p will br ve h1 h phct o 1c s t d 
vice versa 

	

i tt) 	The deor uuo of X t end lncroaao of <P i 

qro ioro rnAr1ce1 tiith tho incr a of thick-

noc $ for done materi u than for 11 fit 

m4tori le. 

	

Iv) 	The effect of harmonica on X 1 and SP i 

Is more rro tounco than on A o u d q5 o. 

Mr,h ~r h .rrnonic bavo rno eij riif icz rit c 'i act 

on Ti and 4)t i for very tithe iGotiona, 

such ww glas a pne s, pl .s tore f, 6.1. ;n2x:o. C . 

tI oets f (Thee have :,call C sand s vs, lazz ) 

	

) 	Thj vari u't ton of 7'1. 	n:1 4) 1 with 'c3' 

tn1 t xlc'.ni 3 	icil_mr to that of Xo 
and 4o* 

	

ii) 	1sr a Ivan s atorinl ire i thickrio s 	i 

ti l bo lo,.ar th.. n tho corrntipon1i 	\o. 

Thi4 i:; bacc u~o ' b; ' fc to s than 'b0' . 
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Iii) Jhcu both tho zurfaco coatriciont : (b3 uwl 

hi) uro oc ua1 t 	o nx i 	o will ito bo 
w 	 , 

o4u . to \ i and c l roupoctivQ1y. 

o ovor r l do cro nt factor ( )\.t) in tho 
pro .uat of 1Ocroott factoro of tho out to curtueo 
ra3intonco ( \o) wU tho do ro oit factor o. the 
M .tor1&1 ( 	ti) . 

e 

luneo trio ooi..nt f ..t toz of tho 	to i :l or for th . 
e.,utorz 1 wu rfi c o input (i «o; ., Olthvit co idoinj tho 
outGicu zurf co coo.Sficio t) is obtained fry the bova 
ciu: tlon tt;s 

Z-(P 1 z 	/-c-_4o .. (4) 
~G 

.,.P 	t, .r 5 	_ c rau3 `fi r 

;porno invo t1;-atom (71) (73) buv atto. pto4 

to aorrolato the v,.tio of thorrial :ap"eitg (C) and tho 
thor J. n. uJt anco (,/L) i . o . f ( C) of a butid ina 

o1oint with th 	ip1ituo . cont fuctor ( )\ i S or d 
phwo lug, u o ( 41) t nd sou :jcot that tie thr.1 

tirio con:itnt ( .C) ci bo t:. zon :. a sin 10 p rc x for 

to c%i -x,sotorf~u tho xion-atom►, ;it..to boh€~viour of , 
ho ioonoous bui1cJin,; ale ont • Zia t; truo only when 
the a.,t+)rlul .3thout ourf ao roQi.ltuncou lu Moaziduroc1, 
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as show. in 4A (G.1) . In ordor to find out bo i f r  

this relationship bo123 good with tho inoluoion of 
roDiabwt000 tt iob to noco : urn' and ouentia1 

ihon ono oon3idor tho bctaviour of a csutorial Undor 
natural. conlitiono) a I;ra-ah is d1otbod tot oon tr:,.n- 

for function (1 d mntu1) 	i /Pi wttbourPn s 
rosiotcnco heat tron :for cooiTioicnta hq nd bi as 
3*6 cnd 1.5 tv, 	`t. r/°' a& 'hC' in Pie. (6.2). 
This scat of ourvos olcarly inr. ioatQ that ouol° a 

cor olc tion docc not ho1'I 600ut for hoso boi m-1 r7 

conditions. :hava Is a ;rot 	,.ttor 'boy.* .soon point 

ropro ontin; iiifo ont turi Au unn no sln- to curve 
could bo tr c:n. It cr furthor bo soon that cacti 

c~utoria1 Io :a.. i cop:.rato curve by it oif and tho 

curves of in o :ut :rids cro fz;r o&n..rntod from th000 

of tho in L tin , c,:.tcriuls. Thus do r torialo h vinU  
value but ii1oly lifforont :4tiiy very* well have 

T I v i uoa 1ttCorin trot on notl or by a ft  or of 
ovon 3 or noro s `;be3 	v'uri:.tiol"#:► ura S uo to tho 
fact that ? i dopoals not only on 4 Litt uluo on the 
rutIos of 1V4j, i / -i and t0/. Thi3 i avidoAt Prom 
the tau"tion 14 of 1a ;kpondix U. 

► ; rnah of tho fun1umontal tru.no.for function 

( At L4 i) vor = ti io t.- o:~s; plottci for dirforcnt 
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snatori.ul3 is shown in . iC. (6.3). Bore s 10 each 

m tori,41 bohr vc uniquely and n LinClo curve will 
3atiaty all the autoriuic . For any one material the 
relation bet ter thiakno3 a uni phuso 14.uçj is practically 
a ntra t ;ht line. The alolic of these lines arc different 

for different mutcri .s. For any material. un in.:roase 
of thicicno will ra :ult in an increawo of ..>: un 
ufld /fl ,. 	a this incrcw.: c lu + i `fc Font for s iftcront 
mutcriula the v riutlon in 7 i uaid 01 with thick.. 

news will also be vilely different. 

D-ntn ,' (73) ha-: :.:-aiir th-.t the r .tio of 

ultornative hoot trLa itt3w ca (which i3 id nticul 
uiLh the trur.:fer wL1itc cc runction Y t) and the 
teady tae heat tr. n : i:.tt..nco (J) i.e. Y i/U, 

vcrcuw thick oas, proVido good . in,;Ia corrolaticn 
curve. in his s tu1iez ,..ntur coiiureC omly five 
mutori lt, with :2o m,itius r: rz ;in from 43 to 155 L /Cu.t t. 
en1 thcrmul ccaniuctivitie 	.:rea r 1.,11 to 
13.1 Ltu in/«~ .ft I~a l°•'. 	v .i;ity of tboac con» 
cluuionu wore c3~UC; j, for a ..ider r.zc of oiatortala. 
Vor this I)urpoc .bout t;rtnty .tQr3.4►2.., covurinL most 
all po iblc vuluca of 5sm::ity, thoir41 cog ,wity ( ) 
t±nd thor .xl, ra:.ict.:nc:u (L~) wcr inclu..o in this Ctu1y*. 
;cho trunzfor ui aitt-.ucu- funs Lions 7 , ZY i wcro 

obtuino1 by t ultiplyin,; tho : halo icully deter wined 
tr .u.u,fer function ?\i 	i with oaf. 
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THICKNESS IN INCHES 

F IG,6.3 THICKNESS VERSUS X. AND 



Thin f,' tho v iuo s or Puff iC c oM Q1 f ink) m1 
c 	us orteirr tos ,. n, tbiCtrtOcL u abcici3t a, ,rrap 

voro otto ] 4flj jQ7 In Vi . (6.4).  / 11 the 
Lnatori 10 irrou otivv o4 thoir physical proportion 

fairly fit in ono z4nIo ourvo, although tho dovia.. 

Lion& of inflvidual points are tar ;or tel: n thou of 

tor.: The main aivcnto of thin rol tionohlp i; 
fro ► ,A 

 
1 O 1Q% O of W.- oa i,) £ t tto 'U vtL1uo wig. this . 

nono of t. a torial, tho riotlic try: for u ,r ittzn Ce 

functions aro Jir"actly obt.-rood. T so.'",.o corr1t. ,onc 

~. oro ohoci.o2 for tort. o hi ;h.r hroi 	tho h po 
of tho curvoo aro round to bo oiril:ar, to ti oyo of 
the icIx-ntc1. 

tt will bo or iftoroDt to ,fine out c h3thOr 

oihil., r ro1ationihir eau .. ho obtaino1 for arivir 

Point .+:raitt:..ncc £unctiGZ.: c , oil. ¶c ontorn . and 
intornul trivia,; LL0tnt w2ttzieo ftnctiono i.e* $ 
Yo Lv-o -L:nd C ' L'4 ci ors: obtt. inad from tho ina1oi-
call, Jotoruine-1 sir f.vihhj )Jint to1'LtU.:' U u3?Iituao 

t  ~ 

rcatiz 2 notion ( T o L4' o and )1. L 01 ) from the 
equations (5) t . (6) roi p,cctivoiy. 

'Zo LY 0 = r (1 - To L` ) 	.. (3) 

urad Yi L 1 ' bi 1 - 	 .. (6) 

Sao i'ol"tion b.. ?:aon ::0/u :Lmd Y~,/`J :..rid this no~ri In 
Ehot i in 1'i ,G a 	(G.3 ..ivl 	3.c3). it o:..n bw' z oen that 
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th"a ul o eivo a s;1tlLx corrolution (i.o. , all tho 

ta4tori la ropro cfta3 by u ihjlo ;; curvo) but 

4aviatiOfl3 of tb ndiviUuu1. points from tho on 

r rvc arcs much l r or. It can fur he r bo notch, that 

tho trot of tbo; o orvor is acndir; i.o.,, Yo/V and 

Y1/U inaroa o k.1th tho lucroac of this! no o, In c nc-

traot to that of the curva in 'ig. (GSA) thorn tho 

curve i.0 a dozzondinG ono i.o. I 'ij/J ;o oc oo zith thh 

i,ucroaso of this no o. 

In all thc threw CLtO3 tho ph .i o an to 

vcrcuss this` nou did not 4ol a vin io curvo eorroo 

RIion. 	 cb claao of catori,,lu Jvo one line. 

The pi ro row aivo Uapinij I phao o -hick t of 

a tcn r turn uavo, Lehilo it avno z throu.,b a hooo 

cons uo outorii t dopon4u on the ouructori6tics of tho 
z utori 	Abeco o be obtained by iotorztntn.T tbo 

ampliturlo aoc 	at faoctoro and pho lu6 usnloO at 

+ ifforont p3into in ido the r. ato iu3.. The unt .fl uo 

is convenient for thiQ pur ozo uw Ur,, lucI?inL pointa 

aru uccJ::3i1)10 for i I in { too aiu.roacntu. The 
a plitudo ciooro n.t f€aotora cnd pT~ ~o lr 	intloa :fora 

rioaruro1 for : iftc cnt t 19c cal' tutorials for the 

Sunda ntal and h t ; ` hL i con to .. n: fun: c. ,---nth. 
valuos Chown in { iC. (G.?) t a t; pic:al rcWnie:; :nt,.ticH. 
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11O ,QfQr sl nturo or tho --urvaz v ::into.".r for 

iihc,r hurzoni th=Uh tho actual vvluoQ aro iiff0. 

rent. The decro o In At toi h ;hor hz1att:~ 

is not .,-)2rooiubla for th la : ;; nutarialL cis con-

pc'o to doneo t oriel s,. 

%ho drop in /\I with 4apth i:: oxponan» 

tial for donzo c3 toricle o4 capt at the bounthrio;; 

Mh0r01 for In::uluttni; nitoriul this t0nds to be a 

stra .,fit line vitb a stoo7 olop 1 i o i icra, Li in 

pbazc cn ,lo (4P ) with *loth is practi&Jlly a  

line throuvlv)ut o o t t'or tho x oInto arocchtn1 t}3 

other b3unicxr r. 

0.f 

Ln tho aublo (2) of £.ppondtz I C. L. the 

th 	l function data "ro ivcn for noet of the 

eon.:only uuotl b av ;eneou buildinj; natorxalt ui h 

G iffcrcnt thiQ o; 3co. Vet theuo i udioo, the tbor aL 

cap city (C) n1 tharcU ro: t co (i.O fiord obt inot2 

from U is uVCrL,0 v. luo of the )hy3ioal 4)ra)3rtic'.3 of 

the ntcrLi.c 	in Tublo (1) of the 	ot,Lii. 

; the o o_ead u)»n many Pa :torn, tii io vLriationn of 
th co j)Iop. rtic3 (four tho 	i o typo of auta;.riul) are 

to he asp oto 1 in pr ctico Tho o i 11 in of o a '-

tuti w on the uco the . to rozcntcc1. `.Th&,, nay b3 
ta"fien only coo in-iicativo avvcva,.;O vulUCi, but fo cn7 



cp3clfic aatoriul. tho pr3ciuo tr .3for and drivintj  

paint functto w havo to bo dotorzincd ovor j tiva 
e r,ishontckUy. If Conorc.i3o4 churto,, r 1atin 
t io:3o t2 .orti UnCt1OtU and the y icai nroportio3 
of r utorio .o, ao av3ilablo* tho abovo 11oltutiono 
will bo ov rco o and tho thtu till bo of groator 
utility* 

tia cko7 and Wright ha4pro + ntod ono ,utd 

not of charts for 7\i and 4'l. as fzrtctionc of 
therQal con;iuctaneo (/L) and too opooirie tl orb, 
c baor tionooV tric r~ i.t ( ç' ) s 	-ioao crra , ir 4:- 	Ci oB 

a tizoi valuo'0 Of h0 and hi t of 4*0 a d la 1 £t .4.ft ./ 

Ur/°X?r+ opootivol 	thono tutu c ro uacrt4 only for 
tho oot oution of fabric co3ling lo" 3 or air corUl. 

tionod bui1dtn . Itowovar, for u co )loco d000riptiom 
of tho thorual bo tviour of a bu .lUia,G o1oaant, tbro 
thzrn3.uretom 	ctto o naaoly oro tranafor f nction 
and to o arivtnj; point (ortornul and intorncJ.) tunot lonG, 
aro rot uf.rod. 	 tho :aurfaco hoot trop for 
eoofttc .omtn for internal hall , and intoroadlato floors 
will bo slifforont from th000 of tho oxtorn al btildinG 
olomonto. 14L tho overall thor ial cy itotz functions are 
affo:toi br tho Gurfuco cooffictonto, the ubovo thrto 
of Jacky crud Jri ;bt trill not be ap ilicublo for intornal 
b il; inj o1ot onto liizo partitiona. 

x oux h t1 found (63) that tho ri3;: t auitablo 
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values for the Out la nI in iIo ;.urface boat tr w 

£'.r  cooffioLonto for «J: uth. J.riow cliu tic con iitiort 
ro 3. nd 1.5 ',;tu/ &Oq. 't./: r/°F rc poctivoly. b+ e 

valuon uro moro u ,roort.h o for Nadia, bo auoo 4jouth 
;Xricui on4iti .o cart cio to trd,nn climatic 
CO43 itiOfZ3.. 

j?j.vOOotz. of 	cnoru1it1 tbormA func- 

tion h,..rtG aro sho in in ' gs. (3.8 .. through Gana). 
In each cIiart 4 f ily of CuXVU ; oii for ouch . : v1uo 
r+ in frog 0.1 to &), iith thorn ru iatzinca () 
as tho LbEic,1 a (from 3.1 to 1)) Lal the 4p7ro )riato 
'undamant thorna1 unction .. tizz or.in ,te ,ir* 
2r . 'T ou 	' ...' valuez r .r r that '53' s. c . not 
likely to be met with in pr eti3o, .:: va1ue oven ipto 
'25 b,. ve ban inoluJod a tho o oo iiot of curvoz care 
intended to provide the thou l Ainotioro for hi or 
linrtaanics as veil. lho transfer un.1 UrivinC point 
t meti; .:io ,1.ve i in thee c)art aro a 

.) 	?\f L 4>i 
2} 

 

7,,o L95o 	for h0, = 3.3 n1bjr1.5  
3) 'Ai L5I 

for h.0, = h, = 1,5 

itk t c &o ttv ; ut of th c i;,.rtg #, the thorar l 
tnr ctariztiu: for p 'io;ic haz.t flow of any Aortal 
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of IU Qt1n i., P I £ VC1uosr rani t 4,JLvcn tb.ick! Js (6) 

thothor ucol apt, an otoz'na1 or intcrnul ulonont e 
dirootly bo +obi&inoc1, 

ThouG,h ":hoi3o chartc aro for the to 	ontti1 

(tboroi1 fun et low) th h 8 or hcrioato con a10 be 
obttAtnal frax them. Via chriractori.ticc for tho n th 
harmonic (por i 24/n hour) carp bo obt ainod from tho 
charts by win t; a vi1uo of it of n tiaos the wwtu 
vu1uo for the 0=0 

Iho uuo of tho.~o chtrt; is oxpl"ine 1 bolos 
by an hluatratLv o plo • ou po o o urn+ intor dtud 

to fins the ther1 trcn for : driving point funetionz 

for a mater11 with F. = 8.,) proportion of 
P = I20 s = 0.20 and t "°' 10" incheo R 

i rit oZ all the thor1 rozic:tLfeO i1 unA thOr l 
pacity G arc to bo 2otorziina~2.. 

f = L/ ,: = 10.3/8.0 = 1.2 

C = LPG = 10/1 1. 0* = 20 

. :-x = 1.25 2 9O = 25 

For tt wz o 	Lueo of fl and C, tho tr~.nwtor and drtvin , 
point IWictlonD ro;:x1 from tho ch .~.rto, for the runic- 
ocnt . and throo hi:,bj: hwrmonicD, 3t0 ivon in 
Table (6.1) . 

hot o chrto ur , nos 1y Doif ozpI utor7. 
Ilotrzvcr, the f olio in brood inf or .nca3 on be 	10 



1 91 1 

(i11uatr to 1 ezpl ) 

xternal Jr1v1n ' trurwfer 	' £ntora l 'rivthg 
Ha onic 	

I-U.odilu- 	i 	110 ilus 	t " ' , 'I4tr~9uluu , irg 
deb,. 

Vdt ont . 0.67 17 O14 103 0.46 28 

,00c 	d 3,&) 23 007 151 0.36 30 

'hind 0.65 281 0.03 194 3,32 32 

'ourth 0.53 24 0.02 920 0023 33 



f re3 ' c s 

1« _____L___ 

3 1'Qr U Liven v"luo of :' 2\i uifl Ioanla o 

c nd 4i i croLcos, cwith the it cro ink; of  
.G . 

) L to.. iIri vaith vcry 1o' 	bohuvo uo if 

they uru uroly ro..if"tivo. 
3) or ci i ;iv 	..0 . \i i Iota for vorj 10 

vi Lluoc cf 	ni i i e -az co, uith ho in i . ,. — 

co oi 	. ra-4cl4.3.n,; a  	n-i 4oa c oao- iai 

c L" i1 a 2uzUt-c • I, rea:. +Q of 

4) i1 occur nco o.& u i,;um i.: , j hirtc. 
to::srlo hi,dh r s..].uwz of : , i1Gh Cao 
na- ,O x:..(3 Oa ' ~z ' 

►) 	:.'or 	iviri u, chi 	►i i c1ocrc .o iiUi 

tho iz + rc ac o of . iLfl1 :o a j ivau .: it 

incrou~u& uith tho i s ;ro"sr of {.C» 

1) '1 i z:&& nitulo or 7o incroc coz, tiith the 

ifQr)a o of , for u ; ivon C, •kilo it 

docrow o cinch '.- i3 inera"o of 	for a 
6i Y crt «i • 

2) :, or Iaro v 1uaci of . k z U tho eurvo for 
iffuro.at v; .ur a of .,C' j, togi to coi wo No. 

3} 	O u cdocro..rco;: , uith tho Inci-o o of LI,, 
for u LIivan 	j whilo it incrocs ' itb 
tbo ltincra - n of 	for t t tVn A* 



0• x 

Tho variation of ?i r,:uc# Pi uith 1 tn4 

imilar to that o ' No awl C)o . 	Valuo 

cif ' i is 1o{3or than 	\o, €1hilo 	P'1 arcs tai,-hor 

than cb o, for r ;Ivan kC ant t. 

G.1)  

it 13 (.fl uac•. ,)tO; p,o~;cduro to .juUUo tho 

rurtuoo 11owt trz.z a 'or coon `ic..c~nt;u (h. cn2 hit uo 

n.,tcnt in tho 4;)3; :atatioL D of ix,riory io heat flt . 

in tho "bovo utuliw tho out:.idio n iaoido ..urCo 

hotA tr nz or uooiCtciont uo a 	 t to b ooniu~►t 

of v auoo 3.5 .:n1 3..5 J :u/. a «f ./CrR= rcwp ctivol1. 

oaovor t is 13Otico thco :ro not Ctricti j coax ;wit 

ni r,,. ottzoo v r v1tbi i tiido ltDttzi, cJ; 'i117 tho 

't8i to Lurf .co co- 'z ictont (1i). &nco for moeo 

pZ oei3O oaz ~Jutatlo s It tc rcc uiroi to ttrtz qu ntit~. 
tivolj tho offoct of tho vri hone of 'ho' and 'hi' 

on thoco thorraI yctoz functions. Jobii on (74) haw 

una1;r od this problcsi aith tica11y taking Ti Lei, 

un 

 

u Inc Lion of tuu3 di n. io 10 moluli . iOvovor, 

ho did not otus3; t. o cfLt of °" : ;o uu.~t ► ;o 1 "t 
trxnzfor cof 'i 4ic: tc on the dr1.vin6 point Aancticnz. 

houo Yhuvo now 1 uon &nvo ,ti toa for a l the throo 

i►ot of thornal 	notions, u 	nction, of 



:1 (v .uo 	nCin j from 0.1  to 20) i.n1 tG (va1u:~a~ 

r z ;jna from 0.1 to 230 ) for a ran o of curfaxi 
cooffizionts of pr ctic . impo nc© (var3inC 1r 
0*6 to 1), A As those foria l Lo nuibor of f,.miiy 
of curvoo only a fog typioa.1 ourvou htivo boon prof nt;►d 
hox'o. Thoso inolu. o to vt.1iaou of ::: viz. * 1.0, nI 20 
for vuluoo of It vur,'incrom. 0,61 to 20. in one cot tho' 
'pow Iopt conutant ut 35 and 'hj' vur±od (0.5, 1.5 &un 
5.0) an i In unotho r Lio.t 'hi' ua f izod 	1.3  znc1 'be' 
vcriod (1.3, 3.5 and 13). 	,ho ro~u:1tc of ' oL.o Sty ,io:; 

o prooen,tod &ru is lly in i.'i-o. (G.13 thr3uh 6.!!1). 
ThotGh tho ,,o ,ato of ourvo; oloar1' brine; out th3 of tout 

or -urn`°zoo rocialt: neo Lnl on thor .;:1 unctioo, the 

bro l concluLionc trim uro cu .r ; ri..o:l baio :, 

1) 	h3 i arlucnco of ourfcc boat trc icfor 

cooff i::i :nt 3 , on the thcro 1 o;, oto:i £unz- 
tiona do;)Ynaa upon the 	i ". vi uas of 
a given buildin, olont. .pactiont iitb 
mall 	ni aro ffoetod to a r ator 
extent than thoo of iith 1 4 U 	n,J z 1. 
For t ifforont builainj sootionc havinj tho 
ZLZt 	, but of . ifforont A U the iffact of 
ho a t hi will be .iifrorr nt. Thoir 
influonao on t1 i;rr 1 L w&to functions, is 

not ci, nitioant for cootiono with 1- r o ' ' . 
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^) ..xc apt for thin c o tioa (which h vo small 

'kct uoll cu Al) the infuonco of the varic.- 
0 

ti.ot of ' 	1 11 an . 	Lam`cnd of 'h1'  

Is not initiCnt, T o L-q5o urO mnu1uctcod. 

Gro"tiy by 'he' whilo '/L4i uro influertcod 

t hi  * cons idozab1y * 

3) For thin soctjorio if--rOW3o or ha  intro"rosTo 
e3j '' t1U4 do:: 'o#, .io& 4n inL 4-. , 
the thcrvu.o of 'Iai UO 	 IO 7, <o  uflI `1r/ 

n1 in roases 

4) or uny tv.tn v"iuo of 	 or 1..r,ro ) 

both 'h0' r;..n..L ' bi * h v con:i erub10 +'Fact 
on tho tr :n ; fer tunotiin.c ( T C LOP ) • 
Inora a of 'h0' i.nc eases ?'L  
(Pi, wizurar s inrasiu of 'hi' 1ocro s3s 7` 

us well 	P. . 
or b'.1ii Ii_n .;o ttoa t ith 1c.r 3 Ii n.1 oven 

ith c: u 1 	viz., t ►u1utinC; cutoriuls, 

' ho+ LnU 'hi ll  have no r 1nific ^nt effect on 

thort1 s;,y:3to3 'U.netions. 
6) 	'or c b ildin suction with a ivon 	nd 

a CIVLn 'hO' and •hj' , klwill be 	iian 
for a p rticuL r rouiL t nco . or either 
increas o or docro so of tho ro i;)tLncv from 

this of*isuum ?\t jilt -Iocraaao. This optic 

iii racist nco dopone s upon the CCA vatue.. 



r  

ror hi$ cr v 1.uez of fl this 	rill aLto 

be h1, 1: r. ;0'or 4.~ ;3.vun ' :, the occur,.,z :o 
of muria of \l. . h ttr toth ' 'ø thø i000r 
ro:;I., tLt co t jtt tho i*zcraatto of 'l Q 4,:a 

rail a 'b 1. 
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? .1 	_tr+a u_t_on 

In the proviouo chapter (G) thor aal 

functiona `or ho *ronoouu o sctructtons woro iao ►St 
w:rith* I uovo. , i tructur . c.i.o!ontii uoc1 in coot or 
thg pa gout dray bu .idtnGc aro oo o3ito (multi.

layero4) . chOao conpo3ito conctruction3 may conoiot 

Of two or r oro lI,Yos-W of ho OOncO= r torir►lc in 

porfoct thcsl l contact* Thom cn also 'bo a 1a o 

nuwhor of co ibinztion of luyor: mAo of different 

typos of matoriulo n1 thic o coo. In orior' to 

prodict tho tbor l bahiviour of ouch structural 

olctiontO, the thoria1 ftinctiono of u M• ido ran o of 

co pooito constructions that are oozi3only iot with 

in buildin , practice arc required. 

Tho typo and thic2tnoo3 of ouch layer and 

the order of arroCouont affect the the r +l bah .riour 

of com ot~ito oloncnts under poriodic heat floor con1i1. 

tionc.. Ucrzco to cu 10 the most officiont uao o ` the 
nou ao wo31 as cc ontional ...torialo, individually or 

In co bint:tivn, tho influence . of the typo and 3oc Lion 



*93; 

of the iriiiviiu . luyorD, on tho ov3r l thorn . 

1un+tion iu to be knoYn. 

4rtical methods develop by MccIrey n, 
`ri t (75) are complex wwon for homo encouz matoriale 

L&I become much more so for composite constructions* 
other m. thcmatical methods also developed by akhlovor 
( 2) "',riot (fl p no doixbt, lesson the c of -e tical 

bur4ont, but still are unwieldy. The matrix me hod (24) 

is more convenient, but when tho nu rber of layers is 
more th-.n two, &141 computation bocorae3 iniructic 
airl a digital coiputor will be rocuirod,, oopcilly 
when the decz, font fuotoro of intividua1 1ayors ono 
also require) to be is terminod. in contrast $ the 
:1octr3.oal i,nalo ,uo methodrt uiroa only a fen more 

meauromont: of the tomperaturo amplitudes. on phi.ao 
lug, an 1 m at junction points of different 1nyero • 
typical composite construction an2 its equivalent net. 
work repre . entatian is zown In Fig. (7.1). The junc 
tion points at which teuperaturo anii phaoe measurements 
are mf ' e are Lndi to i therein. For the repreeenta-. 
Lion of the coo io: ite element on tho oloctr'iocl not- 
cork, tho number o 1 p0 employed for each layer ware 
cho3en accorLine, to the recomenthitions made in 
Chuptor 4, The procedure, for the doterninLtion of the 
thermal transfer uml driving point functions, is the 
sao as that toUowoi for ho oeneous m tcrials (dos« 
cribo 1 in Chapter 3) . 
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o thzrz1. docccnt fctoraof i ivi- 

Gu ] ujQr. uo J obt&.not from tho roc:5urcacut W of 

ca)1ttu10 	t icm« For cxcip10 for u four 1r yor 

co 	ito o10 t (~►hcon Lri rir,* 7,1) thi + acrc nt 

Fuotor of tho Inlivi: uc1 3.a3ror3 t uy rritton Buz, 

t03 	 t1 

t0a 	 too 

;&ho ovor r 1]. c a rc t i £tor (ioa. tr :Gfcr functicn) 

of tho uholo buiLiin ; olouo it it thon obtuinci b r tho 

product of u11 tho oorozont factors of in 1ividwil 

lu7o o. tiorteo 7ti 7j 	 )i is 1ivon cis~ 

,-0 	( \OLPO)( 1/4t)( T LO2)(A3/'3)c )/4) 

.e rc tho arinctp1oa of voctor cu1tiplicr tion, uo Got 

Ai = Av z 	 x 	4 	.. on. 
and 0 i = (Po + (P1 + 	,, çb 3 + 	,• (3) 

1 o ovor .1 tr z.to. n,,l drivirw, ; -~iat 

Nmetio: o for c largo ntuiibor of co3utto ca::,truc- 
tivno uoro iotcriainoi for fun ,c cnt~.1 	th.::::j i1i,12or 

b r adicm, c,nl ci-J"l .y. 	ouo u10 t Uith ' U' v: 1UC3 

cro tvon in i xni,t (ii) a.,b10 (1 to 6) uith 



% 3.00 a 

illurtrativo 1iatrio I or tho .,L.o of o vc•nloneo 

tho abovo data is c rrcinco, in c ifc oront croui in 
acao nco ui.tb thoir Iunutiorutl wo in a bui1 i .. 

it i; toll kno,n that surVuco bout tri.nz3- 

for caxff.1ciont vary tith th i ifoIit1&t.ioA of tho 

curt :co (i.o. vortii 1 and hortntu1 ourt..eoD will 

huvo difforont vzluoo) ,. 4nco no .fir eciso ,Iota an 

thoso v riatioio is avkAl ablo,, it in tho co on  
pr cttoo to trot thoa au oc ual for mort built in4, 

calculations* 	.th this ai plit;tin  a urL1pion, tho 

data (in i1 pon ii it'), for a cIvQn con3truatiofl wool 

, o a Loll t ay be uot, without un uo ora or oithcr  
for roof or toy uulla. 

Thu 	hoat truxicfor cootfiiont 3 

u;o1 in tho dotorQin- tio1 of th. tho I Emotiona 

o 

i) "car oxtorna7. bu lai ; o1conta 
= 35 Bt' /;jq.ft./Ilr/Or' 

h1= 1.5 0r 	17 	t rt 

and 	II) For intorn 1 structural oiomsnts 

ho 	1*5 TO,,tu/.,goft./ ir/ ~ j` 

hi 1,5 if 	0 a 

?or tho L;ro n floor -hi is Whon +ta 1.5 un1 tho 
othor vurf"co (ut , dipti of 23 incboo) .io ammmd 
to bo ut u co ~:.t a►t tc: ?or; t o.. 7bI; ussua Lion 



is baocz an ozpori ntu1 ovidonCo (GO). 

F'or th3 calcal ticn or thor is ] roziztunco 
(f) cncl thorual cap ,oity (C) of individual layora,, 

tho .vort,;o valuo3 of tho physical p opxrtios of tho 

toil listed in ib10 i, of tjprniiz ill tro 
uooL. At o= in Lion or tho thcr a.i1 function 1ntuz 

ctv'n in 4ppondi IV bi ingu ort tho fo o i.m ,; pointy. 

'\ 0 Wn1 (p 0 mainly doronci up ► tho t ipo 

of the material &n thicmo o of tho, uplcr coot layer. 
It t3 ? c 1 .yor .ia thicL the proao1i 1 z/oro bavo no 
influenco on t&om. .:bori donu ctoI'iu13 b vin!; 1cro 
thocu1 t boor )t ion cootfioiont 'p' C f 	for 

a 
tho top layer, Ao ufli b lo3c uni c 0 will be 

bib ubi10 tho rovorzm is true for ii 1t rio3. t innu- 

luting, ri torio1z (' tl small 'p'). 

Uith tho incroaco of thin cneuc of tho to 

1 yor1, o 	docroc; oo :, 	r c o lncroawoo (olithtly), 
for donoo na.toriu1 , ihilo 0 incroaao3 rnd 0 o 

doc~aao.:o for inculutint Autort.i1 . For hiChor fro-- 

q onoior~, \o docroaoos rn1 q,0  inaro os, =n4 this 

is coz'o for do no ctoridlu than for It&ht uoigbt 

mstorials u•of o-n a top 1u~ror. Tha vuriatiorw of Acs 

r :f (Po ero not 1:.x,;o for 1ifforont donao cotoriL 1Q 
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as top layor (fundrcnta3. >N# varied from 0*6 to 

0475 and 4'o varicl From '10 to 3)) i'hi1a the 

variation botmon donne ann. . nsu3.attn 	toriaL Is 

quite 1:. go (fend nt 	?o varied from 0.6 to 

3,95 i.nd O # varied from 1# to 330), If tho 

iaoulutin;j 3y  or forzo tho top luyor, the phao 3,tc 

m1OO will. be gory law (1 or 1#o), thoroaQ, . f 
Oven a thin layer of a ono aatoriu1 itt o a pluator 

(t hteh is u u .11' be the came) i placo2 ubovc it, 

4# i ro .:;ac pto 39 to : '  , hilo there is no 

a,pjrocicblo ch; o in )\o. Zntornn.iuto floc: a and 

partition vali.o #te . vh#ro the sur ace boat trunafer 
co,fticionto arc #q ►t (i.#., h# )ii) aro of don: o 

riutcri .aa, 2\o oni 4o vary within narrowlitaito 

(funl onta1 ? # cruried frou 	to 0.45 =3 (A 

varied from 250 to 300), 
r 

s 	AL ` ~i ~  Mitt orn-U 

ha auinitudo of 2 I. and 	i in trntn1P 

datortiinod by the inner oort 1ay#r (ac the tact flow 

4irootlan is froc inolUe to outaido) . `,''he ro aro 

influcnced by tho ty1,o of material an l thteknoo of 

the inaido ],L rar in the aono r zmor as the top layer 
of faate A # an l 0 #. ? i in u1iays Lobror than  

tho ca 'ra p=Nnr t 7 o and i t ► gro ntor thun the 

crrroQpo.cim, 4)o. ' ez' moat o' the cznvontiono, 
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types of atrt.icturoj. oloaonts (Bricicn, 3tono , c3n3roto 
etc.) A i variod within nz.rro limito,, i*0., C).42 to 
0.52 for fundu ontal. € it i inouiutin layoru on tho 
.inner side this v:Arief from 0*7 to 0.94, dapcn1in, 
upon the typo of the innulatin1 itoriti. and its 
thte tnoas, 

For partitions and intoreadiuto floors 
i 	i will be equal to Ao /-4o as both uur 

facob Caro interior Dflak Wt huvo o taal nurf;.co +coofti-
ciont& (i.e., b0 

# ,3'  2\i cnl2 0 l r v3 tho ovorall docro„' 
EZCrtt factor cLnl phuoo la.. of the ontiro cuapo3tto 
oloz ont, t OL All dopond upon tho nature of all the 
layorz. It is further notoU that thoDo QuantitiOL 
( 2\1 and 0i) arc affected, not only by  the typo  of 
the material3 and thielrnooe of the in2ividuul 3u, orc., 
but also on the urr4ncr ont of thaLo lu rorc (i.e., tho 
ardor or the It yorc vic ro in the direct ion of host 

Fo,r the c€ l3po ito con itructionc ctudiod, 
tho fun i ontal ?\i  Varied Sroo 03 to 0.5 ror con... 
vont5.ona1 typoo (i.e., c 	inutior a of bricit, concrete, 
otono, cite, of liftoront thic1nozson) tmd 0 i v rind 



2,8 

% 3.043 

£raa 50o to 82O. .kith tho .nclui3ion of in u1 utinr, 

3. Toro 2t dooroaao conoldorab1y (a low ua 0.00f ) 
ovor n for auu 11or ovor all thiclmor z. 

A study of all tho faator3, that affect 

Al cnd 01 and the doorosnont factors of in3tvi . 
dual le yera,, vi.11 provido an 3na i. t of tho mochan1cm 
of ha;at i1ov thrQ ICh oc paaito cono truotinnu UndQr 
pork dia vari.tiono. Thoco tsoro otu4tod nrt: the 
rozultc a.ro Gi\on in Tab1oa (7.1 through `,.G). 
iioCtU3iOfl, of tho abovo rccultc, fo11a r ; in tho nort 
Lou p oo. 

sad` #~h 	C,r►nris 4 	tP I hn Xn- 1, { 4rf:  

In this, a study of the offoct at loez tion 

of a highly incu 1L tin1. ciatorial (ehorc oco1o) ear: out or, 

cidetlo ant innor lay€ r an.1 also on otthor wido, in 

oozabination with a donov iatortcl (c:oru roto) has boon 

nau.o o he doaromont f actozrz of the tnsu1ttn luy ra 

am l, the oanoroto l yor aro ivcn In x blo (7.1) , 

alor~L with the trun for na 1rivinj point tunotiona. 

It it coon frame the tablo, that QLtri-» 

butin ; tho incuictina layora on both :, idea of a 11O fl 

natori,.al 4 ivoU tea 3ctoot T i cn I 	, Lncc.3o 1ue 

( 	i) . 3t1t in thin crop will bo + uito hi(;h. 
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ho foxt boDt urrrn ;o2=nit i3 obt itz o1 by placizi € U 

the thtultion on the o~ torna ,Ado, uhoro both At 

z .L 7 i uro oufficiontly low. The lest c want- 
LOOur3 t u7 off` ut living an In .ul.LtInC layer is to U3O 

It n.:; an ini 4o layer, If tho =vin taste is to prevent 

the entry of orternil boat¢ into the onolosuro (for hot 

cli too) . 1i the other hjnd f if the izitn probloz ire 

to zm4intain hih,.r indoor air tom rat1roa unm proven-

tion of hot to o a &&or cold clir atoc) placin;; tho 

in$UILtin;; lujor on the inner si to will be moat 

a4vcntaCeoua , 

X1 tb:j in;,Ul~ tin ; t3rlul i2 bcko1 by r 

dcnao m tcrial th3 4'owrecent factor ( T) of the 

inoigc-tin., l crp 	 L"41L, itly j vhcro"o tlsu 
ph o la nlo in2rou oe cones uorably. 9hon the 

danLo nzEto..- h1 i;f backed by an inzul"t inG 1iyor the 
docroaont Factor ( ) of the donao r itorial incronsoo 

cor aidorably, but the phaco lv.; ; antlo incrocaon only 

ialibt7.y. .'or various po.aiblo err gcrento, the 

roLto:-t &apinc occurs ul on lu or: with small ' -' 

(Inculutth a"toriil.o) altornuto oath logora of lar o 
' p' (ao i o uatoriulo) . In a two 1.jor str;icturo, -:lion. 

a layer tit a larjo 'p' is ply c3 in~irso the tr, iofor 
anJ internal driving point function.; trIl1 be l rNor,, 
thouj,b the oxtorn l eurraco to,3aorot1 oa trill be Mach 

bigboor, than for tho rovor:~o or,  lor, 
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" .( 	Pec 	b 	:s 	ij nc orn nt 

in tho above study it was tow that 

.p1cina inDulttion on the ox .ernal aiao uill provide 

mazinuzi advantaCa. The deeromont factor of the inau.. 

sating layer dopond, upon the typo of f or on tCh 
it it placed. The affect of the bicking layer on the 
docromont factor of the I u3.uti! ; lcyr was z tu:'.iod. 
For thi pur -~o o a 3 inch thick Th roe o]lc + a:: tckon 

the ou zi.3a 1uyer cnd the Collo iin wore uzcl a 
bG.ea►1n ; ler3 ~++ 

i. Thin ixbwa toz cement bet. 

 r& 	teri :1c . :oncroto an:1 brick* 

3. 	£: oul itini, materit. lc .- formed concrete and 

cicti bor. 
bo roe ult:; ".,-a uon in T4blo (7.2). Thoso indicate 

th4..t the daQra nt 'c etor and ptuoe lag acro.,r- a top 

lns uL:tiz , luyor , 	erably affeete1 by 'rho type 

and this nc i o th3 bckii . layer. WIth bc.3c?U .x 
mutorluls, are of d?en o type (1,.rco p value) the 
t ,oeromont factor of the incu "tine layor 4ecreaoo3 
ana phaco lug inereujol to a largo extent. On the 

other hs nd with r "torialu hav►in arnull p v luo, ? 

incroac,a: co=i lerubly but not the phaso i s ( 	) . 

7*7 	'G +ate 	3ou*n11ria 1uy►rL __oa_the ,fneioaoK1 ; 

Cavit, va l un. zandwitch panel 4:on:.tr cti :n: 
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which cnaloLa 4i' 4pucoz t+ro Co1irt,(,; into 11130 In 

bu dinZ prnot ico of this country# In order to 
+dotori tno the offoct of the boun 1tri .uyoro on the 
d&aping ncroov the air spaco boun1oid by di.fforont 
typos or xr torO, tho decromont Factors and thor l 
fwictlouo Toro dotorniuc1 sith itf,foront bouudinG 
l"Vora . ho: o "ro riven in Table ('7.3). It cn bo 
zoou that tho JocrJz3znt factor an phuuc la acro03 
On air paco ar3 affocto4 to 41 oortsidorablo ortont 
by the innor lc.yar only but not by tho outer ono* 
If the innor luyor i tt thin hoot like, Gl s pano, 
jaalvonii o. iron shoot, and ply ooi shoot, practice lly 
no tihaC 1uL; 1.: intro4uo1 ucro the air upac3. If 
the bac U ,; 1.:yor .iL of doneo a: toriai lf.ro brick 
or ooxcroto; uufficiuntly lr, ;o ppuoa 1u; ngloe (of 
tho oraor of 200 to 230) aro intro1ucod. If tho 

tnoulatinj c3atorialu fo= the backing layor, the 

doc.zrccont f~..cttir acroao tho air paoo la innroa*od 
(? 	1c ineror od) and only . nll ph", lur, onto 
(60 or co) rouult€ r 

The air opaco offoctu tho docronont factor 

of the front bowti1n. layor u: voraoly (i.e., A intro .. 

soi) but ineroc oz itn phaao laS (by 10 to 

' 48 	1. aLL oQ h% iJo ctioj 

It ua3 pointed out cantor that the 
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Q T ngOfsont of the 1rtyors3 Lm1 their order (in the 

direction of boat fioft) influence the overall thorn. l 
bozautour of the etruotural olo nt. This effect €• 

ituuio4. The rozulto,, &ivon in 'ablo (1,4), clearly 

illuctrato thia offcct on the t-r:inrfor stet drivin, 

point functions. If, in ,ul .tinG layorc are also inclu. 

dad the XiXIUi m 2fr OCCU -;LOn tho Jonao mato,iab 

are ueod on the inner oi1o. The docromont factors of 

the donua i tvriul.o effect a4vor "oly when tho are 

used as thocutQr 1 3r3, 

It io L.Uo iat01} .otins, to A.is ., for as Ci ron 

co ,r3oitQ o..4 .ruction, if the c .r:actio:i of the h9ut 

fio: ij rovor :o1, ho:i the Coore :opt r.-ators of in vi- 

dual layorz and the over L L1 thormal t tione uro 

affootcd* '",'his hua boon ctu :icC for a h& It a dozen 
t;rpoo of conotructiono ant the ro ulte arc Given to 

Table (7.5). It ire apparent that uith tho rovoroal 
or the host fioo tUractiona (i.e., 'ror: inaldo to out- 

•~i :o) for any ,Giv.0 con tructiong th ov.)raid. tranctor 
function will b .r ro;.Iuo^d by L rtio of bey /h1 ant the 

phaeo t n8lo 1S► not ultoreo;i 3U.~t CAzi in the caeo of 

hoIO ;Cnooua olo nt&. ? i i 1otor than the c:orros. 

ponuinz 2,0  irhilo 0/i iL, hij;h .;r than (Po. The 

bacUinj layora h...vo con; i ,crablu influunoo on. the 
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Z  214 

f%'. T. , v• ..,.. n 	''i  

3.5 

xtorving T`. ua far ntc rnal 
Type of 	' point Function I ?unction'.)rivinj point 

Construction 	l 	 ' 	' £VaflCti01 
I 	 t 

1. j" 	1az t°r - 4" brick 3.778 1.159 0.722 
+ 1' 1-1. 	+ 	; t' p1 .: ar -0 170 750 13° 

. ' '~ nla tor + 4,11 brick A ' of . 3.750 ).0!:O ' .77'' 
IN 2 	F.L» '° p1A; ter 	' ~p x 	;. 210 04° 

3.  " p1u 	.er + 4;; `' brick T LIOJ s '.763 0.U4?  0.322 
+'14" F.C, + U 	Plustor -r. 220 1200 w2'° 

4.  j" plan ter + 4' brick. .1o.3. 3.734 0.)85 0.921 
+ Ic' T.c • 	+ 11, 	.t :3 ra - 	a,~ 21 (77,) 180 

6, 1uctor + 4" acne a ;o1 •  0.770 0.113 0.782  
'+ W' ... 	 '~1 	D -~ ,~T~ 	. 330 330 .40 

o 'r" 	1a to 2' dons* Aiio;1. 0.312 0.136 0,719 
E.on° . 	,1 	21, 	.., f . 	+ 	' -~  ~r~, ♦ 200 600 140 

1. j'  1aGtor t in F.. + q 	ty 1. ).900 0.122 0.57 
" brie 	+ .; ' p Ato: 16° 340. 30 

3. "" ,71;x; tsar + 3" /,;.  + 0.934 0.)73 0.822 4;~." brick 	' p1uctor `q) r,j. 12° 1000 23° 

3. Via" pl+ stu2 + 4" P.G. + 7o1. 0.960 0.034 0.533 
4"" brick 	j" )1.:at -q a,r ;, 70 128 27° 

4.: In p1aato* + 1" .C. . 0.034 0003 0.570 4111 brick + ?; " p1 cr -~:>r; « 10° 0)° 240 

6+ .I" ?1izter 	2' I' .0. 	+ 0,912 3.036 0.573 
4" dunce comes + 	','' - 	4 	,, 14 940 360 

6. ;" 1t&: + 2" Tai 	►• 7,010 0.119 0.57.1 
2" <I3n o conc, W-tt -cp. 	 a 71 63° 326 

:' • r. r 	il~2 te'i colcr3to ",1 «+: • 	Lhomocol u p 	~Uactor 
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id 
. ,t i.. 	 11 1 '_1' il_.t..? . ,tALr0 v TpiL 

ho 3$ 
b1.5 

t tt r10 trot out 	IORt Plot: from 

	

.~. ' 	"type of 	' €~ ~ 	U do, 	t 
ea.:; trucUUcn 	' t . )rivin 'a runafor ' Int «Ρi►riu. '.icvorz3e 

	

} 	 ' 	point " ;unction ' point ' rcn for 
'function ' 	'Function '.'unction 

	

t 	 r 	 r 	 r 

1. ". ri 	p + 0" brick + A 1od . 0. ?4 0+ ~ 1R8 0.60/ 0 0.053 
p j M 11

~y 

0 113° 0 33 13.30 

20 " p + 	w" b i cc + A 11al. ). 737 0.047 0/ •322 .023 

fit 	s 	^~ t~ 	p — 0 	. 2 3 1200 340 1200 

s " 	+ 4" + A lJoa . 710 0.113 0.782 0.048 

4 • 1" 	+ 1" + • 1j . 0.034  0#046 0.570 0.021  
, 4briek R .W0  34° Y ~ 

C. 1" 	t 3" 	z 71od. 1 *034 O.)39 0.511 0.010 
board + ~' `." b:i,kC -4 .:r g • 130 1060 340 106 
+ 	" 

0. 6" oandz tong + 0" 71o1. 0.634 0#047 0.43) 1.030 
brtct f 	" p - q «r . 130 1700 2 1700 

7, 3" lime cone* + 44' 7 i p*4.  0s733 0,200 0.422 0.036 

♦  p  7 0 31° 730 

3, -02, " b ickti10 + 3" A; ~rl 	* 0,644  0.037 1.490 04II.~~037 

lime Come, 

''y' 	

4 ` 	4.Yi 	M 20° 3.24 0 270 +~. 	o 

brick + v 'T 

.WAMM 

p = p1i Gtor F.C. = Foufld concxoto 'J.. Dome concrete 
~'iicr;sc►colo 	..oiniorccd c zant concroto 
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+saran nt tz.otorO of t u inlividUal lcyor uhilo front 

layors bavo no inftuanco (vio o4 in t c . iroction of 
hoot flow)* Tho docrcmQnt factor of tho ► o luyor IQ 
not :,, o for oithor dtroatioio of hoot fiou.t' in a 

tho c1cor000nt factoro for tho ouao lt4or iz 1o:jcr, d;Ion 

tho bout i'lout froi inoido to uut,iuu, 	for tho 

condition, of bout 2 o i from oui:J to insi1o, if all 

tho lu.yora aro of 2on3o autoriola. Ir the inoulatin . 
:oyoro ro U. ,a► prooant thu doornt £.::tor of tho 

lky'or loautod in froit (rio od in "aa ..i..roctio:i of bout 
Y1oo) uli kayo hi ,boz v luoQ. 

7.10 

tt !ac noto.1 ou~1ior that a ;.ivon lnyr. r ui .l 

hvo iiItorout dc! ing t ropertio i~poniin upon Its 

pooitiun with ro puct to otbo~: 1"jor~ . In order to 

obtain, a bott:r ur cr:►tundiu3 of thz b.;huviour of 

41fforont trpoo of luyoro, n:i affooto 1 b7 thoir loco. 

tion, the docromont footorz Vero UctQr4nad for a fot 

t jjou of matorialo, with .iifforont locutions. Th000 
arc ,.1von in Soblo (7.6). It i. Ql3 ...r £rom tho above 
data, that tho iii z o t L yor or a combination of 
tvo or _o a 1,ror ► (in t10 	or .or) io not affoctud 

lad tha luyoro pl,_e-:J abovo .Iho. (Ycir i ;z t f1crJ from 
out&ido to inoido) . ai tho oti r 	the inner 

lays 4. 	fioct tho docro rent £ccto: o! t2to ucpor 1a:R r 
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to ra coum:idorubio oxtont. 

£or 	p] o, a 4- , in. brick wail iono hack 

a docromant factor C T) of 0.447 and phuso i . :, n io 

or Mo. dhon it. i a pi az t+ rod ii ido ( inch) , ? is 

docrocttrt to U.445 rang 	i inuyi'"Lt3 to 350. Thaso 
v luoa did not ch n i -uhun ; u2itiuirni p1..utar o ; other 
loycru r re .uccd on tho oitornul 4,i4©. :"rat when 
UdiitiOflhil. tfl3ULtiOfl layors , ru plucu:s on the innor 
iri4 tho \ for tho brick notion L. invruurl to 0.739 

c d c 13 in.: ruazod to 41° • !tb. r r utCii.:41s awo 

bohw 'od si Uc.ir. 

7.it 	 f 	- rionc .. . 
~_i aryr Mr iei4.~~►s~ 

hou,,Ih th: t.X\ir ,n,L .Livira~; 1)oint rasp:- 
tion tutu. Given in 	3n11 (IV) c av ;r .-toit of the 
co only usc co poity` conz;tructio-as, ti, -faro c„dn be 
many nor eombint*uon pok.-nibio. ~.ny* nu.: upQctfic 
Cabo viii h4vc to bu L►Cu.iud r.Xrch, i roovor, the 
phyticui propertiou 1 a ho u turiuls uouA in tho. e 
studico arc avora v;.~lu:a:, only. Tro v : ir~tion in 
thoir propirtioo 	_' c :;o b,; ui:count : I for. *;pia 
.a7 bo ; 1 and ,f i.c -4 by :iu wriinin ; t.hi- i;,4uivai3nt ho: o- 

L encoun L~j.l~J lyl ctiunf I 1zi1h hu:; L• o 43+1.fl.. docrG cnt 

k...1 or 	_ 	ml ph A- u 1,4;; ( 	1) ..~! 	of the c+ .po- 
:•itu co::.tructi .n. "he t..0 	rz;.►1 r^, --rtioz 
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.naty. sc arY to doterr ino the equivalent hor o eneo w 
com:truotion are 

i) equivalent tberai1 rouiit tce l (oq) 
and 11? equivalent thermal c citcnco C (cq) 
ho equivlont r i t .ico to obt~.tned ui pl' by 

Lrl,Ain , ull the roL,i.~tzncef of the irrUvi iu it layoro 

i.e.! 	 ekoy and Jricht (16) have given . 
empirical rol atir Ior h3 dotorninLtion oV the oqul-
v..;:.ont (kpa)(oq) far porio:1'ic ho,,t flow con .itions. 
wtc cart (73) p intea out at It is r iff icult to 
ewt~'blich licuitc for the onpiria _i oquations dorivod  

by ctoy tnc1 , ri t. Zuck c yor (77) hwi also &rtvo1 
c$u;atioas for oquivaicn.t capacity brick uull,, based on 
K.rit. -irt3 oquutiono (73) for free coolinc of ctruc--
turo (tranoiont re3ponso) . Mofbc: ror (70) has dorive 

oqu.tion s for huts' vclu a tin& for nulti1Lyerod conk.► 
tructiorw wtd rcl :to.i it -rith Bruc fiver' c oquivnlont 
capacity brick wall. Tho oquiValent (1W) oq M honoo 

0 
the cquivalon.t (e) eq cn be obt;4ned from the co 
equwtionss 

Tho oz tot #a.ivunttq o of thc;,•o equivalent 

I1 1 kcfOoua t qand Jjq #^ that the ;yam .-ot of 
c3urtC or to  al ,tnctiun- arc:p,.►rc.; foi, !io o4,onoOua 
Uo .: truetivn ,, ivon in huitQ G. :...n L uti ..t :o . for 

obtcinin ; th000 tune+,io sa for wzi 	 nst- c- 
tivu ' uhatoror b z thy: n u...bor! t7pj &it ol, or of the 
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l ors9 

l 	 b hlovor (2 8) juottonod tho validity of 

thoo otiotx'ical roiution € and do btod the possibility 
of hcr1n an equivalent ho onooui co struotion, which 
will under all oircuiatanooa, have tho ons o 	iptnt 
and Dhas0 shift. 

latthOUL' thoLo rnothod yiald tippr'oxtt o 

VA1U0 tho y uro ;north th3 effort a:, tho«r onablo a 
quto cat thtioi. of :all the thor l functions an 
pi=ovi ?- , on-r, i lutiona, pr1oviUod th .nothc 	u1opto 
for tho i:zlculution of the cq,uivalont tX., aro rol Lble, 

ucuy nd .IrlCht havo oi:oakod tkz vali ity 
c : :;hoir c:. _ 3 ripe I rol-tion ► by ccip; rit tho docroiont 
factor. i for 	 i only  onI withthe r n lytf or 
aoluationa. A a th pL).vloala hoa; Clow char ictoriatica 
of a builiinb olo-mcnt aro doaoribod by a not of th;oo 
tbarzal tunct .ona, tho val city or the equivalent .bolo- 
=ooua computational Lotho1n, ahou.id also be ohoc1ad 

for the driving point tunctiona. This ohoc has boon 

Ctrs o for 10 typo of compoaitc conatruetiona oovorinC 
l uro limo of con7fontio•ial ani i'kd.-ul34inG iiatori l . 
ho o4uiv Qnt it an c : for thouo constructions r:zro 
caleulat3i both bj 'Vl acs ©y and a r1 ht and Dime uyor, 
oquationa. Tho thorzial functioiio or road from the 
roa ooti ctharto (8ivon in Chapter 6) . Tho;o t ro 
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eomg4ro 1 uitb tho corm iponiinj, functio.fa dotor.ainad 

by tho tino.1.ouo ciothoct, LS u further chook those 
thermal funotiono were comj utod by iatrtK iaothod ul6o. 
in the matri otho1 tho ovora »l trunsiiiosion r r t ix  

in obtr .inflt by tho n trixc . uittplication of the trano.. 
for t "trico& or the in ' .v .chu .i lL yvrz v in tho or i.or of 
hot t].o Arcc ion. ho tranccos funutiorin and the 
drivi.nL; point 'unctiomu . ru . otcr,.zinc with the oquu- 
tion ivon in -4pponlit (i L.) . 	is i' u . ul S obtained 
by thu cbova 	 ur 	t :o:3 ; + : o cOzId- -.:;I in .'.,b3.o (7.?) . 
fro thc- tbL It .; n 	n .hut t hu +miAlouo Lan.i 
iictei.;> v luou cir,1'c.C3 clozoly, uz +f3.3?o tCi: . 	ioTJJvor, 
rcault8 obtained by :i c& y .end '*Iriht otio r o 
only a proXimat0 un: r z a uwAful oxaLy sits 1ior of 
d n&o r .ttrials. Thu :L vIL.tio,AQ +)Uca,: a too lz ri o 
e3pocic .y in 	1"t ~: ; 1~+ ..trn i ;,ult►tin, luyurB 
use prosont Ln- the ;z3thc bcco 	unriliblo. 
ruy 	(7'?) o-ju.,t L a:. "l-o Ut c nay c nol l ool for 

coopo4ite co: L:truction3 v:xti.ch iZJluia iaLuulutin,; 
r ,~tcriUs . a'ron tho o u iou it i i ,pwcnt that i o 
pointol out by h %lov .r ( 3) it iw not ;:il,.rayc ;toQciblo 
to obtain " c uivalcnt rono , <icouo ;;3mtruetiui1, jhich 
,iv.) CIO ::,: r the r al W ?t3.3 t'unctio_Y : if r ~ :a- 
4to bail'in;; 3lc .:nt un 	ll  



0.740 13 0.710 10 0.744 17 0.733 13 
0.123 10 0.7125 102 3.123 113 3.133 no 
0.530 24 4.44 25 0,501 23 0.622 23 

0.035 11 0.011 11 0.77 10 0.731 12 
0.170 03 0.3135 73 0.173 73 0.170 76 
0.025 19 0.603 10 0.433 22 0,0C4 20 

0.730 16 0.603 16 0.635 18 0.G2 16 
0.050 IS) 0.035 I') 0.04? 170 0.05 10 
0.400 34 0.430 25 0.430 3 0.438 27 

0.740 15 0.743 15 4.733 13 4.719 13 
0.175 34 0.170 24 0.3 78 0.124 70 
0.535 24 0O520 24 0.489 28 3.500 23 

0.350 a 0.820 2 0.839 U 0.355 11 
0.031 2i3 0.050 125 0.0 115 0.03 124 
0.070 16 0.100 16 0.699 33 0.673 21 

3.073 7 0.910 6 0.763 22 4.738 20 
0.027 155 0.056 E3 0.047 127 0.040 132 
0.740 3.5 0.E0 11 0.822 32 0.112 20 

0.333 7 0.80 0 0.0 10 0.033 0 
0.037 137 0.013 130 0.043 so 0.343 37 
0.753 3 0.393 la 0.670 34 0.533 32 

0.830 5 0.380 7 0.838 1. 0.959 1 
0.023 10 4.005 235 0,.031 69 0.034 63 
0.799 11 0.73) 13 0.3 39 0.50 29 

0.860 13 0.021 5 0.021 13 0.813 15 
0.02 32-' 0.014 130 0.043 65 0.041 63 
0or33 0 0.03 10 0.753 32 0,753 33. 

3.000 2 0.03 3 0.034 2 0,8!.2 2 
0.187 14 0.135 23 0.193 21. 0.3.93 m 
0.010 13 0.?G3 8 0.€ M e 0.C5 9 

7. 1" p ¢ 1" T.C. + 9~# 
B. 	tl 1? 

8. 20 T.C. + ' ).C. 

e. chi D.3. + 2' 2.0. 
27 J.o 

10. ,S":. be-t' 1 C1,'ia 
fi •n Tau. 

1.  
p 

2. 3"+2"u_ 
0 34 1 

d. 31 L.C. + 4" 
I" )) 

6. fit! p 'i 4 Y' B. + 40 

am 

• 

.3 
bi = 1.5 

3o f 	` 	po or 	f tx 1 ° 	iz'i 	t f 	'0I'zn11.c► 	f 	il' 	; I13thod 
00.1 	CO33tmatlOn 	fa ' tco! p3 	i  

f 	 f~ f r.~  i L SI j e 	12j. 	f 	4U 	£Z'[J. 
 

I 	 ItIC3 f 	lus 	in dos' be 	°in c1oli f 	lua 	'in 1oG i has 	yin dos. 
I 	 f f 	I f 	i 	! 	f 	f i 

p1cst 	p6r•x. 	PIYLt,vd D.C. = no cmeoto L.' • Limo concr tk ULL. -z ..o1f 1sor.c 1 bi'1ek 

O.3tC• a k:Sq...►n:1ed u1u3 ccncrnt3 V.C. 	 Qs^1tcaoto 3. ' brick ti. r- 13in ral vool 
s.t;. =Thor = 10 a.C. 	b atos cczisnt. 
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r)* . 	 flcX.2U 

C1 nptoru 6 uxii 7 dad with tho trrnafc•r and 

driving, point tunctionn of a 1r ro nutabor or  con 

b r. ]hin o1c onto (hczo ,onooua and c . o3 ito) dich  
p ~ovido r quick coano of eonprin tho it ton al 

off ioi toioa. Critoria for tho choice of a buiidth 

CXL)a--nOnt 0)U7 cQ-noist of ii) .ow I V v:.J.uo , 

(ii) Lou tranofar function ( A i) v luo, ant (iii) Lour 

tatorn . drivin point tror £w etion ( 7i).  wach 

L c] oico will roz ult in louor coolin;, to z for uir 

cor*iitionin uni b: ttor tborindl bohc:viour of uncod iw 

titan 	xuiidin a For 	,u tttz tivo o: tiQation, of 
tho indoor z it tozi or, turn, boro duo oiiosanco h j to 

bo o do for fluctuations of cituato ni varLtions in 

doci,,n a ca. pututianal r otho x n tho abovo .1ata iu 

r'oquLrod. 

athcuctica1 Qathoda hr vo boon s'ovol+op1 by 
+'. nco y (2 s) 4 h! lovor (2Q) 	2ciiwtt (7). i-unoy hu.; 
chow thut tho t 	tto _ 1 troatr ont of vt,n Qore (23) 
could bo ofton4o to a couj loco bui ' in; w .Motor c:n 

:"rr tt, b ' app3yiri to yziboltc Cu1oulu toot.-Ail u; ,j 
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havo clovolopod a tho10 for tha o tic Lion of indoor 

air to 1poraturoE of unconiitionnod buildin,3o. But 

tho3o a ptit tionr pr000duros ore quito involved and 
tiro aoumin. Electrical actaioiuo tochaiquas have 

.uo boon ox.pioyod (48, 80) for the iotorr3intion of 

indoor air tonporatwwee * In thot;o raethode, the room 

with eli its structural c o a ontr, iac s ulatod on 

the anc.o ;uo oazlei, coupled with propor r ictivo and 

comv'octi ro nos .ot ncoo at the inner r surface i . The 

nott?Grk iiith all tho .inputs provi oci by apociully 
4oai nod fiction &onoratoru at various boun aricc 

bQco o CO1piOX o oreontaliy and oconomiec llyt no 

such no uorr arr nCo nt is illu tratcd in Fie # (81). 

ator di u .dv taGa of tlts no thoi is that any c.-?oc.i. 

tie v ri tion In any one tictor had to be ropro ontod 

on the an o4uo and studiod ast, raboly. inco one 
coos across, quit* a large nu or of individual 
variations of cli Sato and deoijn, such a method of 

analogue roprosontation to not foa*ibio to attain 
ganoralised. solutions and Basra simpler and moro 

fiorthto methods are to be ,road at. 

A computational nath©d utilisinC the (pr o- 

thbulatott) wial o, ;ue transfer and drivin,; .point func. 

tions to j ivon hero. As buildin. s c ro rub joctod to 

periodic tan, or:.~turo uld. 3ol4r rc4iation, tho indoor 

air to iporaturo variations of onclo uroa are also 
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poriotc. iozo can be roprezonto3 by P ourior 

oortos. 

tt 	' 	p t ~t 	+ 	tiff 2  

Dotovzirution .f t1 ('T") conL4Gt3 of tue parts 

vi., (i) dotornin..tioA of the Gto 	ctuto tozipora. 
turn C tl, (c -. an) ) and(ii) tlio 1otorzainution of 

the harmonicc COO1OfltD, 

The z toaay e Cato bout fb i ( :; a at n) 

t,brouh any builctir% conioncnt 'I:# duo to t Q t . - 
,po«' atux o " fr os ciooc bet 'oon the ien x; 01-UX5" tx 
pruturo ( t L( -►) ) 	the con imloor air 
tc raturo t tir ( ) ) i , c 1 *1ute4 iron the 

Oquu4iOfl (; ) 

.{t k(z cn) - ti(mm)J..(2) 

thorn Ujt is the ctoudy otc to over all thermal 
trt nrzio eion coefficient of the a builai% o10 nt in 
t3tuq;.f t./iLr/0`• '.; to the Uroa of the oz ,o cd 
our co of the bui Lif,, vlozxnt in .. ,. `t • ho total 

otccir ut tl heat fltri into tho intorior of a buil-
1in, throu ;h "11 eztorior boun1in13 , a f"Cou is 

Obt3iaut1 by the aum- : t;ion of L,U the Individuall 
quwntitioc cn is orpi o jsed by 

8.2 
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0 

4aj {t k( 2OW) 

~W 	tir~(Ma:.n)l 	.. (3) 

In order to satiofy the •3te dye otato heut b an ,o 

conditions of the omc10 ►uro, thv not hoot gzAins of 

the oncio3uro the id be zero i ..a w, the tot ii heat 

&; 

 

in.z or the onc10 uro uhould be equal to the total 

heat loo from it. :tt heat in tIrou~,h venti-

lation und inturnal uourcoa aro also proent y their 

stot&dj of ate eonperzent3 arc to be r ddeI to the tote. 

bout ,Gains of the onclo uro. Then the equation (3) 

boeomas 

(r m ) U i {tau k(ion) -  

+ 	w( oz n) + 	 I. (4) 

Aceotdin to the condtti)ne for boat balance the 

Q ( 'mean ) i to be cquatod to icro. ` Ton we Let 

Uk t' 	{tsa '( 	) - tja (aoan)} + 	xa ~ 

+ U(Moun)  0  ,. (5) 

Thi& iv es the ø 4n in c c ar sir teiporaturo as 

t j (me ) Uk 

'S (G)  
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83 

The riatt atop .a to dotorino the funda.ii 

nontol and high3r her snires of the indoor c it 

pov4turo variations, which ro ult from the harroato 

heat tlo" thro h all the heundint olceento i This 

can he aolvod in twoStops, viz1, (i) ealcultion 

of th r heat flux entorin the anclo uro through oath 

olonont duo to the ;;cal-+sir toc ,ioruturu varii tiono of 

the oxpoaaU s;urfeeoo and. (ii) c culution of the 

amount of heat flux aboorbod by each internal our -

taco duo to indoor air toz era turn h~►rmonic varies. 

tion with unit Lripli ado, for the fun aciental nd 
hihor har -)nico.:. 

i) 	The s inm oir, uI heat flux tranumit tol into 

the oncloia..l 3p co throe h any oxp000d olcz ont it 

can be c it Mutes p if the transfer admitt:.:nco Vic. 

tion s iLt Ic knit, by the ac}uatiort 

t() 	a 	yin 	.. (73 

whore t cu+ 	to the n th . h.,rznociic catiponon t of the 
sol~►uir to3 yrLturo of the alcci nt h 

inFs is the tranafor iciLttuno of the ix th 
harmonic for the oacia olonont k 

is the nxpaood urtt co uroa or the 
o .oznt It. 
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t an -Z 	pro veetori a . 4t tit1a thtb co 
a pro ed In polar co-ordin,:4to form 'far 

t8Lfl /- ! , Y;3 r 	~i, k 	r 	ct ivoly . 

Tho tat &, nouns or bout flux ontwwo,! ire o -the 
onc1o3o space tUhAU tho oxpozed r .eaea ts, 
for any h rrmonic, Ic obtainedd by cumtin of 11 
the ir1ivi ;ua1 quuntitto of heat flux to.,  

Sol-air t po 4turo v ri.4tion4 vrili bo :iifforant 

for dtftorort co fl nto of a .iii. in (l ,. a . row`, 
v ..8 $ door, ir. low oto.) ovon thou tho oat;if e 

air t rperuturo io tho zamo, ;;cmcu thoir huruonie 

c rii o ent c wlil alto hr wo : iftorm t o 1ltu is a antI 

dos * h.4 umatiox t th hart flux gees.tiou 
in equut ion (8) are to b3 earriod out 	c plo 
r1iitionc, If any intorrul porioJic ko8t uourao or 

heat flow duo to vo ti utton ire proont, the h- 

zaaric co onoatc of thoIr haQt flux ure to bo a1dod 

to the corro ondirsj, harms n.ic heat flux ontering 

through 411 tho oxpoied o1cmcnts to obtain the over 

all, hazt flux ont3rin the nclo uro. "hi tny bo 

+ 	rr) +nv(''T) «  

it) 	This heat £2uz reccIvo°-M In th' rc =r 



uili pro iueO c toper"taro v% rlution of the iarloor 

air.the corm pon ing 1 urmo a variationof 

tho in1c,or uir tom raturo be t,i , This 	oUo 

tooporaturo v ri"t1.on of tho Indoor air, will in 

turn in uoo harmonic heat flw t. in all the intox'ior 

uur `ucoi, inoluI.inG they partitions, furniture ato. 

The quantity of heat flux ubmorbod, at the tneido 

curtuoo by +coq buildin oiamont it can be o: ou. 

lated. if tho intornl G rL1?inZ point aiciitt'-Mco tune. 

tioi .r 	iz wok . The equation rot in tho .Ao 

qucnt . U o3 is 1;ivo t by 

T 	ti 	 1W.(10) 

iho total bout 'lux ub; or bod by all the intoner 

t~ f"coo of the cnclozuro its than obtuinc1 by 

nuiition of tho is-:~iv:iivaai auntitio; . 	biss is 
oxproo8od as 

4— 	 __ 
	 F--- 

T 	 to "k it 4 4 (11) 

Since all the intorior L-urfacos are in contact uitb 

the z o air, tho drivinG tctiporturo t1.. will 

be uamo for &11  ourf cco:~ , r n t tho a: uat ion (11) +c ufi 

be initton au 

= t ion 

is con ition for hoat balance tbo .i nice be 

oatiDftad for ouch h_Ar aoUi.c # the total &ount of 
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heat flux trLnCmittc8 ii tc tho nciu.,u o i rn1 t 4t-

emitted by tbo intoru 1 )orioall or  o, ho,,aid be 
o ua1 to the total beat fluz t orbal by all the 

interior curt caa This Means 

i t T 	-- , ( 'T ) 
i 

1000) 	tv tk :' 	Zip# t s + `nv tj 	' ` i 
to (13) 

ThQn ti  is obtained as 

L ink 

Thus for obt; ini #i tj , tr"n4 or iuiittsnoe f"uamt .ozna 

t. 2 intorr~.l Urivin ; ,dirt :l..ittaiacQ £unctionr aro 

roc tzirc l,► 	c_n be obtained from : ,Q trns 'ir cn4 

drivin point fictions (czlituior 3c, riutzt c:1 phAc e 

ug anlula of tewp 'c turo,) by the f oi.10 in6 re1...tiora 

hi )L 	 0. (15) 

0 hj (1 -X~ ) 	.. (16) 

Dr coibinin the sstuU;; otato to peraturo nd the bar ► 

.Honk co-ndonont 	tip.: 1~ iurtor oz uution for the p ,it).tio 

.inloor tir tozper atUrUQ of a p onc] uro can be obwaino~t 

tia(T ) a ga(misu ) + I tt,c cob( 1 ' 	) ,(l?) 

tai za rnoth.c 1 the o tho moor air t o pora- 
taro v riations in .orc of thu tt ru 	'ctezi functian , 



'U' vulue and tho So ...uir tcaportur'oa . isny r. un..,os 
in tho buil lin o ononto can be incorpor"ted in the 
cJcu1 ,tion8 t kirm; 1tS CDrro spofkng • U I V&J uo and 
tt orz1 ;;atom function, while ch roi in ciim; .tic and 
other f.~ctori3 Xiko oz iontation,, surf :co tzoatmont:s otc, 
c n ulao bo it :orporr tc4 by corroaportiin ; cht-n oz in 
z of-fir tooporaturo. in this method the Z li.+ltion 
oxehan ;oo botweo* tho interior aurftocs i:ro not s ops» 
a atoly conaidorod. !o x rt co 000ffiionto 'oro tc1en 
au the rob altQflt or r .aiativt aa. zowweotivo trawfor 
Co) 'fieiaftO fll1 tho ho it is ii .boctly trrwnoforro1 to 
the room air, fro= the intorior &urn'"eoi 

To chock the roliubiiity oY this Qotho1, the 
predicted to tporaturoG traro oompuroa with the nodol 
Mocsura onto of uncoy (25) . itincoy hw ucod two 
rrmodoi.0 Ci? + m s my one with ho, vy structural of 
scants .Like brio t, un1 (ii) u timber onowith liGht 
structural parts o, 7 boo noColi 'Nora atzb joctod te tho 
same oterna1 air to oraturo variation, The inziiJo 
air tc3pQaturec uoro t urod and coQputod by 1LLtriz 
iiothol* The 	r:.ioul roar- tto of the Aatoriulu of 
th modal are Livon in .4ubi.o (3.1). The ' U' valuer, 
c nd the thoi.oLl tr4 ru for 4-n , irivint; jx int  unctio w 
of the : "torialo u:r0i dot;Jr:i nod by tl unalOCuo uro 
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* f 	t lI .]'a '7 :'• _ ~t'i`i 1^Yt• 	 4 •rI. 	wT f 	!t 

1atori 	 R 	 P 
• 

Drick 	- 8.13 120 0.20 

,► 	Concroto 1 M3 1w 0.e23 

• 7 i tbo r 1. a 53. 0.1: 0 

• ''1 	t td 1. sJ 0.30 

• :lino al 	ooL 0.25 12 :) *?O 

. 	C no I'ibro Jourd 0,43 30 3.30 

0 	Gls 	s 7.3 155 0.19 

'hernial. co . ctivi ty In L tu.1rt/ ''t21 }ir,F 
Don :it r in Lb/Pts 

up..otttc heat in Dtu/L$.0.' 
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0 

, iv in hi.oblo (3.2 oni 8.3) for tho two me ~olc 

rozpoctivoly. L oil the :ix ai €os t oro oz sc . to the 

r.no air toipozottuo + yc1o, the ton iz ido air tc 

ercturo of tho ciOdo2M will be + qu i to tho roan out~i o 
air tonporaturo. 

i.e., 	tia(Z o3n) = toa(3 n) 

The hoot flux ontortn;; tho toio1 throa,,h Oath oxtoric. 

olot nt tuo to ortorn3l tc3 r"tutu v_lrlutiono, for tlxo 

cfunda inta1 un . thr .Fj hi;, hor harzonic too c. .oulutod 

tro the oqut t ion (6) . ji.: given in co1u, ,i, ' ,.' of tblo:., 
(8.4 und 8.5) . Tho root r iux "bzorbe& by uz:ch intorn"l 

surfLioe ,por unit :1itu;i vrtuticri of intwr1 air 
tooporaturo for tea Lun.lt.....:.s ntal utri tbr a h1 ,h:~r 11lrmo- 

nice vcro aluo c::1cu1~tc . frc.j t::za c urutio: (0) ai 

Civcn in co1uw.:nu '1 ' oL tho n:.no tb1c3 (0.4 .na 3.5). 

c ►u -Ai-3n of t-1. , i 3ma g in co3u. ' }' will ai'VO the 
total boat tluz cntorin ; tho mo;1o1 

and the uzxtin of all the iont in column 'Ii' trill 

Vivo the totes' hoot flu:: ub,-,orbcd by uli intoner 

f :can of the nodol for unit unili wuio harno-iic viria-
tion of inai,to air to- poruturo 

1.0., 	in 	~ r~ 

if th:, r c i1tu L in..3o,r uiA. t : nurutuvo v3 i .tion iiaa- 

z.n rp1ituUc ti 	than ;,h) totU Iw"t tluz ubzorbe4 
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r 

R 

0t1I 	17.,1.111- 

h0 2.5 
-.-1 	 . r": 	'rt f®r 	 Jr1viflg 

	

. 'Coc ponont' U ' io-  	*...~ 	x° u 	„~.~ 
110 + 	 'va1 ao' nio' Uodu1 zt I r1' q? 	~ atS' -  

1. 2" brick 0.056 132 0.122 40 
u2 r 	.l 

 
0.013 162 0.091 38 

0.735 H 0.038 230 0.016 36 
fl4 0.035 2;18 0.D69 34 

2. 2" conorote P 0.046 130 0.100 44 
root 8 0.016 164 0.016 40 

0.760 113 0.137 208 0.062 40 
U. 0.004 223 0.053 38 

3. 1" tinber P 0.038 124 0.333 30 
Floor hha 0.034 154 0.233 32 

0.473 113 0.314 234 0.240 39 
0.31:3 30 

4. 20 brick P .. .. 0.13 40 
partition rig, .10 , . 0.100 33 
wall 	0.596 i1.- .. .. 0.030 36 

U4 . ,. .. 0.0723 34 

6. 1/16" 0.398 18 0 333 30 
uirtivo,-r 11,, 0.522 34 0.333 36 

lZ ).434 44 0.253 46 
:C 3.338 63 0.218 54 
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:ii. Pfl:1 , Tti:1,, ..T1,} 1*  

110 z2,$ 

z'i 
s COQ!onantl U tmo- t t4s. s  r 

1o, ' 	ry ,uo sni0 'fladul 	' i t-' 	o.hz .ur 	f. 
$in ti 	 $in  dim- 

1, 1/8" ,lyt: 	fl 0.062 120 0,600 36 
+ 1" t 	rier 	. A2 0.023 168 3.422 44 
wool + 	3' 0.186 3.3 0.)09 234 0.322 43 
plywoodd oaf.µ 114 0.004 204 0.274 50 

2,  2" Cana ribro P 3.065 120 0.511 28 
boar . root 2 0.025 1GS o 	P.2 14 

0:277 H3 0,.014 224 0.318 24 
H4 3.011 243 0.356 24 

3 • 1/311  ply Trod F 3.334 20 0.339 16 
floor 0.. 4€L+ 32 O,35 2 3 

0.877 III O42.2. 42 0.312 34  
114 J b356 CO 0,230 40 

4. " t 3 bar P. 0.066 140 0.366 30 
tr 	o U 0.021 196 0.319 30 

0.424 113  0,007 224 0.272 23 
i4 0.034 246 0.244 26 

6. 3J16" P 4.e ? 18 0.334 20 
'►laso• Hp 0.522 34 0.330 36 
'thc o w 	3.00 Z) f 0.433 44 0.256 46 

L 0.367 62 0.218 CA 
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bJl 	M~~ 	~' 	Sytr!u 14bCealu~t~aU 	1 	!!~ O;i,+l 1~'dul~ !! 	Ai6i„ull;tti~~, 

w► 	1 	!i 	~ 	► 	,~ 	~ 	1 	 ;a 	1 	11 

) 	 i tt ~i 	11uI~~~V ~~}!i z ~~ FAir(I. /~i~ mv- ~i 	j i6 ~ I 

1 	I 	I 	1 	1 

1. 2” hr11a11 	O3.Qe 	11071+ aSan .O 23 I00 	12,10+J~►r5 .0►a%+aa.Q V►2o+j0 	4&7104037 1a0s010,03 
9.3 og►ft, 

20 1" t9nbor floor 	»O.CO.jO ?1220 7000+'1«06 	gilozjoO 	74vJ1►$ 	.1JO►4z 	?,9+J13 	wO,)+,%1 	$r14~'iloa 
7#1 Ogoft. 

34 2" a ncroto rr38 	•Q► 04*310 9►23+j0►70 	.Q16-10,46 	0►37iJ0►4 	O ,p3+JO, l 	40t+J4►4A 	1►D9Cr+~a(J 	9e53J► 
7.1 c ft 

/I(f" AWO Unu 	113 	L353? ►3? 	1s'O40»JOI73 	+O,'0 	0475 	 u► a')► 2 
17 cq►ft► 

8. 2" bx~C:t t4U (p tiUUc) 	►sr 	5.35j41 	416 	8117aj0136 	#4► 	GrC0 JJ)40 	e,, 	6i47~~4►~', 
4►0 aq►ft, 

Tot 	goat Pio 	t 	0. ' ►j$«02 	78+14.Q 

fl* 

39►03013061 

TI 

0037 .j09 9 40 

340L-O304130► 0 /V O.70 L"t~Q~' ' 33. 	/O341 0.70 L° 4►I0 Lt~1' 0ofd 40 +01 31►Z L' ' 

faarpo aturo 	ituuo 	00037 ~~°301 	0.027 L3°18" 	 Mal k0,° i' 	0►4X « 	" 



i?1 x  
i 	 i 	 i 	 r 	r 

10 VU1 	+ 11 a9val *9a? 1Da 	4a4)+l$«99 	•9a176-10aG 	.0940 	a8+2.O5 	Oel? ~ 9a 	4WW'J+N109 
Mot + Vol p1yua 	11c 
5a0 Cgaft. 

2. Vol p1iiGod floor 	0au)w, la r 	0470+J1►2 	.2O81U 	7030+j1.0 	7.c:+1.$5 	UO ol+',a01 0a +J14 i0 
706 0gafta 

3► 11 c no f1 o Ca'd ro 	 646~41a9U ..1Q+ 1Q3 7000+j1,I9 oaQO;I0,01 Oa00+Jpa6s0 
7a6 9~a Cr 

$* 1'" t1C1bor from 	•.2U 	,3+8U 	 80+9015 •Da0U.Q 1 3!90+19490 4401030JI4017 3470tJO0OD 
309 Moot! 

9a Vie' (aDt~ uindob 	1a96JO 48 	1►C~7+j)►37 	1►q0 +JIa70 	109 '~aa 	O15 j0►10 1407+19► 	Qa40 -loa 	u410~'~'O►Q9 
107 aq~Rt~ 

POEM 10 t 1 G I 	Qa72oJ3~5fl 	210 ?+J?►22 	4 1-,3x49 292j7. p 	3.98 -13.62 L07tJO58 	2#86 øJ3460 SO 	"64" 

aG3 LI-40,21 22,73 ~ 	 26«92 4012, 5496 L4101 27►$ 4092$ 4161 • ° ' o L ~' 

To ~ara~ ra & p1itdo 0.28 1 	9 42 0a29 ~aG2° 0a19 Lp a14 L0311  
aft 	100, 

11361 
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will be 

tian E k f ink 

To Outiaf1 tho boat b 1 Qo °za°cxti°n tho ain or colu in  

and the product of ti a U the ti . of the column r l r 

s rind be o1 or °aeh h3raonio. 
--~ <— ~- 

Than;In t fl 

hi 3 ;ivo . tip 

The ter . \,n114 will 1 ro the c r plii 1 a of the honic 
toQporuturc v,. *iat1e ...a4-(ee e,') Civot tho pb o lag. 
By dividtn, ti tote i i,_4 eolunn 'Z' by tho totLl of 
c°xuzrn 'D' £02 c : uJ h-A.,ei,rLic, the ciplitudo unU *pharo of 
the indc r a .r to ra ro v:,ritxtion ure obtained. she 
czuplituzio i.nd ph4,-r eD Th the fci-L.mu t4i1 .4n.1 hi hor 
barutoni z, obtained by the above procedure Tiro alo° ,ri.v n 
in ublc (8.4 wt 0.5). The »'vurtor a uutiona of the 
iiti4o air tc m r aturo; for the rio o1 ay a obit tnc d as 

i) fli&ithi .  

ti(T) 24.05 + 1,14 Coo(La - ilt°) 
+ 0,J6 teas o" uC - 1000) 
1 0.09 w0:. (3 L-k - 210°) 
+ 0.02 : °;0 ur - 2U°) 

ii) 1 o3 

0.43 o 
+ 3.66 Can(3t.t - 	°) 
•" 0.20 ;os(4&t - 218°) 
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7 . ynthaj is ine tho above : vuriar equation , the tine 

toipor.ture V irLtions of the indoor toc poraturos too 
obtained zrri are compared uitb the inoacured und Matrix 
caloulr to riuot (zuneor) in Pi s . (8.2 orid 8.3) for 
i .azonry 	ixnbor idel re poetivoly. The t.~ne1oCuo 
,prodictod ro ►ulta founi to be in cio:.o iU;reamont with 
the &L tri t : J.culuto.i vaiuos than the ao urod anon, us3 
expected. '1ho loviutions tree the 10 uro:1 tompor'aturoo 
aro 2uo to the u unt1tjo 	do in theory u d are lo;~a 
i ni iw.. t, th, a what thoj u >pour to be, in via., of the 

f ,4 t h..t th,s .horw.;l r po& ti•)c of tlx: * utoriul.o could 
vur; botx oLn •Jilo li:aitc. Thu ; win :.,t:vaata o of this 
nothod is the f10 iibi21ty d o' of commt.. Lion. The 
affect or .,1uo 'v u f actor a -v% b,) orr, lu~tod c i th a. 
little i2*i1UnU effort. Th1L it ",Dlblo Loc: use it 
utili4ec a cot or thhrmal oy:jto.3 tuictioto, .bich hz vo 

been tabulr. tol for a l~.i 3 ntz bor of co . on1 j uacd 
:tructura. oloionto an J thojo trnafor functions are not 
affected by the external climatic voriutione, u& those 
are repo ,dont only on the frequency o1 the uava form, 
but not on the o ipiltudo. BBy dopt1ng tht procedure 
there Ic no need Lo ronro&ent the wu i?~~~ as 	holo 
on the , nalo uo notol n1 hence the onilrit:ontul part 

also i.s gory much rAmplif is 3 an- lows oX _nu ivo « This 
method Is parttcuLrly :3u.tted for onoraliccd doaign 
problo o, trhoro a quantit"tive t novIc16o of the irovo-
nont in the thernul efficiency versus oc-r onie factors, 
ae affoota bj : r zjIC;n v<<ri~ti :a :, is of Crort prautic:~..l 

1 



I. 

0----0 OUTSIDE 	AIR 	MEASURED  

0------0 O-UTSIDE 	AIR 	FOURIER 	SYNTHESISED 

INSIDE 	AIR 	EXPT.  

----♦ INSIDE 	AIR 	ANALOGUE 	PREDICTED  

' -•-•- INSIDE 	AIR 	MATRIX 	CALCULATED 

t 	 i 

1 	 I 

~ 1 

'T• ' 11 — — • = 	'jam 

\~ I 

8  16 24  32 40 48  56 60 

TIME - MINUTES 

COMPARISION OF INSIDE AIR TEMPERATURES OF MASONRY MODEL 
• -  FHG.8.2 
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32 
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24 
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16 

12 
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1 
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48 

44 

r 	G--O OUTSIDE AIR MEASURED 

@----4 OUTSIDE AIR FOURIER SYNTHESISED 

4C 
	

0--4 INSIDE AIR EXPT. 

S-----. INSIDE AIR ANALOGUE PREDICTED  

--- INSIDE AIR MATRIX CALCULATED 	j 

0 

TIME - MINUTES 

COMPARI SION OF INSIDE AI R TEMPERATURES OF TIMBER MODEL 
FIG. 8.3 
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iIç 

0.1 	tqttpn  

In the intt Chapter (3) it has been s mi 

that tho an1oio11y obtiinod, t -iornal uyo tot furtc-
tiorn data, for indiriduc.3. o1ciontu # cLn Biro tl r bo 
applio'i for the pro>~iction of Indoor air too raturoo 
with ro"conablo aoour .cy. The tr.: for and driving 
point function data ulao proviao a quic1t Ln:l roaltztic 
ostia toc of cooiing; lobo of the t brica for u .r-
conlitionoci bui1d1n, t..kinG the intornul 000 lto 
into account. 

The mothoi do eribod icy hi ,bly flotiblo. 
The offocto of QA,n7 i' ctor& , zuch co, the typo of 
r atorialc and their cor bin .tior , doui n toaturo&, 
oricntution ourt,.,00 colour trc ►t ntc, ro ional and 

aoaoonu1 clia.~tic vuriation, p rtitionus .incul6tion 

un-..i h1inG of roof', each,, tsiniouv ua3 vcntilution 

etc. on thornal ofticlonc , for both conditioned :;nd 
unconhtti-~nod buildtn c, n bo ov; iuuto .iith minimum 

effort. 
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a tOrJ typical upL,licatior 3 of the tr Lfor 
and driving point function dutu in GolVifl , tho ubovo 
nontionod problomrs ur+o iiluutru od in this thuptor. 

$ 	 ♦ r 	e 	 r w 	r vrs 	 s' 	x 

For ova luattnj the effect of orientation on 

the indoor oir to peraturo vari .t ion as room of dit 
niori 8)' $ 2 z 121 has boon Conni1orod (Pi. ..(u) 
Physical proportion and constants c o icon in Tablo 
9,3.. Tito doors uni vind 	;Aro al.uo consiciorod to be 
o .do of a construction which hav t o crmo U value and 
transfer and driving point functionc uu that of tho 
rut]...o . The aurfaoo ob. orption coofficicnt of tatl 

exterior nurfaaes xro t-- of us 0.5+ ihilo for the roof 
as 0.1. Uoof boioi fLt th.o oo1-air tom oruturoo of 
the roof will not be uffoctod by oriontc tion. TWO 
orientations one with lon.j uAla fr cunt a3t.daot and 
.nothor uitb ton wall o facing «,out .. orth hUVa boon 
con idorod The ox3plo h :n boos. vorkoi out for a 
pluco cituated ona 1~.titudo of 2 0U end for a typical 
au or any (Lgay 3.6th). For thoDo ponditSono M the aoi-
air to OrtLturOL -:'ore ca culatod • The col«air to:i 
poraturo curvoo obtained for roof, an wade Lire zho sn g 
in ri1. (0.2). Tho: o uaro hurzooiorally t nulyaod c 
their V"ourior oquutions are in 1ublo (0.2). 



80 Ft. -- 
I 

2O Ft. 

I. WALLS — 1/2 Plaster + 9" Brick + 1/2  Plaster 

2. ROOF — 3" Lime Concrete +4 R.0 .0 . -+I/2 Plaster 

3. FLOOR— I I/2"D.C. +3"L.C.+6 R.C.+2OSoil. 

4 HEIGHT:— 12 FT. 

ROOM CONSIDERED FOR THE ILLUSTRATIVE EXAMPLES 

C.-FOAMED CONC. 
C.-DENSE CONC. 
:.-THERMOCOLE 
:.-HARD CORE 
C.-LIME CONC. 

B -REINFORCED 	u; 
BRICK.  2 

FOR ORIENTATION 
FIG. 9.1 (a) 

WINDOW  (SHADED) 
/ 	6'x4'  

11 
+ 	— 24 Ft . 

aI~ 

1 
1 

12 Ft. 	o! 

Q i a;. 

1 11 tT~ 

DOOR 

	

- V- E-- RR - A - 	N 	D A 	H 

WINDOWS -I/8 Glass 

DOORS --Ilf2Tcokwood. 

I. WALLS — 1/2 Plaster + 9" Brick 1-112  Plaster 

2. ROOF —()3" Lime Concrete 4"R.C.C.+I/2'Plaster 
cuu)I/2~Plaster +2"F.C. +-4"R.C.C.+1/2" Plaster 

Uis)l" Plaster + l"T.C. +41 R  .B. + I/2' Plaster 

3 FLOOR— '/2 D.C. i-3'~L.C.+6"H.C. +•20" Soil 

4. HEIGHT— IO Ft. 

ROOM CONSIDERED FOR OTHER ILLUSTRATIVE EXAMPLES 
FIG. 91(b) 
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~:,{~.:Yi~Y.~RI;~..► t3 tfi"u i 4 IALti3 

'. 	t4atari4' 	a 	' 	a 
• e 

l* Bra 60OR 100 0.21 
2 P1tor 12.0 123 0.32 
3.  Teakwood 1.2 40 0.39 
4.  or co a 0.20 1 0.32 
5, Don o Coa rato B4O 120 0.21 
6. ro 	o 	Concreto 0.76 33 0025 
70 Lima Concrete 6.0 108 0,23 
S. turd Cora 7,) 110 3,20 
9.  -►aU 0.0 110 0*20 

10.  Oiaes 6.6 160 .16 

9 = Thermal. con uattvit:, in lJtu*1n/1 V'.Ilr.0P 
Q = 

 

Donsity In. Lb/1a 

n = 3 c , Ic boat in ftu/Lb.°~1 

r 
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Q 
0 

1 IL 

i1 	?ti0Fr+L4~ari  

M wl p~Ai~iY 

Iltr 
r 	 1 	 f 	 t 

10 Brick 6.3 100 0.21 
, Plaster 12.0 120 0,32 

3.  Tckto1 1.2 40 0.30 
4.  horn cote 0120 1 0.32 
6, !ox 	;.o 	roto 8..0 2.20 0121 
6.  ro 	►c 1 i.oncre to 0.75 30 0.25 
7.  Liar= Conerote 6.0 108 04.20 
a. U 	1 worn 7.:a 110 0.20 
9.  wail 000 110 0,20 

10.  C1a 6.6 160 +.16 

Thermal c oniuctivjtj in Utu.ln/~°t"#IIr.°i-' 
P = • onzity in Lb/Vt3 
o + ipeoific boat in "Jtuf Lb.Q2 
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04,7 

_ 	,. ) 
14 Plat Root 10Q►7 	¢ 4001 Cot (15 t • 1C4°) 	+ i3,9 Coo (30 t 8 	3°) 	+ 	1#7 Coo (45 t - 57°) + 2.5 C 0 (60 t • N45 ) 

5► Clot ~Jot1 03.1 	+ 17►3 Coo (15 t w 174) 	+ 10►8 Coo (30 t « 855°) 	0 	0.4 Coo (45t • 14°) + 363 Coo (60t 4 	54°) 

3. itot 	a11 05►1 	+ 59«0 Coo (15 t * 234°) 	+ 12,2 Coo (30 t * 103o) 	+ 10►b Coo (45 +1000 coo (03 t' 160) 

4« , 	tth doll oa (1st. 505°) 	+ 5►3 Coo (33 t M 	2°) 	+ 	5►0 Coo (45 t » 135) + 0.6 Cot (GOt. 2130) 

5, S1ortb 	o11 0814 	+ 14}8 Coo (15t'29 °) 	+ 0,4 coo (30 t .115°) 	+ 	2,2 Coo (45 t - u0°) + 106 Coo (40 t - 3370) 

a► b aQo ids Toopor tuc 	00►4 $ 10.1 Coo (1$t.240°) + 1►8 Coo (30 t • 10) 0 117 CO." (45 C' C pl 0 040 Co$ ((O t w 2 ) 

► i "4't 1' Ic '? i1 

14  at iloot 	57►2 	2913 Coo (10 t • 1C8°) + 1110 Coo (30 t » 13) + 0,3 COD (45 t a 170°) + 0$ Cot (CO t w 1700) 

2. 	t t11 03.8 • 1046 Coo (1st. 100°) 	a 4'►7 Coo (30 t .335°) + 8►0 CDC (43 t * 	30) ¢ 411 Cos (00 t .100) 

F►0 + 17►7 Coo (13t.2230) 	0 10,4 Coo (30t. 770) 	+ 5.5 Coo (43 t • 00°) * 5.4 Coo (GO t « 133°) 

4. +Joutb 1;011 05.0 + 30►4 Coo (15 t -100°) 	+ 4,0 Cot (O t » 131) 	+ 2,3 Coo (40 t M 	G°) + 1+5 CoD (60 t • 	O) 

84 G udo All ?oapor°t ro 55►4 	$ 11,4 Coo (15 t * 	') 	+ 1►7 Cop (0 t 0 43°) 	+ 0«3 Coc (45 t • 	) + 0►5 Coo (60 t .3470) 

0. North Us11 42.7 + 0►0 Coo (15 t » 009°) 	+ 3►5 Coo (30 t - °) 	+ 0.7 Co: (45 t • 1 	) o 0.5 COO (40 t « 2770) 

C► -'L "..- - wi of ._(I1t_1415) hn.a 

1. 	d a 	001 	00►8 	4 	13.6 	Cot (10 t • 2100) 	+ 6.8 	Cos (30 t • 3) 	+ 140 	Coo (48 t • 0)0) 4 0►0 Coo (30 t . X30) 

8. 	043 	001 	+ 	81►9 	Coa (10 t d 0070) 	+ 5.0 	Coo (30 t • 5°) 	+ 1►5 Coo (8i t • 75°) + 160 Coo (00 t . 40 	) 

31 	d ° 	0►5 	0►8 	0 	30►3 	Coo (10 t » 102°) 	+ 7►2 	Coo (30 t • 000) 	+ 1►o 	Coo (48 t • 33°) ¢ 4,0 Coo (60 t a 1670) 

4► 	d Q 	0►0 	100►4 	+ 	40s? 	Coo (15 t • '1910) 	+ 1744 	Coo (30 t a 5°) 	+ 2.0 	Co 	(45 t • 550) + 0.6 Con (GO t o 	) 
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Tho aUtai.o L.ri tnai10 E.ufuo3 .loorriciont j 
aro tt►; on us 3.3 . 1 1.3 5tu/.,q.Ft./'i.r/0j roopoctivoly. 
'ho '1'  valuca 	tho tr .nu for :,.fi dr1v1n , point Ud- 

c itt&nco fictions f..r tho cm11a, root cnfi floor arc 
3i 'on in Tub10 (0.3). .ho otoa it ct to c,nt, horn nic 
boat floe r3to , t row i o ;cb huildtrt olc=nt into tho 
iF oo Fini tho ho1..t a b:,Vvd7fViL'1{ ut tho Lwi to Lurfcc3 of 

all tho bouniin ; o1a: ante of tho aim, an.3 tho Qo :n root 

air toaaaruturo iin1 tho plitudcu of tho hraonio co. 
pononto, c ,ro ¼ coralnod by tho procuduro Lo outlino1 
in. t.huptor (cs) . xbo Pourior rop?o3ontctio.i of o 

indoor ir to oraturoD for tho tugoricnttiona ui'o 

CAven bolo 

ti.0 r 1 03.6 + 2.45 CoD (15 t + 2303 
$ 3.23 Kati (30 t + 197°) 
+ 0.07 Coc (43y4t + 1000) 
+ 0,03 CoD (+G ` A + 3330) 

t1 (T) 33.4 + 2.3 Cos (l8 ,L+ 27°) 
+ 0,2 	a (30*-t +310°) 
* ).1G C0o(45cLt +118°) 
+ 0.05 Cozi (GOA +3330) 

",rho hourly indoor air tonporaturo vhri•stion3 obtaina1 

r ro £h ::n in Fie. (0.3) . thin or lo ©loc rly dcoon. 
ctrc tors tho u vntijo of f cin the 1onr u,"lls in 

outh. oz th (oriontetion). Tho u9.v nta; a of this 
ori0ntation Vi .l b roo c irttod, for buildini3s;, trith  

S 
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E1O 4nC routs than tiith flat onco oigaoially for a 

tar, o lon'th to both ratio. 

For ovaluuting tho tbar l bohaviour of 
any but11iniG in di 'fomnt co ons* at any purticu1ir 
[;oo(.rn.)i i1 location$ a sin ; .o room structuro, shown 
in i'iC. (0.1(b) s7L consiiorc 1. Tho phyoioa1 prOiiortiQo 
of tho :a tori:11c arc (1von in Tablo (0*1) 	Tho O J' 
v,luoo ~►n-I tho trunafor Lianotiona a l drivinC, point 
u.: ittLnca of tho 8truturo1 olorianto ors ivcn in 
xab].o (0.3) • i t;r ,icul u=or dz ( y lGth) and o 
wintor der (:.ACC. 0, :c) havo boon tral:on. Thu orientation 
Io fixod as Louth. it ctin1owE uoro con~►idorod to bo 
eomplotu]4 rihadod £rc t • oun d no diroot a~olur ri4ia.. 
Lion ponotrutoo into the roof. The s;urfuco ub.orption 
Cuff icicrtt (1) of tho roof tiva tukon ao 0.7 and of thn 

ao 0.6. Tho oolm.air tornporaturon for tho roof, 
Wa11e, doorif cnl tiinc10 s have boon co.7putoJ fro tho 
clinatoloioa1 data and thoir ." ourior c+ uotiona arc 
Civan in A+.6blo (0.3). 

The Stood, atuto 	hc~Monio heat flo:; into 
the roc a through all ontornal f:dcin utruetur.il o1c-:onto 

ar:U tho h: raoniu host ab.:Ortition at the int-rnul .:urf. co 

for unit ,alituau vwx ition of inloor hurr anio t..miyosu- 

turn V  .a►tiooa, .ni uho : ; n indoor air ta: ,craturo L n. 



harzoic variations bavo boon dotoratnoa for both tho 

dam. .hair rourior o4uationo cro ;ivon bOlow. 

tiu(T) = 93.G + 4.3 Coo (13 t + 570) 
+ 0.55 Co(  3') t + 9330) 
+ ).05 oo(45 t +.l9J°) 
* 0.03 Coa(G3 t 4, l ay 

i t T 	615.2 + 'o3 3 3 
wo3(33 

t + 	ate) 
+ Q.4() t + 
+ 0.03 .oJ(4G t + 	630) 

3.0O oz (G3 t + 1200 ) 

The bourlg inloor 4r tc.aporcturu ups o►itt..nw.L from 

the o u .tianb .pro aha n in iG * (0.4) . 

 a 

It to intortin to t noo tho influonco of 
turfxioa colour of a b iilIin;; olo.:ont oxp000l to tho 
solar rc t .tion on indoor air toaporaturc:. ,such a 
s tu4q ri.11 proVido an indication of tho offoctivonoso 

of Ltftoront ourf co troL1to nto in ir.~roVin tho i oor 
thornal coriditiono. For this ,urpaca tho ago inlo 

room ctructuro Fi ;. (0.1 (b) o con sidorc . for n typi. 

cal iu az. r daj c-nd .youth ortontution. pour curfco 
absorption coofficion.to vie., 1.1 0.5, 0.? and +J.9, for 
.roof only ¶0t0 conui Aoroc2. The 5olair tociporaturo iiwo 
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forms of the rood` with tho3o four Durfaco ab;,orr~tion 
coofftcionts are drown in Fig. (9.5) 4 flare heat flow  

through all other building elements except the roof are,, 
the same is that of the zuoinor day,) In the previous 
example (2) . The fourior equations of tho indoor air 
tomporaturos obtained for those four variutionc of 
are given bolo. 

For o'•' = 0.1; 

tla(`r)= 07.2 + 2.6 :oa(15 t + 4a°) 
+ 0.32 4os(30 t +2 +242 ) 

+ 0.04 Coa(4 t +1 80) 
+ 0.02 4oa(6 t + 78 ) 

For d 	O,5 
t1 (T) T 	I.1 + 0 «23 Cos(3Q t +20Q0) 

+ 0.05 Cos(48 t +1.88) 
+ :.07 Cosy (G) t + 53) 

For For o( = 0.7 
tia(T) 938 + 4«3 Cos(l.G..t + °) 

+ 0.555 Cos (31 t +235) 
+ 0.05 Co.'(45 t +190) 
+ 0.03 Cos(60 t +]40) 

For 	0.9 
tia('f3= 94,9 + 6.0 Cos(15 t + 590) 

+ 0.67 o(30 t +235°) 
+ 0.06 Co(  45 t +7°) ) 
+ 0,07 COZ(GO t +1550) 

The hourly indoor air tc ~Moorature variations pro 
c lculutod cad comp ro in Fig. (9.6) 

It is clear from this study that highly 
rofloctive 4urf~:co finishes have a marice . influence in 
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roduoi ,, the inn: ooz' 4z' tasupor: tux'ori * 	ho diffuroncoo 

bot'voon t73 oxtrome oasos ° = 0 40 and 0.1 wa; noarly 
1.0°F, hick is a very ti xi scant reduction. The nzior 

port of the rt: uction is affected In tho otaody otto 
level (7,7?). 

ntoz'n4 naueoo Uko , artLiono and furniture, 

have thoriai eapueity anal hence a port of the heat that 
ontaro Into the root is ebuorbod by thorn to nc Ufy the 
.indoor air toperaturo. Tho a tgnitudo of tho reduction 

in indoor air to oraturo ill depend upon the internal 
driving point adittaneo function and c oa of th000 

internal n, aoz o ,o an illuotrativu oxamplo, the s # 
otn o roof utructuro taton In earlier oxuma lon (PLC* 
9.1(b) haL boon conoi.ioro i with the incluoio.i of a 
partition ill of 9" brickwith 1/2" pleetor on either 
aide cu oho by lotto 1 lines In the a o ti ;ura. This 
boing an intornu ,. ua l the aurf uco cuoff icionto on 

oithor oido can bo t an to be the 	The driving 

point 	trazzir niittr nco funs tion3 of the purtitioi 
wall ::ith this curtac:. cos 'ftcicnio till bo Ui ' or©nt 

tro that of the oxtornul. baunling wall thou,yh of zamo 
conxtruvtion. There vil1 be no cbr ngo in the moon indoor 

air to por turc rith an without the partition, uhilo tho 

aoplitu oo ; of harmonic cc anonto will be ro .;uced, °,'ho o 
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have boon determined ani the cozrpon4in , Fourier 
equation of the ii .00r air tex poratu: o is 1iven. bela. 

t (T) = 03.B + 3.62 Co (l5 t + ira 	+ 0. CoL (30 t + 23 ' 
t0.04Cas(40t+1900) 
+ ).O3 Con (t 0 t # 14 6) 

The hourly inJJoor utr tomper, turoD obtaina with and 

%.ithout t ±,) p rtitior c-ra co p roU In Fig. (0.7) 4 
hose indicate that tho ro-.:uetion in tos porature3 dtLO 
to tho addition of a partition (interru 1 mass) is not 
very jai ,nificznt in £ 1i buildint;3,, This may roach 
a st nificant v..:.uo for Zara bull ings with many 
internal walls Unto lar6or su •i`a :e areas. 

In or;or to find the uttoet of the typo of 
roof, on Ohs .moor uir tunporaturo of un; oaditio:xsd. 
bui1uin&~s, two typos of irt: ulatod roo ` wore co inider+ 
and coop rod uith the normal roof taken In the previous 

for the arc room under oinmt1.4r con .itionc. 
The two roa f con3idored arc U) 1/2" plaster +. 2" 
Fo zo&i concrete + et +Wirsforccd brick work + 1/2" 
plaster, ar l (ii) I" plLator + 1" thorinocole + 
hointorccd brick work + 1/211 p1ator. 

The physical pro ortioc of the materials 

and the 'U' v uoa and transfer drivinij point functions 
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are ivcn in Tablas (0.1, and 9.4) roz. ctivo1y. 
heat f1o' thrrough tba roof ont rri.ij tho room 	tho 
rut* of hart flux 6baurpt1crn at tbo interan.l ;curt aCQ 
of t i :so roof will bu Afferent while the root will be 
sc a as in th c. a of normal roof* Chu ro.,ult,utt 
indoor air tc zipQr; ture* are obLina1 # c nd their t ourier 
ootior are jtvon bolow. 

t ja ('T) 	01.7 + ::..t3 . oa (15 t + 430 ) 
7.3 	(3 	53O) 

+ 0.Q4 Coa(4 s  
+ 3.O ;Oz{v; t 

ttu 	T 	ç'),7 + 3.T Co (U3 t + 5O) 
; 	).22 ') t 2G) 
+ 3.03 Co3 (45 t +16') 
•• 	:.33 w01(01 t w.• 	°) 

The hourly in400r air t m ro.turez for thoue throe 
roof tipu}s are obtuinoi and comIz,re3 in F ic.. (9,3) . 
nnwulztlnj, the buil1ing, can-)oncata, e~poct.J.ly the 
roof gill i provo the 	oor thornal conditions, to 
ou u F 1orablo extent, but not as oftoctiva a:: surf k o 
treatments 

i 

it iM L .►io.1 , L 1r 41. G in 4vLr air Si►Ct+~4 i 1i.L L tii. Q 

of a roo ,will not only dopon4 upon the float flux 
racoivud t you h the t1Ui f briaa, but c, .au on 
vontiL t on r; to . ,)co +u:.o o tho t: a or .turn 4i `for.;n :oa 
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that oziut batmen the 1rduor ant. outd. or air heat is 
eitbo iUPpI1OJ to or ettractou :tx , the rooa, by the 
process of ventilation. The oxaot qu .ntity of boat 
transfer by the vont ution proco& s1eponda upon the 
vole to of the room n1 the rt to o Ventilc tion (number 
of air chu is o a or hour) . 

X o for to i11urtrato the cffuct of vontiw 
lci :ior. on the ir, ,o air to poraturo, ;k caa int ;le 
room trtcttiro talon i.c oarlior tz ploa 	0.1(b) 
ba i boon eoa idere,1. 4 . fa uto y « t"te and tho hrxaorie 
~com ron ntG of '..ho beat Flux received in the roo: by 
vorolution, lave been o41cu1 tod, for can teciimod vonti.~ 
luti on rate of 4 volume chume3 jar hour. The indoor 
air temp rot ro uronio vuri tioIss uro 4etornineJ 06 
outlino in Cl a for (s))« 'ho 4ouriar e; u tio u3 of tho 
indoor air to or4turou obtcziuo°l fo ►.iio con itlar0 of 
with and iithout v3nw .1 ation Caro ;;ivun b3low. 
1.  

t 	`r 	02.1 * 7. ia COB(16 t + 73°) 
+ il.52 C(30 t + 2600) 
* 0#33 t;os(45 t + 2700) 
+0.12W:a5(6)t+i O) 

2.  

T 3 	03.0 * 4,3 	(15 t ; 700 ) 
4,5L3 o33 t + 2330) 

+0.)3 Co (40 t " 19J°) 
1 ),)3 C (G) t + 1400) 

:pis t:yarl,' LnhQo. r i tc:.a;'ar r. ture 	ri~.:i .~ uru 41-- 
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oa1e 1atei jnit core in Fig. (9.0). It can be seen 

from thli.a, that the v tilution,witi ter . to ro uco the 
ternperuturo d ifToronce.r bot rocn the iu oor ni o tUoor 
air, an also tho tip Lug in the occuronco of their 
ter=t !ia . 

1don4  

ilost of tho r utki*1S em?1o/cd car the oot 
tion • of fabric ocoline 1o4: io not t ►ko the inturnal. 
n a oo into account. iho3o arc upprorimato r thods r i 
51Zc b? o orrorD are ii't 1y to occur. .,.o tbor a1 circuit 
tact-1r_ic.iuo3 ((31) vhhich do Puko tho o internal 	oo Into 
account are co:a,)loz 	involve constdorable labour. .ho 

tr4,n for function o.p roccb. trill : inplity tho co uttxti ris 
to mintmuii. the application of tru for functions for 
the o ' cooltj;; load c icul tionc, to oatp1uinoi bolow.. For 
a ,Ivon but1f n ,, udder any known cliwttic conditieno, 
tho a cult of heat C1ux ,ntorin,a tho bui .c inC, t.hrou~b all 
the external bounding surfaces c :n be obto.inad, as illus* 
trotod in the proviou8 r,r mploo « Lot u 	oso that 
tho room air is to bo uatiiu ntnnod c ont, nt at A tcmpor - 
turo 750F; we litAvu t :, c.lcult3 th:: .,=aunt of hoist that 
Ic to be ortraeto* i'roz the room. The C,teudy state part 

of tho cool'in'g. lou;: i obtairc d by 

E Uk 1t ftsak(maun)  
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The total amount of the harmonic hoot flux onturin 

tho room throuth u1 . oxpo3or.i buildinL; cloment& can be 
compute i vith transfer r ai ;tnco function i in the 

sumo way, as done for non air conditioned bui .:An . 
All the amount of hat flux ontorinr will not ap~o. r 

to tho coolie , loed to tho air-coniitionin;; plant. The 
floor ani the interior 	ot limo pt}rtit;io:m and 

furnituro, Will ib,orb u cortuin uQount of the heat flux. 

Ibu the :oolir loud tranoforrod to the :il.nt it; the 

bout itorin , tho o loi;uro lo;jo that ab3orb d by the 

inturfl l uat oeG. 2hj quantity of hat flux uborbacI by 

thcz < iitcrnU olur onto en be obtuine froi the intrna3. 
E- 

8rivir ; point ajra . ;tatQO fiction y j 

Lc cn il1ia tr t oi, the 	o rao a tort in 

the pr 1.oua oar .i.nlc.3 :o: un :on ' i~.io"c-1 buil .int.a,, 

( 't4-. 9.1(b) '"it.1 rotor' l pI-~rtltin 1a11 is coa.st1ora 

hero. Th q u nt t10 3 of hoot 1o,:' into: thQ room, (oto 17 
vtu:fio a . voli. (to h4'c nic coz~)o!vrttM) 	I the quantity 
of heat flu.t ubsorbol by tho floor A.ntt ptrtition Well 

ani the bulunco of tho hoat quantity to bo oxtracto by 

the pL..r.t to lint: in the indoor air tcuioruturo cone 

tit 	` o: u ' c cu.1-td } ':ho :"ourior uquations for 
the conlin4. loit iith un1 without o.zn~ .ivri.n; tho 
thtorn4l c 3uoo .ru ;3von bolo°i. 

• t 	!O 	t', 	A' t C 	i urn : : uo;. t  
(T) 	333 ► 4- 5393 Co (15 t •s' 	790) 

+ 	788 Coa O3D t + 252°) 
70 .o (44 t + 2J3 
33 (60 t + 153o') 



+ 4 Cos (45 t ° 2 2 ) 
* 29 Cos (0 t + 1610.) 

The hourly variutionc of cooling load with and iithout 

for z conlition, oonsi3aring the intornci musnos are 

shorn in Fit. ( 1O). 

incz oaso of internal iuiaae will make this 

difforunw ro rtion .tcly nor . bis aot o1 of approach 

t ivo tore rcalis tic picture of fabric coo3th .ids of 

b .il in,a for air conit1oning estimations. 

The uboro cox plop deal with the appli ratio as 

of onll* two thcrnu1 W;,•zt oz 	is tionu numtly, i) t o trL s . 
for :a! i Wit: ncc 1unct lam, an: s 1.) tnternul drtvina, point 

a,1ittLnc function. °i'hc uwc oV third ttmction i.e.,  
czternt1i driv .n,; poin;. 	ict1or! (tos/t ,L) i^ oRp1a,inmd 

hors;. It u .n tzntio"?o;i u; ^liuir that outaik;a curraco 

to~ap ratu: oo of buildi:is; olc c to aro not us ►a.i.y av4l_ 

Gblc . .hoc h.,vo to 'jo ae ►:vrminned b' actual mousuro- 

Dort. )icrant buil,lLij, t laz~nt; utt ►in uifferent 

(Out: ilo) aarLc o toapur. turca when uxpoi.o.I to sr o 
woatborc 3n:1i 4ioaw . a ki o 1eJ o 01* t u ext:ornal sur. 

face L L3I)3raturoz, i. a prurz; ui .Ltu for cor puttnj the 

thorzl Qtr a ,zsc inr ue in the .tructurul ulomonts and 
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the oxxan3i 3! u ao I eon actions the v ur,a 1iko to 

take p] co luri i 4lurrtul and oajoriul v ri"t1ona. 

o uxtcrn l rivin 6 point functions will prov & o tho 

orterR'itul suz+/rueo to e atYidro & ttain S yr Wfor nt 

con4iruuti xza unt•ior .i t'orent clt tic oxpo iuros. Jts 

r i..0 r t vo oz 1i , th bmtio ct o of (e. G) has 

beort co izIcJk ed bro. The 	 for tho throo ty z of 

z'ooft for the rurt ;i u. unt 1 and thr, o bi bc 4 hurooni c3 

are ,iv.,n in Tublc (C.). The '.'ourier u uations or 

the oxtwra1 : urf~.ce tQ.0 rurtu:•co obt:4rtuL for the 

thi' 	typ o.f r oof £o ° t :3 corrocponaii 	o1 ir  

arcs ;iver below. 

tog (T) 	1J3*3 + 23.4 (15 t . XY?°) 
'' 	ci. (3) t — OV) 
+ 	1•0 .00 (4 t - 	740) 

10 : )G 	(3) t C°) 
0037 t 210) 

;a 

t0z (T) 	l33.': 	+ 34- • Co. (15 t - 3330) 
+ 	►2 4 x:03 (30 t -• 330 ) 
+ 	1.e^4 Z o, (4 a t - 0 73 ) 
+ 	1.8 c (GO t - 

30 ;O:~ (10' t 340) 

1U z X44 ;  

t08 (T) = 104.1 + 37,4 Con 
 11.7 .:t .., 

1.3 0 
•'f 	. AV 
t 	.)133 

(13 t - 100) 
(3: t - 33 ) 
(4 t - 330) 
(33t- 2°) 
(15 t - 4°) 
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the ox nzf !Fx s un.I c tr ctio-is that ara itko y to 

take place Jurin diurnal and uoa u4.1 variations.. 
The xtc r .:. rtvij point functions wiU provido the 

orternz1 urfuas to sxaturo attains b' 4lfrurent 

oonøtrutie under "Ifforent clim"tic oxpoiuras . ..s 

L► . t 1u tr .tiv%) 0Z _ )1 :, the Law co of (D.G) has 

been eon idcred .I jre. T e T for tho throo typez of  

roofs for the 'un u nt:.~1 u.nfl thr.jo tai ,box heroes 

are I;iven in Tubic (C.4). :he ouriw u u do is of 

the oxtarnc1 *,urrLCO t .m.,ur; to ,o a obt 4nuA .` ar the 

throo typ-4 of roof : £ w tha eorroponrtn,. ;.io1 a r 

t 	ir atu aru ,tVOn below. 

t02 Cr) = 1)3.3 	0.4 (15 t - 	07°) 
* 	).1 . _ (3 t 
+ 	1.0 'sQ (48 t 74°) 
r 	X 41 s (c) t w 	00 ) 
+ 	0.3? V406 (L t a 0) 

toy, (T) 	13.' 	+ 33.a e0 (r t 2330) 
+ 12.4 :;o3 (33 t - 20°) 
+ 	1.' ;o (48 t 7:;°) 
t 	lea o (GO t - .10) 
4' 	J.00 wou (13 t - 31°) 

1.3 o., (4_5 t - 030) 
1*0 ci:a ( t - Cno) 

* 	).33 , o,, (15 t - 45°) 
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Tita hmirly temperature vtr1ut&oru voro ra cu i-te from 

tbo a equations ani co prod In Pik;, (O.11) Tho t u. 

latc ci type rooT t Ui. tti.n h1ior to ratur oo then. 

tho unir o ai ted odes,, vhon tho in ,: tinj 1ojroi is on 

tho tat). 
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In this thesis on adoquato 9uuntitativo data, 
On tho trMM:.iOnt tborrrn1 chaa' ctGrictice of buildinij 
ooutton, and a ain o cni tlo2iblo co ut tiinul p oac. 
ciuira l ttiich ill one blo a doaignor to c lc.uluto ttc 1toct 
trantifar and toporturoi of cn loOurorj, undor ivcn 
c d1tio:~a, ary out.bli al. 

Lnalplo of tho olcctrie anz o io stuiin 
aado on tho tr..ncio t th..T .. bohuv10 of buillinC alo onto, 
;tth apocia1, roforon to u) tho offoot of aurfuco heat 
tr x for coofficiontU, b) the offuct of different ooibi.. 
nationo of lajora of vaiouu : ; tortulc ant c) lu pod not-
work ropro entatton of the bthin , oetic , load to the 
follot in conclu: iono i 

10 	 'moo a tac4y State o tnu oldul a Dpz ouch adotc4 

hero aapuratoo the otfocto of the cli :tic factors from 

tho thOrQ..l a actoristics of biilcini o1.00ent , *o that 
each coula be n tudiod inaopondontl; anti then conb1nci tt) 
got the thoraal be t vt-jur of the fabric unlor wy el mtic 
cor I..barn. 

3• 	 i l no tic ;v of tranafor function oily, is not 
c,uf fici nt to Di city the tr: i iont ths: r a.l bohavteur of 
any builiin olc cn,t a qlo toly and two era thor l 	to 
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i' cti. 	viii.,  i) c.,ternJ. 1.rivIn,; :xaint functitn 

and ii) int:) 	. .XXvfn.;, ')Oin t ' i3tia: are UIG:O 
rG: utrc: tth t' cz i teac systcz functionz tho 
fLQ:J tcm or. t ►rots c n.► hoat £'1uxoz of tho onto ► 4w.1 
LnfOr Curfuoon c~.n 	,it t bo Qbtuinocl for jnr a: uz iary 

	

. t) 	 iZO infiucnco urf..co hoat tranw:tor c tf i- 
otcnt o the th-m al itc tunctioru3 do nda upon 
both :J I n A i1 of a tvci buii .a ink iAoction 

	

b) 	 Rio; c turd &.ii.i intora ;;ur ` 4cu beat 
tr~z $or coofficiont., influcn rc .- oir roLpoctIVo 
'tvin pint 'unot ions for coot ions: ui h 1urtc 	and 
:t. or thin roc :inn (utth cisall ix ani i) boc vor, 

bath - foo: 	af icLc nt• affoct both clrivin3 point 

r;uAc i cw 

	

0) 	 Tho tr:. nnfor 	of c'ny bui11in 

caption arq "f.Zoatai b r both tho burfloo o ffioionto 

4. a 	 In hot cii "toa, plaein; tho irisuiLttion on 
tho c sposoi ui io is taro advantauouG than pictnr; it 
mraCi i0 

b) 	 or vario ;iocuiblo urrnn~,ca ntt~ # tho  
rOatOCt U3)in.;; acc a ho.n in L.tin; 1ay ro u1tor. 

alto tJith i .j.r of loo o:..~tor i,_ is . 
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c) 	 fl 1zin,; 1uyuro h vo coni:►orabia in luonco 

on tho doc'oi ont Thcto: of tho front 1ayory wbily tho  

Con.VOEO iM not truo. 

t) 	 If tho hot flou t1teection iz rCvGod (1.o, 

frrn inc-Ida to outs iIo) tho ovorail docror ont ftictor 
c will bo recci1 by tho rz,t10 of tho outiti4Q to inwtdo 

urf,wo bout trwwror 0001 4ont3 (h0/b1) tihllo the 

phuso lug Ic not ultorod. 

0) 	 The du n'G2Cnt fuotor of the in livitival 1t oro 

In a co,ozito ootio . t 111 not bo the Zr to iihon the 

tiro tton of boat f1i Ic roYGrood. 

r) 	 It to not 1yo •boa 1h10 t r obtain inn 

ogttvalo t ho o onoou f  con.AructIo-4', lAch will huvo 

the sao tharg ey tcD t. n.c t ii# ; of bocv o.i~ a coo -Ito 

contruction. 

3. 	 T'h nu abor of .luzne of T notuork ro uirod 

for cn udo%uato rop: o:.ontatino of a bu11din &colon, 
is Proportional to the oquu'o root of the therna1 tires 

conotunt (itC) of the oocuonl 

G « 	 rhIc this h a bavWra1 pract1c 1 ueo . or 

u} 	 4otorcnc & .tu on *rumiont thorn al ch.,ra 

toriutia:1 of butlJin,, cc onentc ommo ly ucesl in InJL , 
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ivn in i pt-londicoo 11 LnJ. IV, un:blos to 	o tho 

rILht a1Yoioa or th zatoriuIo to 	,tvon ;situation, 

b) 	 The date Civmn on o torn a1. drivini point 

'u ►atio providou a bu i. for the easy oomp ttatL n of 

o; ti,.io u€urfaco to aoraturo3 attain1 by 'bui1iin oo- 

oonto undor 1itiuera« t clla- to oxposuro3. 

7, 	 JIth tbo aI4 of the data on the matrix 

coo ` iaicatO. of the di4tribi to ani 1u 1,oi a ato= 
£) it io po ciblo t ov"IuLto the error z hug► 

to lapin an any of the trnvi. AiuL ft it io$ of intorori t 

(curfaco to er tu.rom, host tIuzo, or tho tboical :;yc to:a 

functions) for t ny borno,;cnooi layer. 

B. A io: covo..r 44:3 tho as a xes t  put forte for the 

of in1;.>or air to oratw'o; o onoio.; ,roe, 
uti .iDoG protab latod it. a os thora.i c stom tunction8 
and 'U' v uoo, iJot c .. t poo of coalitions that t may 

bo on ow torod in pr :oti.00 en be c nulyzed by r oino of 

the 	a, 3 o 'rant tabloo t,ivon oro, without cDn; tru.ot .nt; 

an analo,icuo for ouch coo. T1u the r xt o out  c'1 
hcro offori u n bor of a 1v:wntoz ovoi the cna1jtic ►i. 
or field rCzxurc 'nt tcc hni{;uoD . 
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Dw transfer iiitricis for one Iu p and N - lws rd 
circuits (?ijs. I & 2 respectivel) are given by t-. 

a 

(I +   cam,) 	R (I + 'a ) 
2 	 4 

u'+C 	 (l +   
2 

(1 + _____ 	a_ (i + _____ 

z 

CT 	DT  

vb•ra C s Total thermal capacitance of the build trig elouit. 

a Total theriitL resistance of the building element 



T- NET WORK 

1 - LUMP CIR. UIT 

RI? 	 R/2 

FIG 

N- LUMPED CIRCUIT 

R/2 n 	R/n 	R/n 	 R/n 	R/n 	R/Zn 

C/n 	C/n 	C/n 	C/n 	C/n 	C/n 

FIG. 2 . 



t 

The transfer matrices for one lump and N lurnpea 
circuits (Figs # 3 2 4 respect the y) are givon by t 

Hi - 	 £1 

0 

Ci j;..  + 	w 1 
i 	 r  2 	1 

Whore C - Total thor a l arA, citanaa or the builc1in oleiont. 

a °s T0t41 thor nal reaiGtlrnce of the building ele nt. 



TT- NET WORK 

l - LUMP CIRCUIT 
`d 

R 

C/2 	 Cl? 

FIG. 3 

N- LUMPED CIRCUIT 

R/n 	R/n 	R/n 	 R/n 	R/n 	R/n 

C/n 	C/n 	C/n 	C/n 	 C/n 	C/n 	C/n 	C/2n 

FIG.4 
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A two 

The tr stor nmtricaa for OflQ lump Und U lumped 
circuits (Fi s o 6 .: 6 ro cti lyr) ave given by :- 

	

FL 
	 . ': 	WCis  

z 

	

Cl, 	L 	 ~Wc 	 l 

(ILL) 

whore , = Total thermal capacttanoe of the building element. 

B = Total thermal rosistanco of the building element. 



L- NET WORK 

I - LUMP CIRCUIT 

R 

C 

FIG. 5. 

N - LUMPED CIRCUIT 

	

R/n R/n 	R/n 	 R/n R/n R/n 
"+-- 

	

C/n 	C/n 	C/n 	C/n 	C/n 	C/n 	C/n 

FIG.6. 
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Von Qora zn C 23) axtd Pi:po (24) have shown that 
a h=ogeno= bu i ►ding Ol ont iz n4loo,ou to a to Olcmant 

C) four tore iva1 puivo network(un+ ipolo) and it is 
po ciblo to use all the athoaticai tochquos c ployae in 

electrical ircuit an lyso i in the study of Xtnocr heat 
conduction problem 

tnaXogous to the pas aiva not 	r syrtom anction 
tie have a sat of thoriai syston function:;* which uii. , opQcify 

OO' J1OtOi,y the transiont behaviour of n buiidin,e olericat. The 
G73t01 funetiori is defined ns a function roprocontinj tho ratio 
of the Laplace tranuforaatione of roepocco variable to o cita-
tion v, riablo, In. the fo=ation of tbio ratio it to nssn~z . 
that e . tho initial concittionw within the ,syston are noro. 

There are two typos of a,yatom functions of intoroot, 
.nz aol7 (i) the trnsfor functions end (ii) the driving point 
functions. i .ub of thew may huvo the dune tuns of iopecicu co, 
uduitt nc3, in ad 1ition to the di z ansionloao c~uantitiO . V'or 
a 8riv n point function the input and output (ozcitutioi nl 
roepa a) arc r3on3trod at the s o pair of for finals, thL1O for 
a trnnsfor function the input cm l output are moaznrai at two 
different pQlrU of for inLatD . 
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Tho trr stor .1unetiorz io jtvon as s 

= tcmnpr turo ratio. to 

.t) 

qc 

	

III) 	
tru: aiar auiaittcnco. 

0 

	

awwi w 	t ans or icipi c4anco i 

Tho drivinl3 point f ,nctio s aro Liven. n3 *. 

	

t 	oz tornai driving point imgc nc3. 

	

it) 	(I 

	

- .. 	ortOrnL1 c?rivint; point cktttcico. 

	

iii) 	 _. a intornr3, cfrivin,; point ..n deco. ~i 

q 
tat 	irivin Pint tattanco. 

i 

Tho ration of t1i input to output co c i lod tho rociprocal 

s rotc £U.UatIO1s, 11 th000 t nct .ono aro not iniop lcxtt 

c 4 oal ..roo function3 (ono trunof or 1 tuo lrivtn point) 
aro it j iotont to charact rico a buiidin;; otcx nt Vt~o rcct 

of th 	iQno C., L bo O'1t4TQ £:o th c 'thrz c uc ti~ r 

arcs intorro1ctod. 
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h^ tuo 1itoçx cuutior thcct rol; tc tho Input c ni 

output tom.:-ter att cc c boat fluwo (rte o&ouc to the q u~dr i-
polo) zo Civon by t 

to = A ti + YJqi 	_ 	0.. (1) 

31h3ro Zl 3, C oz ct t) aro the Conoral circuit par=otorz . Al 
4ad D aro di rzion .00c auzboz s,, t3 onil C have diuon&ions of 

is po lc oc ur 	3ctittt n o rpoctivoij. Thco 1 onorLi. circuit 
p arotar aro the rcoiprccoJ. G t3tc s to ctions cad are Civon 
by z- 

tp 
4  	 i * ., o, :f circuit output. 

, i 	q 	0. 

t 

	

3 =- q t 	i.o,, cbort circuit output. 
i 

~: 	,... 

 

i.e., open circuit output. 
ti q1 =4 
q 

O 

	

	 i.e., abort circuit output* pi = 0 

'or o oitiU3aidu1 c zcitation all thoDo p:xtotcr • uili be 
co 1Z qui- titioD. 

The above oquutiona (1) and (2) may ulna be 
c rproLoc1 in the autri . form ac a. 

J L'J 

to  0  ti 



x 1?2 x 

3.s the transfer matrix of the 
1din,; ale a nt. 

The dstermi ont of the above m xtrix tr, cquu1 to 
unity as the bbildin, oio.aent is co ideroi asp a passive 
network. i.e., (AD - 3C) = 1 
For a uys etrca1 network A = D 

In aiditton to the above matrix egwution (3) 
i'h ,ec 	Vra oth43 c t QLU1 To °.) or natrico rOlkt nG tho 
tn,.ut u t t prat ,,~.~iatitie of a network n=cly the impGdanco 
t.triz ,. tho 	ittc nco i triz. `;rho corropon1inj; iitr1z 
equationss trO ivcn by s 

	

t̀ o 	'iii 	`i 	qo 

L J 	Li 
aM 	qo 	Yid, 	Y .2 	to 

	

L qi 	=lei 	Y 	ti_L 
The ro1utionhip bot roan the 000ftioiont8 of the transtor 
ui trix E. the Z' z and : 'e of the imp lan€ o on1 i4taittanco 
£flatriCe Day be ciciply derive2 rya s 

t ci = 	 = 	____ 



: 

nd 	X11 4- i .. 

ra  = 
The ©ver4l tr aror .iatricesi an4 the s rstc rations of 
a nQtworl will not only, depend upon the enerd circuit 
paraxeters but iico on the nature of the torntnution. Th 
heat tl,aflL3tor bot+roEr the aabLent air and the bui.ldi 
el 	at, takoo plcee ti ouh the .zurt,wwa L't 	co iduotw o 
(t1, :.emu bi). The roci r.su..ls of t o j tiurf .co conluot4ncoz 

t vi 	d ifhi) zj b c; n dorca i Lisp +r r ai.oZoti to the 

QOcuICa potxteO t~n2 LOLl ra -ioctivel in oloctr.ic l ctreuito. 

The overall therm . system funationa, for buildi ; 
elements In terns of cenera circuit par&.otern and the 
curtceo he c t tr acfor crfioiurzt3, for bound y coniitions 
of practical I portancc , ro dorivod below s-► 

i) 	2xtornai surface cub, octoa to teiporaturo v ria. 
ti.on (inusoida) while the bo&t flow from the inzi:Ue 
Surraco is prevented, This condition is iiix trc tod 
by 111G# 1. ?bo Gorro i tin matrix equation La Given 
by; 

t00 	A 	 tin 

I 	I 	I 	I 
C DJ 0 

his tjvo too 	L t ,S 
qoS 	c 'ti3 
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 t 

too 

i11 'mintj11timo 	i 

it) ...;ttornat :;ur co To3jrc turo Variation with r Jon3tcnt 
IMi o Air To:Zperaturo . (Fin. 2) . 

`Altos *ofl1 ittor to Qz roo od by tho UAtri O4Uatiort 

ri 	r I3 	I 	1 1 0 	A D tic 

c ooJ Lc i) 	# 1 L t 	
D] C D` Q3 

borO tic o gic/hi 

qio = 'ia = tic x 

Thon 'Jo of 

too = 

Qop a t10 (C + 0 hi ) 

T:rancfor :'unction 3s Given by s 

..(1O) 

r ncfcr t1t ittu co t atiO2t 10 aiVon by 

i L-w~  	obi ,► ,(11) 
'boo 	too  
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,riving point € mitt nae tuntiofunction is given by s- 

	

`oD 	ti3 (c + D hi) 	(C + hi) 

	

to3 	tds 	+ 3 hi) 

Ili) Lbi-1 it temperature input with a constant indoor 
air torn rat zre. (L'i$. 3). 

For this condition the matrix equation takes the 
form 

too _ 	tip 
35 	 1/h0 : A D 	1 	 /I'si 	0 

L
% 0 1 C D 0 1 L ia 

L/hol 
too 

1 ] CIO$ 

Where tog tis (A + II hi) 

a 
i8 (C + ) hi) 

orofore too a tin (J + B hi + CJh , + 0 bj/h0) 

The transfer function t o obtain: as 1.~ 

tau 	(A + 3 h4 + C/h, + D hi/h3 ) 
Tr ofer aic ittunca function is obtainel us% 

= ii 	z ..,. 	..... ti,~„,. 3 x h 	- hi 
has t ("+Djai+C 	o + 	bj/ho) 
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Js ,vin„ point ab 1tt nco function i given ry :~• 

 .L = 	 = 	t : h1.)  
13a 	Su. 

1arivir a point A%notion is Civon by s 

o ' 	Pd 	t 	t~  
/~ 

 

L 
	ass 	 yes ; + D hj)  

iv) Ind o3 air temperature to variable n4 o ztaicrzal 
air t prcturo is constant (heat t10w direction 
io rovorco;) (ii. 4), 

'moo rmtrtn oqc tton for this condition Ic given by:.,. 

i i l 1)a I 	 0 

-ql 	0 	1 	c 	A 	i 	1. 	s 

ton wo Got 

and  

II 

ia 	0 

w3oro 
t1.0 = too (D 3 bo) 

wgiss = too (C + A h0) 
Thuro* oa o 	tia = to, (•1) + B ho + C/hi 4 t 

tos (L + a ho) 
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Th3 tr•Lmfor function In obtained as : 

Ts n for a4 ttance function will bo 

r rz o L-41M  

tia 	 A+ 0 i+01',x,,+-►hL/ho 

r ivi point titiittinco function is obtainod eta 

0 
tic 	tia 

rat tho drivLnr, point function ti l bo 

1~~  too + Dho 

tiatLL 	tia 

v) Variablo air tcparaturo both,; vidan (ontorna . 
and intornal) (1?iao ) 
Tho .car t cqnation for thin condition is Civon by 

'taa 	1 	 A 	D 	3 	t 

L] 	L° 	']: Lc DJ : L° 	'J L] Ui) 
Than 

an 	 too 	tia A + Qic bi (A B Pat ) 

qoC 	t10 C + qla/h, , (C + ,) hi,) 	- ~9) 
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In the a bovo oquutlan3 q is an u=' = quantity m1 
has to be oopro c e4 in for of tnosn p ra for . hiu 
can be o rtatr c4 From the tiatiz fiat; ouAUon , iron bolvi x 

t .t 
ft0J 

JLJ 

shit LiVQG t a and q 	aD 

0 	hi 

' 	#c' ' pia (  

Fron the above cutttor :O icy t 

w 

Lit 	 1k) 	114) 

bubDtit tier, this valves of qj, tn tho aquatton i a) m1(1 4) by 
rc r zinc tbo tor'ae wo got 

= '0a r X. +  tja Z 'X•L 

— 
qLa 	toa 2 

too ' to& z )\o ""'° ti z ~o 
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This cont  ion of both oidoc oubjootcd to voriublc 

air toraturo can bo cansidozo4 aa the cupor position of 

cacoo (.ii) and (iv) (l.o., outoido air tonporaturo is variablo 

with :lido constant and vino- voroa). By applying the pri.noi-

plo of cupor pocition (filch is pornicciblo for linoor circuits) 

to obtain tho abovo ro&ulto for the curfnco toapor. ~aturoc and 
boat fluroo in a ouch dopier t' r. 

vi,)` do air tc p3r; turo on both oidoo is 1vr&riabio 
iith the oarx c p].itudo arrl pbaco (thic apslic 
for partition taUn) :'ig t 0), 

For thic L azoiul cauo tho r.atriz oqu "ion bc =o 3 

tia, 	1 	1„+ s, 	A 	f 	1 	/ i 	tics 

c is 	4 	1 	 1 	"din 

in this cnco t'o aro intorcDtcd in finding out the yin 
i.e* t the hoist flwt ontorin.; into the partition froi oithor 
lido . This Ic obtained ;ao s - 

~-- -  
in 	din 	Xi) 

rho total quantity of boat flux ontorin;; tho partition 1»0. t 
fro 3 both ciQoe r?t11 be equal to ? qin. If the building 
coeti a iD cY..zitriCal iitth roupocfiito the control piano, 

tho boat tloi at that Plano of cyaotry vii l be woro» 

The inter roloionship boticon the thomal n,;Qtc 

functions aro oacily odablichod from tho above dorivationc 
as ,;Sv3f bolas s -» 
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1. 	L 	i=fs 
Ct tip = 0 

a 0 

1. L.'= 
C tj /► 	tia = 0 

y. L= b, z 4Lie 

2. L, .. . } 
t l to 	0 

y&=
r , 

1. )\0Ll0 —) 
tiro l 

 t3~x 

C twi 	g 	0 
Yv Leo = ho (1 - \c 

l 

(...!L ')
t 	tan 	`? 



:181 *  

Tho abovo rolr tionzttipz botsoen the surfaco 
tO3porttrGt an1 boat f1uzou and the tho al syctca f s*- 
tiors3 (in torrz of Ccrkora1 ctrc.0 It p c offers and Nurtaoo 
,tot tiancter coof `icic nit& ri1i hold rood not only for 
h o„onoo is bui1 n o),cmor tD but al o fox com utto ( I.ti. 
1a torc) bui.idiri soctiono. In tho ciao of multi icyorod 
Coctic 3 tho trantfcs 	triu coofficiontz (aonorc1 circuit 
parcuotor $ B, C 	D) r ,x'o obtincc1 by tbo matrix L 
p1ieutto of the trncfor coat. iccr, of tho i iivichu+ iayor.  . 
The overall tr in for iziatrit of a cocpo: ito bui diuc o1 r~ sit 
is thoa ;G tvon by 

D2 Cn 	;)r 
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(FOR 	1J"O1DAL 	PIUW Vx;ILMO ; ) 

In trni1dtnt3prctica a 3o ?&o uwixr' of coipoaito  
couctructioz (na4c up of to or ziurc 1c ►c€c of hozorcnooum 
Qatorialo of difforont thi oonon) cx'4 not with. Tips tau-. 
4iticn . b *iU in € ,tcriu3c iiIo bricks  ctono, tix bcr#  
coucrQto otc. oti l Lora tho butte core in th000 construction. 
Of into, a larL;o V iot r of liijbt of t conarotcc, iu1ulutinr 
boarIa, candvitcIi, pnnoi. aoxutructionz otot httvo coo into uno 
and thoia wwa in c+r bination with tho convontioin1 r toriols 
In a yr ioty of v yn, aro boco 1inr, popular. 

In this 4 txndin tho tI run1 u rctcm fictions for 
a nuribcr of o=,gooito co ut ctionc (both traditional  tx'ic1itiona1 unit 
morn) that cr o pio1c in tho proncut dn;r buildinC pz'actico 
aro riven cio G utth tho ctoady ctato thorw .' trr s union 
cooff cionto (U . vaiw,o). 

For tho ago of sntvonisneD tho o data oro Qinidad 

into aictarcnt coctioma, accoxiin to thoir f nctioi&. uno 
vise, a11c, roof,, ` ,00r,3, doors and iirtd n. 
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4►' 	ra •: 	^,'.r~ brick ..11 	p + 9►r brick " p + 13" brick 
+ 	n 2. ~ + err P _1 P 

0 0 
p + 4~',," brick , 	' 	o + 4 " brick ►' 	p + 4'," brick .} 	1" F.C.  + 	T' 	p + 2►r F.C. 	- 	" 	p .+. 	4►' F.C. 	+ 	" p 

~ a 

E? D' 

0 0 
r: 	p 

0 
+ 1' r.b. + n p + 1" F.C.+ ?S"  p + 2" F.C. 	_ 

4-" brick + 	" p 4-z" brick + 	►' 	p 4y." brick + 	►r p 

ILL®____________ 

p = plaster F.C. = Foamed concrete 
r.b. = reed board 
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WALL SECTIONS 

--,, p + 3" F.C. + tot p + 2" r.b. + 
III 

i-,,  p + 4" r.b. + 

I it p 
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" D.C. + -" p 
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4" D.C. + i-" p 

" p + 2" D.C. + 
2" F.C. + " p 
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p + 4" D.C. + 	1 conc. +2" jax"p+ 4' brick + 
board + 4k"  brick 2" airspace + 41" 2" F.C. + *" p 	+ 	p 	 brick + I" p 
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100100 
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F.C. = Foamed concrete 	r.b. = reed board 
D.C. = Dense concrete 	p = plaster 
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WALL SECTIONS 

In  p + 1" T.C. + 	2 p  + 4k" brick + 15" R.M. + 4" p 
4z" brick + J" p 	1" T.C. + .-►, p  

p = plaster T.C. = Thermocole R.M. = Rubble Masonry 
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WALL SECTIONS 

6" stone + 	1" B.T. + ~ ' ',)rick 2" B.T. + 9" brick 
brick + " p 

1 

__ _i 

2" i.T. + 13k" 

	

brick + 	p 

	

1-11 	I 

8" H.Bloclt 

za 
. i3. , i  • •  u~ 

brick + " p 

" p + 3" brick + 
2" airspace +3" br q 

30 

3" brick + 2" air 
space + 3" brick 

33 
8" H. Block + ,4 " p 

r i;I 

 

p = plaster 	B.T. = Bricktile br. = brick 
H. Block = Hollow block 
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WALL SECTIONS 

?," p + 8" H.block 
+. -fl p 

I' I: 

• D 

1/8" W.B. + 4-k" 
H.G.block +1/8"W.B. 

9" brick + 7 ' p 

38 

4" Gyntheticwood 
panel 

8" H.G. block 

19" conc. + 2" air 
apace + 1" cone. 

 

f 	41 

} 3" m.p. + 1" b.b. 
+ q;" m.p. 

 0 
3/4" p + i" r.b.+ 
4" airspace + 2 " 
r.b. +...---,-a 4" P 

43 	 S 	0 
p = plaster H.block = Hollow block H.G. = Hollow gypsum 

r.b. = reed board 	m.p. = mud plaster b.b. = bamboo board 
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WALL SECTIONS 

3" m.p. + 13" S.B.• ,..tt p + 9" brick + ;►t p + 4" e.s.c.+ + 	mop. " airspace + k" 	►t p 
p.w. 

46 
►t p + 8" e.s.c.+ 
►t P 

~ n p + 4' C.C. + 
P 

49 SO 

►t p + 4►► j1.C. + 	4w," bricx + ?" air 

 

4k" brick + 4" p  space + 4~" brick 
2't r.b. + 2" air 
space + 2" r.b. 

p = p1. Ater, r.b. = reed boars, m.p. mud plaster 
b.B =- Sun dried brick p.w. = plywood c.c. = cinder conc. 
e.s.c. = expanded slag concrete. F.C. = Foamed concrete 
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ROOF SECTIC i1S 

3" L.C. i 4'' 	3'' L.~. 	4"' H.J. 3" L.a. + 6" 
+ 	„ p 	 t 1 11 p 	 i.. 'I' r) 

Y. 	 4 

1 	. 	 J 

• . 	x .,  

 

X  K 

0 © 
3" L.C. + 7" H.B. 
+ z►" p 

3" L.C. + 2" s.s. } u _ s.s. 	•1. 3 11 L.v. 
+ T" s.s. 

ULWJ 

U 
11 2 11 b.f. + 3 	.•,.r'. 

+ 4" RCC {- :' p 
+ 	11 D rti 	. 	r) 	11 	-..4. 	+ • ] 11 	T .J tiv w 	c~ 	y • /~ • 	I.) u . v • 

2t1 :~• P. + 6" '~..:. 
_ 	•11 	~ 

71//)///I/)f/I// 3/d 

d o 
A••  G 

VAVMA 

0 
L.C.  = Lim-, concrete RUC = Reinforced cement concrete 
it.B. = Reinforcol brick s s. = sand stone 	 I.P..• 	.•~udphusk. 
F.C. = Foumoi co,icrete b.t. = bricktile p = plaster 
b.f. = brickfla 
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ROOF SECTIONS 

3" L.C. + .n :°i.P0 12P b.t. -1-3"   L.C. :„ p  + 2" F.C. + + 4.1" R.B. + to p + 4'" R.B. + 	p 	" R.C.C. + -" p 

• A. 	A 
	• , 

7777777177 /77 

4"" brick 1 3" 
L.C. + 4" R.C.C. + to p  

" slaty: + 4'' air 
space + 4" p.w. 

W.S. 	4" air 
space + " p.w. 

  

13 

AC shoot + 4" air 
space + . " O.W. 

" ►.galore 
tile 

11" m.t. + 4" air 
space + j" p.w. 

L.. = Liao concrete 	1.?. _ i1ud phuska b..=bricktile 
ii.L. = Reinfori brick R.C.C.= Rainforcei cement conc. 
w.s. = wood shin;1j p.w. = plywood m.t. - 1angalore tile 
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ROOF SECTIONS 

G.I.sheet + 3" air G.I.sheet + 3" air .C.sheet + 2" air 
space + in m.w. + 	space + 211 m.w. f space + '" c.b. 

P.W. 	 4" p  .W• 

-- 

A.C.sheet + 3" air A.C.sheet + 3" air 2" T.C. + 4" D.C. 
space + 1* m.w. + 	space + 1" T... + 
4" p.w. 	 -1 p.w. 

h 	
IC 

0 	0 	24 

4" D.C. + 2" T.C.  1" T.C. + 4" D.C.  2" D.C. + 2" T.C. 
+ 1" T.C.  * 2" D.2. 

N •d  r A 	 a a, 	r -. 	- ft 	S 

~ ~ o 0 

m.w. = mineral wool p.w. = plywood c.b. = celotex board 
D.C. = Dense concrete T.C. = Thermocole 
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