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AIlS F RAt I

‘~t’~ ’ i ’ut advanci ’s l i t  -~~r \t ~ ‘ l t s t t h  t ~‘t  t t’h t i i ~ i t ~gv I t t ~’ i ’ made t n t  t

t’h I ps and t h e i t  as see I at i’d m t  ~‘r t a ce and pi ’i I pht’ra I iii p a v a i l  at ’ i t ~ at

low ~-~‘st and in  i- cad ! lv  a d a p t a b l e  ii’ t i t i g t i r a t  t en s .  F l i t ’  twa! t a b !  I I t v

~ I t bes t’ power t iii v et  sina i 1 d e v Ic e s  opens t ip  who 1 ‘ neW I I. ’ Iti r- * ‘ I

c o n t p t t t  cc ce n t r ot ft i s  p i e  ~t’t’t i n v e s t  t ga ‘d the use ~‘t t i c roproc t ’s s i ’rs

~nd .i s see t a t  ed ha r dwar t ’ t o  cent  r e t  t hi’ Ii e a t  t u g  0 I a hit  I I d i n g  ii order

o sa r i ’ e n e r gy  - A house wa s slum I at ed on t t ie  h v h r  Id c tMnp ut  t ’ t anti

c on t r o l  It ’d by a mt c r o p i o i - i ’sso r — b a s e d  d i g i t a l  ~ont t o t  let . h1 ’
n i c t ~ ’pt  t ’ i e s S, ’t was  a c t ’slIuct ~ ial l v  i t va l  l ab l e ’  inoit t ’I , ot t . ’  w t t l ~ t i t~ m i d

he obt i t  iii ’tl at I OW co s t  and ~~~ti Id b~’ access  lb  I ‘ t o  t i ny  home’ s ’Wiit ’i

by t u r n  I ug t hi ’ hea t  e I I i n  i-corns wit ! cit were ’ no t  I e he ii ed , a

c ott  s ide ’ tab Ic amount  o t ene rgv c on lii h~ s at’ed . i t t  e pt ogr ~tiw t o c ont t o  I

he room t emperat  tire ’s won it! be ’ t iet  t ’nn I ned and writ t en on I Iii ’ ha sis c’

he p r ob a b l e  use o I rtloms . I c  st  S sttots’eel that a I g u i  I i  can t  amount  o

one r t~v was saved by u s i n g  t t ie  c ent l e t  t i e r  , as much as  ~O . . dep e n d i n g

en t he’ u s e — h a b i t s  ,t t  the ’ I l O u r e e ’  i’he house’ ‘~iinetla t b i t  c a t  aI so itt ’

L ‘i s  (‘Ii t o s t  t i dy  s t i t ’iI t h i n g s  as I usu  t a t  I on i -on I I gi t  r a t  I en , boa I ei  si

a ut i I oc at  on , and room shap e s and s s w i t  it i t ’  5 pet t I o I h e ’ am ,’t t t i t

e’ner ~~v sav ed  ~~~~~~ i t t  onal l v , t he sma I t  amount  .‘t I l ine u sed by t h~’

nile t ~rt te - e n s o r  ~n t-out  r o i l i n g  t he  house sttggt ’st  s t h i’ pos~ I hi  I t  t ‘, e t t

u e’nt r o i l i n g  ot i te t  aspect  S 0t  the ’ hems.’ In  .i t I tnt ’ — si tar !  ng mode . Flit ’ I ow

cost  and ca s i t  v con I I gutt ’eti nat  nrc of I l i t ’ mi t ’ roprtw c’s set —b a sed  cent r o l l  or

make t he  saving s  in  energ y e ’bt a l ned more t han enoug h t o  lu s t  I Iv t h e

Instat ta t  ion of the device  in  bu ild ings  w i th  e a s i ly  adap t ab l e  hea t ing

sys tems . ‘

j i 
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PREFACE

U t  The Uni ted States and the entire world are approachin g a point

where energy consumption levels must be drast i cally reduced or there

will be social , economic , and political changes t h e  magnitude of

which we have not seen since the great depression of t h e  1930 ’s .

Economists and energy analysts have placed the date for t h i s  impending

cris is , by caref ul and conservative extrapolation , at about the year

2000. This is less titan twent y -two years away from today . ihe

massive sh or tage s e n c o u n t e r e d  d u r i n g  the oil embargo of 1973-1974 ,

the r ap id ly  r is ing cost of e l e c t r i c a l  power , g a s o l i n e , o i l  and coa l ,

the recent coa l s tr ikes and their  tremendous e f f e c t s  on the  e lect r ical

power indu~ r ry , and the ever-diminishing supplies of domestic oil

and coa l a l l  point  toward th is  c r i s i s .  I feel  t ha t  ic is the du t y

and obl iga t ion  of every person in this count ry  to make every e f f o r t

to conserve and use properl y the energy sources we now have a v a i l a b l e .

The Pres ident  of the United S ta t e s  expressed t h i s  need by dec la r ing

“ the mora l equiva l ent of war ” on the impending c r i s i s .

• iI
To fulfill my par t in this campaign I decided to use my t ime

and effot t to develop a system which may save a significant percentage

of the energy used to heat h omes , buildings , and other inhabi t ed

structures . The Trident Scholar program gave me the opportunity

to accomplish this task while completing my undergraduate education .

Upon assuring myself tha t I could complete the courses in my ma jor ,

Sys tems Eng ineering , as well as take the Humanities electives I

consider essen tia l to any undergraduate curriculum and take the

L L — 
—
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F r i d e n t  S c h o l a r  progr am , I app l ied fo r  i t .  My p roposa l  was to design

a microprocessor-based dig i tal controller which could be adapted

and prograusned to control the heating of a house and to develop

an energy saving strategy of programing to imp lement on the

device.

The great difficulties which would have been encountered in

t ontrolling an actua l house were overcome by develop ing a rnatt~ tu*tical

model of a h o u s e .  The development of t h i s  model involved techniques

wit i cli  are used in d e v i s i n g  t h e  s imu Lat ion of any phy sic a l svst i’m.

I h t e  r e l a t i o n s h i p  between the  v a r i a b l e s  of i n t e r e s t  , t h e  room

t emperatures , and t h e i r  r e l a t i onsh ip to the  i n p u t , the  ou ts ide

t empera ture , were determined . The method s used to f i n d  these

r e l a t i o n s h i ps are genera l and may be appli ed to any matt~ ma tica1
a —

mode l Involving heat transfer and temperature levels. Some simplify ing

• ass u m p t i o n s  which did not greatl y affec t the accuracy of the model

were made. These assumptions simplified the equations of the

mathematical model considerably.

C —

The finished model consisted of ten simultaneous , first order ,

dif ferential equations . This model was programmed on the Ftartmouth

• - Time Sharing System using a genera l purpose , FORTRAN digital

simulation program , DICISIM , developed by E. E. Mi tchell. This

was done to get a quick and easy check on the model’s validi ty.

The initial runs revealed some errors in the coefficients causing

the model to “blow up.” These errors were corrected and the

- ) C ~ , .

~~~ L - . 
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equations were programed on the EAI-681. Analog computer which ,

in conjunction with a PDP-lS minicomputer and associated digital-to

analog converters , analog-to-di gital converters , and software , 
-

constituted the house simulation . The genera l nature of the

simulation cannot be stressed enough. These simulation techniques

can be applied to any building to determine such factors as the

amount of energy saved by changing insulation , adding storm windows,

- 

l 
and other modifications . These building modifications would require

a large amount of money and t ime to be imp lemented in a real house.

In this simulation they can be realized by simply re-computing the

coefficient s and changing potentiometer settings . The simulation

has the disadvantage of being only a simulation and therefore

having only a limited relation to reality. With care and good

engineering approximations however , the results will closely

simulate the response of the real structure . I feel that the

development of this computer simulation was a very valuable side

• product of my Trident Scholar project and its use in developing

more energy efficient structures has great potential. I welcome

the use of this program or the theory used to develop it by anyone

- 

I who might be pursuing the research of energy efficient house 
-

construction . I feel that a good deal of time and money could I

be saved through the use of this program . ‘

In the development of the digital controller , a multitude of ‘ 
I

problems were encountered . I had almost no background in micro-

electronics or microprocessors and their construction and programming. I

l.a ~~~~~~~ . ~~~~~ -~~ 
_____ -
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A t t e r  c o n s u l t i n g  many manuals  and s p e ci f ic a t  ion s h e e t s  and a s kin g

many questions I was able to accomplish the necessary tasks. A

good dea l of the answers to my questions and much hel p came from

my advisors , Professor E. E . Mitchell and Major Richard Kopka.

b i l l  Lowe and the  hard w o r k i n g  T e c h n i c al  Support  Division gave me

t housands  of answers , h i n t s , and p a r t s  as w e l l  as keep ing the

Hybrid Computer facilities ready and usable.

huring the course o the year I have [earned .i t remendous amount

abou t microprocessors , digital control , simulation , electrical

engineering, thermodynamics , and other fields I would not have

been exposed to otherwise. The forma l courses 1 previously pursued

• in Samp led 1)ata and Digital Contro l , Electrical Engineer ing, Thermo-

dynamics , and Computer Simulation were all of great use and the

knowledge I had retained from these courses was reinforced and

supp lemented by i t s  a p p l i c a t i o n  in the p r o j e c t .  The Tr iden t  Scholar

• p rogram was the most rewarding means of completing my four years

at the N a v a l  Academy , both in te rm s of doing my pa r t  in  the  war

on excessive energy consumpt ion  and i n  p r e p a r i n g  m y s e l f  for serv ice

as an O f f i c e r  in the  N a v y .

hri a .L....~. - - — --- --~~~~
— 
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1h ~ basic purpose’ of th is pro  ~ect  was t h e  d i ~~I t a l  c o n t r o l  of an

e n v i r o n m e n t a l  sy s t em such as a house or b u i l d i n g  where  a specitic

environm ent must be maintained by the addition or s u b t r a c t  ion of

h eat  to individ ual rooms , groups of rooms , or the whole structure .

Ut ’ t o  the possibl y superfluous nature o f  air conditionlng (cooling)

tad the poss ihi l i t v  that its U S C  will he curtal led i i i  any  r e a s o n a b l e

e~~t’rgencv energy program , the r ou t  roll or has been desi gned t o  c o n t r o l

en Iv he hea t  ing of a s t r u c t u r e  - Ihe use of this coat  r o l l e r  to

c~mt t e l  both the  h e a t i n g  and c o o l i n g  of a s t ru c t u r e  is cut  i r elv

i e s s i h l e , w i t h  some a d d i t i o n a l  p rogramming  i t  cou ld  be used sat is-

t a c t o r i l v  to c o n t r o l  the  coo l ing  of a s t r u c t u r e .  The co n t r o l

conce ’p ts  to be cons ide red  are  those  i n v o l v i n g  a mic roprocesso r

ontrol led sampler  and dec i s ion  making  dev i ce .  The use of an ac tua l

•;t r u c t i e r e  t o  t e s t  and e v a l u a t e  the  c o n t r o l l e r  was not f e a s i b l e  due

~~~ ‘ t~ :e t y p i c a l  f a i l u r e  of  o u t s i d e  t empera tures  to f o l l o w  tes t  pa r ame te r s

and  t h e  l a r g e  cost  of  r i gg ing  a b u i l d i n g  for  a l t e rn a t e  c o n t r o l  by

b e t h  d i g i t a l  c o n t r o l l e r  and convent iona l t h e r m o s t a t s .  i h e re f o r e

an . ina l o g/ h v b r id  computer s i m u l a t i o n  of a b u i l d i n g  was used to

t e s t  and develop the  di g it a l  c o n t r o l l e r . The ease of v a ry i n g

t npu t  pa rameters , access to measurable  ou tpu t s , and speed of

t e s t runs are some of the advantages  of u s i n g  an a na l o g/ h y b r i d

compute r  s i m u l a t i o n  as opposed to  the  use of a c t u a l  p hy s i c a l

st r u c t u re s .  O the r  b e n e f i t s  inc lude the  a b i l i t y  to a c t u a l l y model

the  e n t i r e  control  sys tem , both the d ig i t a l  c o n t ro l l e r  and the

•1
— 
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cof lve’f lt  t onal t he’ni~~s tat c O l t  t r o t  on t l ie cI t  c i t  a t i  pet t b i t  ~ t the . hyti i I .1

computer. Oats th~ ideal pe’rtormance’ c ’t  t h e  .1 t c ~t t  :il ~
- c ’i it t o t  l ,~t ~‘at%

~‘t’ mea sured bet or~’ it i s  b u i l t  , c~ l v i  n~ some i itt1 I cat i o u  o f  i t

applicabi li ty . The ab I l l  t v t o  ~t e v c  1 op a suh opt  tu n t i tu  o rc  t- aim~t 1 ug

rout tue t~ ’t  t h ~ m ic r op r o c e s s or  itS l u g  h~~ t i y hi  id ~-~ ‘u p i u t  t ’i made t ho

imp lt’meutat t on  of  th e  t g i  t a t  c e n t  ro t  i c i  mcfi ,-a~- t. -t t t u a u u  i t  al l

progratilu I ng had heeu~ dove 1 opt’cl ‘‘ti t h t ’ tn t  t o p  i or .‘—  set i t s  I tuc t h .-

apptopt l a t e  ma~~t u i n c  I a u i g n a ~- ,- -

I t ie  pto te ’c t was cart ! eel out I n  a se’rl os of st ages , c’ilch hit it ch in g

on the last and conc l u d in g  w i t h  t e s t s  ot  t h e  amount ~‘t  o i ’ r~~v t h a t

could he a c t u a l lv saved by us lug the coat rol ler. the t i vst stage

was the  development  ot a hybr id  c omputer  s i m u l a t  i o n  of a house and

surrou nd tu g  env i ronmen t  w i t h  r e spec t  t o  [t eat I tow and t empetat tire

~~~~ 
~~~ • i o  i t  a in  assumpt  tons were made to simplif y this s imu tat ion

and these  w i ll he di sc u s sed  I n  ~t t ’t a t  I t a t  e’r. Ot e  se’coud st ,ic~e’ was

to d~ ve lop bo th  convent tonal and d i g  i t  a t  cont  i t ’ I a t  gori t Inus on t h t ’

d i g i t a l  p o r t  ion  of t h e  hy br id  ct~wpttte r . liii ’ d i g i t a l  rent r o l  a l g o r i t h m

was sImp l i f i e d  for  ease’ o f  imp I ement at  ton of  t h e’ program s on C t ie

microprocesso r , due to  the  d i t t  i c u l t  nature’ o t ma ch i  ne’ l a ngu ag e

prcgrantn l ng . I h  e t h i r d  St 55t ’ ~f the’ pro Icc t was t o  b u i l d  the ’

m i c r op r o c e s sor — b a se d  computer  and an i n t or t a c t ’ dev i ce  to connec t

the  computer to t he  s im u l at  ion - t h e  micr opr ocessor  used was t h e

I nt e l  5()$ i~ , as cent  igured In  t he  H e a t h  U — S  ~ll g it a  I c omp u t e r .  I V h e ~

Heath  11-8 was chosen because 0? i t s  e a s t l~’ ~‘~ pautdahle memory , th e

i n t e ’r f ace  c a p a b i l i t y , and the fact t h a t  t h i s  u n i t  w a s  C O S I  lv obtained

-- -~~~,- .‘ ~~~~~~~~~~~~~~~~~~~~~~~ V
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a ad ass emb led h v t h e  u ser  - lit e imp 1 eme Ut at  I on o f  C e d I g t a I coa t re 11 or

would be within the grasp ot the’ conunon user rather t h a n  l i m i te d  t o

t h e ’  ~k i t  led t e c h n i c i a n .  t he  m i c r o c o m p u ter  u.a s  t h e n  11 n k e’d t ip  w i t h

r I t e  s i m u l a t i o n  and the coat r ot  a l g o r i t h m s  were  progr anmted on t h e

macit no V The f i n a  I st a g e  ~~t the’ pro  lect was to run mans’ C es t 5 t e

e v a l u a t e  t h e  performance of the dig ita l cont r o l l er  w i t h  respect  t o

t h c  amount  of  e n er gy  saved when c ompared to t he  e n er gy  t I sc ~ct by coitve’itt iona 1

thermostat c o at  re I o t he (t ea t  In g  of C he st rttc t u re ’  - itie per form an ce ’

~ t th~’ d e v i c e ’ w i l l  g iv~ some indicati on o t t h e  fe a s  lb  I l it v of imp l e’mcnt ing

it on e x i St  i n g  h ou se’s and ~e f  b u i l d i n g  t h e  contro l d.’v ice ’ into a new

~i
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ho s imp i i t  I c a t  i o n  o f  t he’ cen t  j o l  ~i o h le ’m b r o u g h t ,ib . ’ i t  by

c ~t r o t  Ii ag a s m a t  t a t  ion rather than an actu al st  m c t  u t r  1 d e

t h e  development of a mathematical model of i t y p i c a l  hen ~~e’ . A

f i v e room , one s to r y  house  w i t h  c l o s et s , t wo  h e dr o on i s  , k i t c h e n

and  l i v  i ‘ig roo m ~‘as used as he modeled structure ’ . A slop ing

r ot ’ t a d  a t  i c we’ te .t 1 so inc  1 ud~’d i n  t l ie ’ hot i  so node 1 ( see A ppend  i x  Al

l t i e  nat  or i t  I s used  i i i  C t i e  con~z t F u r  t ion  0 1 wa I I s doors , w i n d o w s

c e i l i n g s , and f lo~u r - ~ wer e  a I I cho~ cn as ~vp ~~ 1 i i  r i u u t i v  h~ no s  . In

add i t ion , t h e  f a c t  t h a t  t h i s  i s  a m a t h e m a t i c a l  mo de l  nade  t h e

r a p id sub s t i t u t i o n  of d i f f e r e n t  m a t e r i a l s  poss it i t o , by  s u b s t i t u t i n g

the  new hea t  t r a n s f e r  c o e f t i  n eat  i n t o  t h e  g ov e r n i n g  e q u a t i o n . l i i i  s

enabled the et fect s of  chang in g  i n s ul a t  ion t o  he quickl y determ ined , V

and lad ic at  ions o the tea sib I li t  v of  add ! ug cur chaitg lug insulati on

in  a house t o  he q u i c k l y  ob t a i n e d . The s im u l a t  ion was also easil y

changed to  r e p r e sen t  d i t  f e r en t  t ‘.‘po s of  house ’s  , the ’  on l v  l i m i t i n g

ac t o r b e t a . ’ t h ~’ number of  n o n — r o u t  i guou s rooms i n  t h e  house  - i h e

ana t o  c ompute r  used had a I In t l t ed  number  of j u t  ogr a t or s  and t h e r e  for e

could on lv he progranuned t o  so l v e  an equa l i v  I imi  t ed  number o

d i f f e r e n t i a l  equa l  t o n s .  lh e  t~oss i b i t i t v  of u s i n g  l a r g e r  c o m put er s

or s l a vin g  severa l of the  computers  toge the r  to aehiev~’ simulation

of l a r g e r  houses  or bu t  I d i n g s  i s  o b v io u s  and bea r s  f u r t h e r  i n v e s t  i g a t l o u .

At t h i s  point the basic g o v e r nin g  e q u a ti o n s  were  used to define

j
- 
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t he  (teat flow and t empera tu re  cond i t i ons  of each room . When t i t i s  V

procedure is followed in great detail , tak4ng in all things that

might possibly affect the temperature in a room , the equations

describing the temperature of a room become very large and increasingly

V 
difficult to program . To avoid this needless complication , and to

get a clearer picture of the effects of the control on the variables

of interest , certain simplifying assumptions were made. The first

assumption made is that of constant air density. The value of the

air density inside the house was assumed to be a constant value of

.0764 pounds per cubic foot . The second assumption is that all

doors and windows remain closed . This would be the case in very

V cold weather when doors would be opened for a minimum of time and

windows would be kept closed . The third assumption is that of

perfect ventilation and convection . The air in each room is assumed

to be at a constant temperature throughout that room . The temperature

of a room is the same regardless of the location with in the room .

The fourth assumption is that the infiltration effect is considered

negligible , that no wind infiltrates through the walls or the

windows .

All these assumptions are not really a factor in determining

the results which are desired of the simulation . The goal is to

contro l the heat Lug of rooms in such a way that heat is conserved

when compared with conventional methods of controlling the heating

- . of houses . When assumptions are made which are typical of well

V built , heat conservative houses , the task of saving energy becomes a

- - - - ~~~~~~~~~~~~ ~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
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:~more d i  I f  ie ’ t u i t  pm oe ’t’eiure ’ and t he ’ r e su l t s  w i l l  he mor e ’ s i gn i f  i t - a n t

han t he ’ s,i V I utg it I one rgv  (it a I ow i - I  I i n  i one’ v house’ won I it be’. liv

m d i i  ug a house’ wI t i i ’ It I s a t r e a d  v one ’ rgv e l f  Ic ie ’ uu  t , t he t ask it

V c o n t r o l  I lug  t he’ heat  lag ret t h i s  Itemise In  a m a n n e r  w ( t i r ( t  s ,tv . -s vnor ~~v

V becomes a mue ’ It mere s i g n  I t  I eni n C .u i t d  I inpee r t  a n t  t i n k

The d l i  f e r o n t  h a  h e q ua t i o n s  wit I c -h ri ’ i a t  e t i t t ’  t e .mp e ’r at  cu rt ’ of a

room to t h&’ t ompe’ra C i t t - c of stir r o u n d i n g  spar on I n do r I ved I r em two

has I c  laws of (tea t f l o w .  The ’ I I rst re’ 1 at i’s t ho twa t I low ac ross  a

ht’a t ceinduc t tu g  boundary , dQ/d t  , to t Ite ’ coe’f (
V 
Ic louts of heat  t r an s t t ’ r

in t hut t boundary , k , the  t e’mpt ’ra t u n ’  d l  I ft ’r en t  I a I at’ ross t h a t hounda rv

V dl’, t (to t i t l e ’ kue’ss cut they b o u n d a ry ,  dx , and t he a roil re f  t (t o b o u n d ary ,

A ( s t ’t’ A p p e n d i x  A ) .

tIQ/dt chTJdX * k * A

The change r e f C t ’mper at u ro ~ f
V 

a t hornta 1 ma ns, In t it is  ~-a so a ro om , I s

V ret a ted to the t hernia l capat ’ I t  y ~~ f
V 

~ Ito nt~t t o r i  a 1 , Cp *W , and t Ito h eat

f l o w  In t o  t itt’ mat (‘r In I . W is t (te wet ght  of t itt’ a In in t Ito room and

Cp is the therma l constant re f  t (to a i r .

(ii’ 1 / (C p * W) * dQ

‘rht’se’ equations re’ late ’ the t &‘mp e’rat n r c  ins Ide  a room t o  -
‘ I

he C ompe rat u re of the  sur ro tu nd lug space’s. VFhe met hod tt~ t’d to get —

t he’ t ’qua t Ions  I c u r  each room in t h e  house t o  he ’ s i m u lat e d  I s  not trivial

set t he  proce’ss w i l l  ho considered In d~i a i i  f o r  one of  the  rooms.

The’ heat  t r .tn sm i su ion  (‘ett’ f I f e  len t s wit ic It comb In c t he  t hernia l conduct  I w it v

of the mater In I s , C he t h i  eknc’ss of the waIl s and the of fin’ C s of smue ~ It

t h i n g s  as t i le ,  I h i m  of let ’ t and ret her ta ct ors , a re  o b t a i n e d  front a t a b l e ’  V

I
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of typical values for walls , doots, windows , Iloors , and ceilings .

See Appendix A for a table of the values used in  th is simulat ion . V -

V l~hese lumped coefficients allow the equation formulation process

to proceed with much more ease titan if the walls and other boundaries

V were taken material by material and the exact thentua l transmission

coefficien t were obtained for each boundary . ‘l’he living room (room A’t

is measured and areas of tite interface with spaces adjacent are found .

h eat flow is the product of the l umped transmissi on coefficient , it , t h e’

V 
- V 

ar ea of the wall , and t h e tentpera ture differ e ntial acros s the wall.

lic e interfac e with the outside consists of two walls , three windows .

and a door . ‘I’he respective areas are :

walls 195 square feet

w indows = 18 square  fee t

door in  square  feet

When multip lied by the appropriate u factors the tot al coefficien t

V of t h e  tuti ts ide t emperature becomes:

h eat flow (Tou t - V I ~B) t 19 5 I t  * V .2-~ IITII /h t r - f 1 2 -d og . F + 19 ft

* ,.~~~~ R ’I ’I 1/ hr - ft ~~-deg.  F + 18 ft 2 * 1 .243 R T C T / h r -  ft ’ -deg. F) 
V

V heat flow — (‘(‘ out — Ta) (78.293 Wl’(l/hr—deg . F)

V lice heat flow through the interface between room A and room E is computed .

2
interior walls 10.33 ft

i n t e r i o r  door 19 f t 2 V

h e a t  f low (Te - l’a)(l0.33 ft
2 

~‘ .33 RT C1/ l t r - f t 2 -deg . F +

19 ft2 * ,h4 wru /hr-fr 2-deg . F)

I - h eat flow (Te - ‘I’a)(lS.57 BT IJ/hr—deg . F)

V 
V •~~~~~~~~~~~~~~~~~~~~~~~~ V V 

~~~~~~~ V V  — ~~~~~~~~~~~~~~~~~~ 
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V The hea t f low through the  In t e r f a c e  between room A and room F is  c ocnpiu te ’d .

i n t e r io r  w a l l s  — 63.66 ft
2

in terior door • 19 ft 2

V 

Heat flow (T f  - ‘I’a)(63.66 ft
2 
* .33 I3l’I’/hr-ft 2--deg . F +

19 f t 2 * .64 BTU /h r—ft 2-d eg. F)

(heat flow — (T I - Ta) (33.17 BTU/hr _ deg . F)

The hea t flow throug ht tite interface between room A and room H is computed .

i nterior wail = 29 ft
2

in t er ior  door 19 i t
2

Heat flow = (Tb - ‘I’a ) ( 2 9  f t 2 .33 B l ’l l / h r - f t 2 -deg .  F -4- 19 f t 2 *

.64 B T L J /h r - f t 2 -deg. F) V

Heat flow = (Tb - Ta)(21 .73 BTU/hr-deg. F)

The heat flow through the interface between room A and room II is computed . , 

V

i n t e r i o r  w a l l  72 f t 2

heat flow = (Tb - Ta ) (72  f t2 * .33 BTIJ/hr-ft2-deg. F)

Heat flow = (Tb - fa)(23.76 BTU/hr-deg . F)

The heat  f low throug h the Interface between t h e  c e i l i n g  and room A is V

computed .

area of ceiling — 176 f t 2

Heat flow = (Tci - T a) ( l76  f~
2 
* .12 B Tt t / h r - f t 2 -deg. F)

V h eat f low = (Tct — T a ) ( 2 1 . l2  BTU/hr -deg . F’) V

The heat flow through the interface between the floor and room A

I ’

~~~~~~~~~~ r~~~~~~ V . ~~~~~~~~~~
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is  t-ottt pu tc d . V

Area ol tloor • l i t ,  I t  
—

h e a t  h o w  - - V (. )U76 ~~2 V~ 5~ 6T L ’ j l c r - t t ~~-deg.  F’)

i i t ’a t i o w  = ( i l l  — (a) c, 10? .08 tci’ii / h u r — d e g  I-’) V

f l e e  t cu t s  I (teat  t low in t o  room A I s Lice stun r e t  a l l  these

i ad iv idna I hea t  f l o w s , p I n s  any hea t  s o t u m  co re t  s t ick (h e a t e r  or cooler)

ciQ c i t  78. 2 ’ ) V 4 (  I r e c u t  — ~~~ fV 15 5 7 ( V I V e, — C 3 3 . 1 7 t t I  — ‘la) I

I i i  - ~a)  C 2 1 . 7 6 ( t i ,  - t a )  I l t ) 2 . 0 8 1 U t (  - ‘l a)  2 l . l 2 C h ’ ci  - ‘l a)

V Qe ’x t e’ r i c a  I ( ( t e a t  or )

When all terms are multiplied out and t h e  conmion terms are collected ,

t it.’ e ’q uu a l i o n  hee’onces

V dQ dt  -2 9S . 72~ Vt ~ 78 .29 4 * f t  -
~ 15 .~u7 .~ ‘f~ 3 3 . 1 7  * V i f

4 2 1 ,73  * I’), ~ 2 3 . 1 6  * Tb + 102.1 18 * I V I I  4 2 1 . 12  * ‘ Ic i  + Qext .

(‘ i i i  n t ’q mta t  Lo ut  g ives  the  (tea t f l ow f a t  o roont A as a func  t ion of the

t empera tures  of ad j acen t  spaces and the  app l ied  h e a t e r .  ‘l’(t e u n i t s

are ft I 1~/ tt r , A q u i c k  check ott t he  v a l i d i t y  of t h e  equaL t o u t  is to

l o t  a l l  t empera tu res  except  t h a t  in room A be set equa l to  that in

room A .  When t ic is is done , the  heat  f low equat  ion becomes:

dQfdt  = Qext .

hi l t S e q u a t i o n  i s  tin t’ fit i b i t t  wh a t  I s  requi red  is  a r e l a t i o n  between

t h e  t empera ture  in room A and Lic e t emt tpe ra tu res  o f a dj a c e n t  spaces .

To f i n d  th is r e l a t i o n  t h e  therma l mass of room A must he computed .

‘(‘he t h e r m a l mass in the  s imu la t ion  is assumed to he otily the air

ii ~~~~
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lb

within tite room . 1~h i s  may not be an e n t i r e ly  a cc ur a t e  a s s u m p t i o n ,

hut  t he  o n l y  thing affected by the’ changing of t he  therma l mass i s

the t ime constant of the room . ‘rite steady state response is not

changed and the re ta l amonuc t of hea t is not changed . We must n~~

I find th te we (glu t of the air In  the  room cons ide red , room A. Tb is

is done by f i n d i n g  the  volume of the  room and m u l t i p ly i n g  i t  by

- the  d e n s i ty  of a i r .

- Volume of room A 176 f t 2 
* 8 ft 1408 f t 3

V 

W = weigh t of the a i r  = .0746 l b s / f t 3 
* 1408 f t 3 

= 107 ,57 12  l b s .

I ‘t ’pW ( 1 1 . 24  W l ’ I J / lh s — d e g  F ) t l / 1 07 . 57 12 ibs ’) .03873 deg F/l(TlC

- this fac tor relates the (teat flow f r i t o  room A to the temperature in

room A . When the equation for the heat flow into room A is multi p lied

by this factor , the result is:

4 dT/dt -11 .454 * Ta + 3.033 * Tout + .6031 * To + 1.285 Tf +

V .8417 * tb + .9203 * Tb + 3 .954 * T f l  + ,8181 * Tci + .03873 * Qext. V

(deg . F/itr )

- 
- ‘huits equa tion relates the temperatur e in room A to the t emperature

in adjacen t spaces but  the  coeffic ients are not in the best form for

V prograu~ning on an analog coimtpttt er so the change In t emperature per

minu t e is found by dividing the equation by 60.

d’l’ ’d t = - .1909 * Ta + .0505 * Tout + .0101 ‘
~ ‘Fe + .0124 Tf +

V .014 * rh + .O1 S 1 * ‘i’h + .0659 * T f l  + .00646 * Qext + .0 13 u  * Tel,

(deg F/mm )

V 
The same procedure is followed for all ten rooms to arrive at the

complete model. There are ten compartment temperatures , f ive  hea ters ,

1~~c,I
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V , iu d t. It e  out side t e mp e r a t u c - o as ~V a  i
V jab I es i i i  ( l i t  ‘t ~ a~ t o l l S  V I h I C  o u t s  ide

t i - l ilt’  e a L i t r e  and t it e  (t ea t  em a ci’ cons ide red  i t t p u t  s and mite t emperatures

a u ’  t o u n d  by s o l v i n g  s i m u l t a n e o u s  lv  t h e  ten I l u s t  ~it d ’r di fferential

e qu a t  i o n s  which compri  so the mode I . See a p p e n d i x  A f r e t ’ a comp lete’

I i  5 1  1 t ic  e equat iouts nud t itt ’ proc edur t ’ used t
V VI r each room 1 0 a ive

a t  t~ i~ ’ s ’  e q u a ti o n s

lb  s unod~ I r e p ro s  o u t  I a j
V 

1
V

a u u c t ~ htoti ~ e’ upon wit i t  it c V r t  it i i i  Fe ’s I i’lt’ t i 011 S

I I V I ~~
V
t b o o n  p~ aci ’d. Wh I l~’ t h i s  ncav not 4~~i v o  a t o t  a l l  \ accurate n i c t u c ’e

1 1 1 , t l ~iI i ,It~t t ’i~i S t  los ot  t i l t ’ l t o t t s t ~, t i t o  t i t c t o r n  c u t  i n te r e s t  art ’

s i t m i l _ i t  c~I witi c a b ight ttt ’ c~c e t - r e t  ~ c u t e c l _ t i  ion  w i t i c  t h e  . t t - r  t u a l I t oit i~i~

~ow t i ng the r o s t  r i c t  l o u t s a r e ’ t ru.’ r e t  t i c e ’ u c ’a I (count’ as w e l l .  l i c e  V

s i unu ‘U ion  wh ichi I tic laden every var tab h e ’ and 1e ’ h a t .  ioi~ t h at could

p r e s s  e b  l v  i t t  f o o t  t h e  p amal t ie t cm ~‘t j tl t c ’Fe ’St f l i , i V  \V ~~~~ L
V
v wt .l  I ho im p o s s i b l e

p i r e c r i n i  . I t~ i t  i s  p res  j ( u  I c  , the ’ ~~~~ cam vi I I t’~’ t i tu I t o  l ar g e  and th t e

rt ’s l t  i t  I tu g v i  ow ref  t h e  pa rzmnce’u i i  s o f  i t c h  .‘ u  t ’~i t  W j  I I h1 ’ I lL’ i~ V ami d

v I i . I t ’ c t i r i t t  V ilite t o  C l i t ’ i t c t , l I n u I l a t  ion  r e t  t i i c ~ - ; in ,t  I I  i l tc i t i i l i i t  S(
~ f su it t a o  ‘ m - ror , s t a t  i t t’hcic rgo , and o t h t ’~ sc cucic i c s t  i t  t a c t  ors  which

- l  I i’ a ‘ V u r t  re f  t ’ V O F V  ni,-ic it t n t ’  c o a l I , e ~d s t ut u  I at  t o n .  :\ s i m i t i at  ion  wit i t ’it

I ~o s t h i t ’ m i n o r  r e l a t  i Ot i s  au t d  cons  i t iers l i ce  inS jot u~t’ h a t  i o n s  gi~’t’n it

C I 0 , 1 1  • uctOi ’ t’ ea s i t  v rea I I  ~ e’tl y I t’W r e t  ( i t t ’  pit Fauce t e I 5 l i t  que’s C lout . Even

t h tu iug hc t Ice r e su l t s  may he s i  Ig h c t  I v  d i i  f e r on  t
V
c.om 11cc i’~~~l svst em , tVh C

l u s t ’ r e t  c ompu ter  s tmu 1st t o u t  t re at ’ c tu t ’ im o i ~
- and  q i t i  ok I v ( ) I V &,d 1 e t t h e

pt ’ 1 1 0 1  m a u t c  e re t  t ice ac t  et a I sv I em i s  S p t O ~ i ’ll t l l t • (  l it i s  ttiod~ 1 o f a

h o u u s t ’ t - aui  he used Ire pt ’ed Ic t h i t  ~‘ bt ’h um v I cur r e t  au Set  t t ~~t I hou se’ wit I cit

is ‘‘xp re se d  to v a r v i m i g  o u t s i d e  t e~ntp or~c t  m i r e s .  l’h i s p r e d i c t  t on  cati he

____________________________ __ 
V
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used to design a control system for an actual kou~ e w h i c h  w i ll closel y

hollow the behavior of titi’ cot t t r o i  icr  used t o  con t ro l  t h e  simulation

of the hou se.  The energy sa ved by u s in g  t i c I s  cont ro l  her in a real

house should he roughly the same as that in the a imu h a t  Ion , ass um ing

the s im u l a t i o n  is programaned w i t h  adequate ’ e n g i n e e r i n g  s k i l l .

V -
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
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• h u t ’  s e licit I at i on  now con s  i s I s  of  t ou t  s ( mccci I t  aneou s  d i  t t eretct Ia I

e’elt t il I touts wit ic t etc t empo rat it me ’ vs ml ab li ’s • I I vt’ host e’t I u t p e u t  s , act

V o u t  s ide t etcipe rat lur e ’  I np ec t  and t ice 1 1 o u t  t e’nupe ’ r a t  t l i~t’ i nput  . ~o s o l v e

t hes~’ equat ions by hand  w ou ld  li t’ v e ry  d i i t i cu l t  u n l e s s  t i l e ’ i n p u t s

were’ a ll assumed to h~’ c c u c i s t 8 t c t 5  aitd tIte t emp emat  cures  wt’re also

~
t S S l t l i l e ’cl t o  be constants. l’he’mi l ice d~’r i v a t  ivt ’s w o t u l t i  u I i  be equa l

t o  z ei- o and tic e sol at 1 oct becomes a tics t I cc at  sol V I ug C en S iti tti I taitt ’oiis

a l  gebe ’a I ~‘ equat l ouis . l ’hce answer t re t h u  e p rob I i’m tu I so lv i tig C Icese ’

: equal  ions  iu t  seu t ’hi a uccautner its t o  make  C i t e ’ ii l icc e u l a t i t ’ l l  use’ t u t  i s  t o

uiie ’t ’ I a n t  z~’ t hi ~ so t  cit  ion . Th ,t t i s  , U S i’ th t ’  c output ret ’ to  solve lice ’

t ’~~u t a t  I “us i t t  a it igh speed mode • g lvi uig a ices r i~’ t ’oict I nuous  sol Ut ion .

h ’h t ’ e’ tit  i c- e mod e 1 was pt’ogratctucted on t i c e  Il ict -t ucc ou t i c  I j ute’ Si ta c -In g  Sys t ent

i u s i  icg a genera l purpose  d i g 1  C a l  s icccu l at  i re mt  p r ogram . h t l ( ~ IS iN , developed

1’s’ F ,  F . Mi tcice’ 11 . Tb i s  sol  at ion gave some in s  Igict In t o  the  care

o u t  g u nit l i v  exe rc i sed  i t t  t’output ing  t h e ’  coefficients o t Lice ’ equat 1 out s ,

it a h u t ’ s [mu t a t  ion  ‘‘blow tip ’’ w ic eut  m ’ t u m c . A t t t ’ i ’  re coic cptit  I ag f l i t ’  equal I tins

acut oc i I V t i ,c t  t ag  h i t ’ errors , (ice (tre tist ’ t cu ( low esul C l u e ’ ~~t u t  s Ide  ( t ’ctt pt ’ i i lt t u i ’ e’

a i t  shc ou ld . w i t h  a t (me lag  t lvp eit dctt  t out ( l i e  e oottc . l i m e ’ coict ro l let

wa s  .t i S c ’ (t ic  laded vi tic tic I s program and appea red to he t
V
UI t C t i  oni itg well

W (te’mt ti c~ (test used over a period r e t  t ime was nceuc sured w i t h  t ice  rooms

V 
tu s ( i t t  i i i  uu ~ d at some t encperatttre above the  o u t s  ide tencperature , a

e,’h c ai t gt ’  was noted when thc t ’ di ’ Ituc I hue i n p u t  to  t (ce program was changed . ‘ I
:It tempt s to stake the  de lta t l uc re f n c r e m e m t t  as sums ( I  as was u te ’ t’ess arv  

V

t o  a s s i u c ’ u’ ac cur a  t e’ sd cit ion by t (te Ri iucgt ’— Kii t In me ’thcoei re’su It red in  vi’ rv

V

V
~~
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l ong run t Imes [or the sinnt lid ion with out assuring a good soltu t (ott ,

-fhe ices t used over a period c u t  t [me was a o’ ii t ii he ’ a I utic t ion cuf t i t t ’

t (me increment ttsed to solve’ lice’ Rungt’—Kut ta tat egrat ion  algori ticti .

A l i s t i n g  ot  t h t ø  program is inc l uded in Appendix ii.

I
l’htt’ sticiulat (ott was sieved t o  C h it ’ tu t u I rep c c i t l l i u u l t  c i i  w h i m  V t l i i  

V

V dynamic ’ s were programmed oct t i c i ’ FA I — (~8l ann log c ouccput e ’r and t ilt’ c o m i C  i’ol I ec’

and o ther  programs were ’ prt ugramuced on lice (‘tIP — I ‘ digi ta l computer . Se ’e’

AppendIx P lot- th~’ anal og (loW charts and listings OI
V 

h i t ’ digi tal

programs used in the  s imula t ion . 
V

S
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l i i i .  I., F E R F M .

H
I l’o c om it ro t  t ice ai ta 1 eu~~ s it icu I a t  (O t t  o f  C lie ’ (mous e ’ w i t it ( lit ’ 

V
i

(1—8 microcomputer , an m t  or face between tice il— S and the MA I —681

was necess’ary . Th ere were two primary reastiuts for this interface.

The f i r st was broug h t about by the fact tita t t he  11-8 performs

operations on 8-hit binary numbers , while ti lt ’ EAI-681 uses atialog

V v o l t a g e  l eve l s  t o  represent variables in i t s  s o l u t i o n  r e t
V 
equations;

t h ey  r ep re sen t  room temperatures in this case. V I V
.,i conver t  t h e s e

- various vol lagos into infor cuat  ion wic i cit cou ld  be processed by the

Il-S in order to contro l the  simulation , an interface was needed . The

se’couid reason for an interface was the incompatibility of the 11-8

control outputs and tide voltages needed to control electronic 
V

sw itch es on the EAI-681. Also the possibility of introducing a

1. vol tage level which is not of the type expec ted by the digi tal

system , such as a negative voltage level existed . So a buffer

svsten t between the dig ita l ou tpu t  of t h e 11-8 and lice digital

porti on of the EA1-681 was needed .

[ An 8-bit analog-to-dig ital converter was used to convert the 
V

V analog voltage levels into binary , 8-bit numbers for the il—S to

process. There wore several rooms to be monitored so there was a 
V

need for either severa l analog-to-digital converter a or multiplexed 

V

input to a single analog-to-dig ital converter. Since the 11-8 could V

only read one parallel i/o port at a t ime , receiving one 8-bit

(f
—. -~~~ V ~~~~~~~~~~~
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number , then ano the r , a m u l t i p lexer  would h ave beeit necessa ry  t o

sele ct whicic analog-to-di gital ceiucverter to read . To save space ,

t ime and materials , a multi plexer was used t o  select one signal

V to go i n t o  a stutgle analog-to-digital converter whicic was read

by a parallel 1’O port out tite il—S wh en the “data val id” sigital

went low . The m u l t i p lexer  was c o n t r o l l e d  by the  ou tput  f r o m  one

of the parallel I/O ports and the  da t a  from the  a n a l o g — h o — d i g i t a l

converter was read into the  i n p u t  s ide  of the same port . l’o

pu’ot ccl tic e’ analog— to—di gital converter from lice’ possible spurious

voltage’ levels thcat migh t occur in t h e  E A I — 6 8 1  , o per a t i o n a l  a m p l i f i e r

vol tage Id lowers were used as analog buffers on the inputs to t u e

m u l t i p lexer  and on t i te  input  to the analog-to-digital converter.

The basic componen t for the analog-to-digital interface was

an ADC-F,K88 monolithic analog-to-digital converter chi p maucuf actured

by flatel Systems Inc,(see specification sheet Fl . lice in p u t  fo r

thi s chip came from a C114051A analog mu lti p lexer(see specificati on 
V

slte ’et 2 through a 741 o p e r a t i o n a l amp i I t’ter vol tage fol lower

see s p ec i f i c a t l o i t  sheet 4~~. V l ~h tC m u l t i p lext ’r  was c o n t r o l l e d  by

l’ l’L signals from thce 11-S whi cic were pulled up to the logic level

needed to operate the Cl’1405’tA, These signals were pulled up to

the necessary level by putting them through a N7407 non-inverting

huffer /driver(see specifica tion sheet S~~, This buffer Itas open

collec tor outputs , allowing the signals to be pulled ttp with a

vol tage source and a resistor for each signal. rice output of the

a na l o g - t o - d i git a l  converter chip was buffered with a (‘D4O1OAE

~~~~~~~~~~~~ V ~~~ ~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~
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hex hu ffer/converter (see specification sheet 3). These si g n a l s

V then go into the parallel I/O por t on the 11-8 where they are read

by the CPU . Control for the ADC-EK8B analog-to-dig ital converter

was accomplished in an indirec t manner . The signa l which told the

chi p to “start convert” was connec ted to the “send da ta” output of

V a parallel I!~ port on the 11-8, This signal was high all the t ime

except for a pulse of about five microseconds duration , occ ur ing

- 
V whenever the pore is read by the CPU. This is because of the inverse

logic used by Hea th perip hera ls . Therefore , Cite analog-to-dig ital

converter was essentially in a continuous mode(see signal relationsh ip

ehar t~~. The “data valid” si gna l from Cite a n a l o g - t o - d ig i t a l  conver te r

was sent via the CD4O1OAE buffer to the  “data sent” inpu t on the

para l l e l  I / O  port. The hardware of the port insured that the port

would not be read unless tite signal present at the “data sent ” input

was making a t r a n s i t i o n  frost high to low , Since the chip was conver t ing

c o n t i n u o u s ly , the changing  voltage levels would be read at the value

t hey  were when the  I/O  port  was read , not the value they were at when

the “start convert ” signal was sent to the  conver te r  c h i p .  This  V

helped eliminate some of tile t ime lag involved in controlling the

s i m u l a t i o n .

The H-8 was programmed to use this interface in c o n t r o l l i n g

tit e simulation . The control outputs were sent from Cite parallel

I / O  port where they were latched between output commands , into an

N7407 buffer . On the output side of the  b u f f e r  the s ignals  were

pulled up to the TTL logic level used in the EAI-681 analog computer ,

- 
~~~~~~~~~~~~~~~~~ i V ~ ~~~~

—
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p o s i t  ive t ivt ’ v o l t s  . I ’ht ’ b u tt Icr a Iso assured t (cat lice out put t si gu ca I s

would  (cave t he  necessary tan-out s t r e u t g t i c , l ’h cest ’ s i g n a l s  were  used

t o  t u r n  e ’lt ’ e’t r o n i c  swi t  ch t ~s on acid o f t  , t h e r eb y  s imu tlat ing the t t u r n i n g

on and o f t  of healers.

V l~tce (1—8 computer was able to control the sim u t l atior c b~ taking

a sot of analog voltage s and oti tp tt tiu cg a set of control signals ,

wit ic the interface ’ makin g t iut ’ s i g u c a l s  c o m p a t i b l e  b o t h  to the H— 8

and t a  t i m e ’  M A !  -~~Sl . Now t h c e ’  14-8 can he prtcgramruced to  con t ro l the

V s imu tat ion wi t h ou t  regard  f or  t ic  e ha s i c  I uccocicpat i hi 1 i t v of t he  s i g n a l s  -

Idea l lv  t h e  t u i t e r f a c e ’ should  he t r a n s p a r e n t  to  Cite  11—8 bot ic  in te rm s

of input  autd output . This qualit y is acitieved almost perfectl y on

the output of the 11—8 , but  t h e  i n h e r e n t  t m e  l ag  involved w i t h

V 
conve r t ing  a n a l o g  v o l t a g e s  i n t o  b i n a r y  numbers make transparenc y

V V of the input to the 11-8 impossible . However with the AIX’-EK8B

converter in the continuous mode , the t ime lag is minimized .

_______ ~~~~V V~ VV ~ V V ~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~ -~ ~~~~~~~~~~~~~ —- , - -=-- ,-
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- A P C — l - K 8 R  S i g n a l  Mois t 1~~u iilit p
V 

Char t

V i  Hi gh 
V

Low 1’ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Start Convert

conve’ I-s ion t ime’ -

~~~~~~~~~~I h h I glt f
L I

Data Valid
V Clocked

( l i ght _____________________________________________________________ 
V

H i,ow V

S t a r t  Convert V

conversion time
V h i gh _________________________________________________________ ‘

Low 1 1 1 I
V ‘ Da ta Va l id

V

V Mree R u n n i n g V

‘l’lce p a r a l l e l  port  on t i t e  11—8 is set up to read the port when

i t t ’  “ (( (t Il t  sent ” input makes a trans it to ic f rom It I g iu to low . Ti t c i s  h i , ’ V

& M)~ w il l  he read when lie data valid signal is utaki rug t 1i~ I u’a t i cc  I t i u ’ n

I u ’,cun itigIt to low . (‘he start convert signal Collie ’S from tics “scu d

da tn” output on tlte il—S parallel port. ibis signal is itigic except V

for a v~’rv short low pulse when tlte port is read due to the inverse -

V logic of Heath peripherals. This signa l is seen as on effectively

V continuous high signal by the ADC-~ K8B , putting It in the tree V

running mode .

L ~~~~~~~ 
— V - V V V 
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V~~~~~~~ V~~V V V V~ ______________________________



-- ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V ‘V _ V V  ~~~~~~~~~~~~~~ 

V V 
V~~~

V
~ ~~~~~~~~~

~

V

V
V

~~~~ 

26

cl[AP’l i-:R 5

CON’l’ROL

I To (cave the  H—8 computer cont ro l  the house simulation , it was V

V necessary to write s program wit ichu could read the time and then the

V temperature of each heated room , staking a decision to tu rn the heater

1 i i i  eacit heated rooctc e i t h e r  on or off according to the reference for

t h a t  room . The prog ram to  accomp l ish  t h I s  t a sk  w i l l  he supp l i ed  w i t h

- 
V~ reference values WhICh are associated witic a particuliar time period .

lice user will eventually program both the parameters of the t ime

period s and the  t empera tu re  references  for each room assoc ia ted  w i t h

that time period . For the sake of simplicity the time periods were

V chosen and built into this program and the temperature references

were left as inputs in the form of octal numbers , each of which

corresponds to a particular voltage level or temperature level .

It is necessary for the program to select tite multi plexer command

to put lice t ime signal into the analog-to-di gital converter of

tice interface. ‘ The value which results is used to select which

time frame and therefore which set of temperature reference levels

are used . The program then reads each room temperature in a similar

V manner , compares it to its reference level and adds the control word

V 
for that room to the command word or goes on to read the temperature - V

V of the next room . Since the control words are aJ.l in increasing

powers of two , In binary numbers , they caut simply be “ORed” together

to give a total command word which will affect all heated rooms . This

command word is then output to the control l ines through a parallel

input/output port , turning the beaters either on or off. The program

~~t L._—z~,’~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I V

4. V then cycles through again , starting with the read t ime operation. In

rea l t ime the program would have a period of rest at this point , but

the speed of the simulatioa made continuous operation necessary . The

t program flow chart , mnemonic code listing , octal operation code listing ,

mnemonic code definitions , and vol tage level to octal conversion chart

for the interface analog-to-di gital converter are listed in Appendix E.

V -
t

C

Ii
‘til

- V  - 
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~it Al ’I’l11t Ii

R E S U 1 I S

The house s im u l a t i o n  gave v e ry  s a t i s f a c t o ry  r e s t t l t c i . I t s  b eh av i o r

compared f a v o r a b l y  with lice performance of au a c t u a l  icou s e .  i’hest’

conc lus ions  about t he  s i m u l a t i o n  are s u b j e c t i v e , as t h~ h c o t t s t ’

wh ich  was simulated does not exist suid au c v  c o mp ar i s o n  on a p o l u c t by

point  bas i s was tmp os ih i  e . flue s incu l at i on  ~ t S C ’ l i  wzc s used t o

develop an energy efficient prograucuning strategy . I n  t he  pr o eel

proposal it was assumed that a nced [acc t empera tu re ’  set  t ru g ox st  Ott

between t ite  octt side temperature’ and t h t e  c om f o r t l t h 1 e rue  ide ’ t ~ ‘mpe ’ra  U

which  when used for  t he  r e’ ft ’r enct ’  I u’W cp er a t u r e ’ t or .tu Ufl t icz ,’Cl i
V

I~~~~~~~ woc u 1 d

yield a minimum (teat list’ . lid s nced Ian  e ’mpe ’rnt cure  was soc tg b u  I liv

varying the reference t emp e r a t u re  e ~ on, ’ room wit ! e h o l d i n g  a l l

o thers  at  an a r b i t r a ry  t empera tu re ’  w i  t h u  iteate ’u’s . lice’ ou t s  i de’

temperature was set at 20 degrees F’ and a l l  i n s i d e  room s ex c e p t  the ’

V ones being tested , either one at a time or i t t  e onch inat i occ s of two

at a time , iceld at 75 degrees F’. V I ~ite rooms being tested were

maintained at various temperatures ranging from the outside t emperature’,

20 degrees F , to the inside temperature , ‘S de’~~re,’s F’ . tic, ’ simu lat Ion

was then run for eight hours  (eqttiva 1 e ’uc t rca I t Icne ’f and the  tot at (ceat

used was measured . The r,’s~u t  t s  ~‘f the ’s , ’ t , ’s t  rctns fire d i  su l  a\’e’d

graphical lv in Append ix F. lice’s,’ t e s t s  gav ’ an I n d i c a t  Ion of wlc e ’t lcer

a temperature above the  outside temperature’ would b~ a more it eat

efficient set I ing for the ttnused rooms . As the grap ics iccd I cat c , tin’

heat use is at a minimum when the t emperature set t t c t g  Is b , ’low the

steady state uniceated temperature for th~ room . Th,’ s t e a d y  s t . i t , ’

- :~~~~~: ~~~~~VV ~~~~T:~~~ 
~~~~~~~~~~~~~~~~~~~~ ~~~~~ J 1
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u i nhe ’atcd I eu ccpec.c t i t t , , I or a roost i s  t i t i c t t e~u n p e l a t cu r , ’ wit i Cit  t i l t ’ r oom

sot I I e s t o  wheuc utthe’a ted. t a t ’  Ji l t ~ react’,’ bet wetna tic a s t enupe ra t  t a r e ’

and tite outside temperature is caused by the (teat tiow t c’otct adjacent

rooms . In a l l  cases t h e  u c in lmc t rn  lt~ ett V use ’ occurred whett I lie ’ unu sed

ro~tnc was unhea ed . ~t ue  C eunp e ’ ra t t a u t ’  that I t ’ r eo tn  set h it’d t o when

unltest~’d is a lunction ot  the room , the temperature ot the adjacent

rooms , and the  outs ide’ rooms . th e se ’  results art’ i t t  accordattce wit it

a theorat Ical analysis of the’ house’.

A s m t 0  l i t  t ed  ntod~ 1 ot  a ittiuse wi tlt f o u r  svmnce t ci c • cubic rooms
1

u co att Ic and a l l  w a l l s  made ot like tccate’rials Is used b r  t h e’ t l t eore’t i c e c l

, cu.u 1 vs s o t  the’ house V A $ imp le t  st  ruc care Is used b r  this ana l vs is

V ‘ h ’~’a u i s e  01 the size and number ~i t  equ .ut  ions Involved  lc~ t h e  sitnu l~at. ion

used  I ut t i c i s  p ro  Oc ’ I

1.
I;

I ’

d t ~~A~~/d t -NA ~ 1.c $ N2 l b  + N I  * ‘Ic 4 )~5 ~

~ll ’ I, fl) / d t  — — N i t  ~‘ Tb ~ Ni * l~ + K4 * ‘Id + K’-’ “ l oud

— -NC ~ ~~
‘ V~ I- Ni ~~~~~~~~~ ~~ -‘ fl + ~ 5 * r~~

d u c , F”l ‘dt  — - Nl $  “ ‘Id + N 2 * ‘l’h + N I  * l’c KS * Tout

Assume that rooms U , C , and 1) are heated , maintained at a temperature

Ti , greater than Tout . goei~~~ A t s  unheated and the system is at steady V

• ( state , so that a l l  de r iva t ive  terms are equa l to Raro .

• V

V

i

__________ —- V 
- ~~~~~ ~~~~~ V _~~~~~~~
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V 1)

V 
Ta — (K2 * Ti -4- K3 * Ti 4- K5 * ‘rocut~~/ KA

The tempera ture In  room A when u n b e n t  ~d i s  show n t o  be a f uu i ct  Ion

ot  the  t e m p e r a t u r e s  In the a d l a c e n t  rooms , l ice  ou t s i d e  t e m p e r a t u r e ’ , and 
V

t i t t ’ construct ion of tic e room . ‘rice h e a t  use r , ’l a t  I e r r s  h~~t c,’ , ’e ’ . r  t i 1 ’ rooms V

can he det ennined in  a s im i l a r  ‘~ut n!ce ’ r For t t ’ ’  e mre  r a  tur re change’ t o

ho t’qua 1 t o ~~~‘ ro , the  n+ ’ t heat I I ow l o t  o tic e room lia~ to ho eq ct a 1 t t i

- flu is means  t h a t  t l c e  heat or , ‘ut pu t  i~ t r a ~~ t equa l  t 0 1 he ’ l u e a t

ioss of t 1 ue room , either he ’t- u i u u e’ o t t h e ’ s t z e  o t  t h e  h e a t  e’V or mor e ’

V V~ c otcunonlv t i l t ’ h e a t e r  is t u rned  o~ I and out In such .i m anner  t h c n t  l i c e

total heat over a period of t ime is equa l  to t hu e  t o t a l  ha, ’at I ose

oI  the room . To accoinp i ish t h I s  a c’ont  r o l l e r  i s used t o  u ca int  a lcd

the temperature in  the room at a constant lov e’ I , thereby ha lane i n~’. t h e

net iceat flow at zero over some’ t ime period . to illus trate t h i s  
V

the simpli fied model Is again used l i c e ’  h eat  f 1 ~~w oqua t  i on s  b r

the rooms ar e :

dQ(A ~ ‘dt 
_KA ’*Ta 4- K 2 ’~~Th + K3’*Tc 4- K 5’’~ ~~o r r t  + f le at , ’u -  \

dQ(B~~/ dt  = _ KB ’*Tb + K l l ~~l u t  4~ K- ’+ ’~~T~ 4 K S  ‘
~‘ 

1~~ t r t  4 hei~te’ r B = 0

dQ ( C ) / d t  ~K C ’~ Tc + Ni ‘*15 4- K 4 1 \ V rd + ~ ‘r ‘
‘ T a u t  4 t t e ’a t  er C 0

,iQ 1, r$~ /dt —KJ~ ‘*Td 
4- ~ ‘ 1* !t , -~ K ~*‘ft K S ~l,V 

~~o r r t  f lo a t e r  0 0

When these equations are summed and the  In d i v i d ua l  hea t  er s  are’ comb i rued V~ 
-

In to a sing le heater the result is:

Heater C” K i  ‘ — XA~~ * ‘F5 C” ' X ” ’  - KB ’~ * 11’ ~ (“' NI’ —

* ~~~ 
( ~~ 

V~ — ~~r u  ~ * ‘I’d 4 V t  * N ‘ * V i

I. V

~~~~~~~~~~~ V V~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~- 
-- 

V ~~~~~~~~~ 
V
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:~~ • s~~ metrv  01 ~t ue ’ rooms n~~kc it possible to  eq u a te  t he  C o t ’ l l l c i e f l t s

of t h e  room teur.peraturesl (2* N i -  NA ’) (2* K 2 ’ - KB ’)  Keq )

~ I Heater Keq(Ta + Tb + Tc + ‘Id) + 4* K5’ * Tout

V V , ~~~~V~~j 5  i s  t he  equation of a line which is a linear relation between the

of Li , ’ room t emperatures and the iteater value . Ther e for e an y

I , )  s u ~~e S c t t i f l~’. w h i c h  is g r ea t e r  t han  the ou t s ide  temperature

u~ t~t ai ’o greater t han  the steady state temperature of the  room being

he ’a~~eJ w i l l  ~n c r east ’ t h e  t o t a l  amount of heat  used . Since the  ‘ V

s . u u u t a t  ion cons idered  is onl y be ing heated and cooling is not a V

4
, .i t t  e : tue cn, ’r ~~v c o u s i d e r a ti o n , the  p lot of t h i s  equa t ion  w i l l  be

s t : i~~h :  Lao with s ’ope of zero w h i c h  tu rns  upward w i t h  a pos i t ive

sLco ~- d e pe nd ent  ot  t u e  t empera tur e  o f  the  unused room . The graphs

V ‘ ~n ~~~~ u ’~d i x  F illustrate t h i s  fo r  the  case when the  room is maintained V

at th e ~ .auue t emperature for an ei ght h our  period . I f  cool ing were

eo u s i d e r o d  iu~ th~ model , the energy curve would be at a minimum when

t I C  t emperature reference was equal to  the steady state unheated V

V 
temperat ure and c~ouId increase when the reference tempetature was

V -‘ ‘wt”t ’i  because of the energy needed to cool the room to this lower

t eru;ior,iture . It can also be seen that the constants Keg and KS’ are

eq u a l  ama o p p o s i t e  in s ign , s ince  the  hea ter value w i l l  be equal to

,~ero wh en a l l  rooms are at the outside temperature . V

V
, h i u  analysis shows that for the steady sta te case the optimum V

temperature setting for an unused room is equal to or below the steady V

state unheated temperature of the room . Therefore a room which is to J- V

be unused for a period of time should be unheated for the greatest

1 4
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saving of energy . The only consideration is the room itself , witether

i t can be allowed to go to the low temperatures th at may result when

V 
the outside temperature is very low . i f  this is a factor tic,’ room

may have to he progranmced to stay above sonce low temperature , not  t h e ’

most efficient setting but necessary for the room . it icas been

V 
stressed that t h is  analysis is valid o n l y  for the steady state case,

t he  room t emperatu res  are  chang i n g ,  the derivative tenccs do r i o t

oo to ‘,‘ro and t h e  so l u t i o n  becomes a great d e a l  more c o m p l i c a t e d ,

se’’~. otion of t h i s  problem is one of the reasons that the’ sim eu l~~tfon

was imp lemented on the hybrid computer.

V~ 4

Tests were run for a variety of differen t conditions where a

steady state solution would  not be appropriate. The f i r s t  se ries

of tests involving the setting of the reference temperature to a

constant l evel and m a i n t a i n i n g  it the re  for  a period of eigh t l ’our s

were duplica ted with some changes . The unused room or room s were

I nitia lly heated to the same level as the  used rooms and the’n turned

to  a lower reference temperature for a period of time less t han  the  V

t o t a l  run time . The unused room was again turned back up to t h e

reference temperature of the used rooms before tice t e s t  run was ended .

Two differen t t ime periods were cused for the tests , one hour  and

i r
~~, r . t  t c , ,,,n t v mtu cu a. es V

] V t  e re ference tempera tu re of th ce unused rt ’ ’ru

during these short time periods was again swept th rough  va lue s  between

the outside temperature and the temperature of the  used rooms . The

V results of these runs are displayed grap icicallv in Append ix F. As

the graphs ch ow , the results are much the same for t h e  n o n - s t e a dy  st n t o

________ - - 
-

~~
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V

cas t ’  as t ,~~V
~~~11L ~ st ead ~’ s t a t e  ~‘ c s e  . i 1 i t  c u r v es  art’ leSs 1 iu lea r  but

I t he  t read  is  upward w i t h  In c r e a s i n g  iv t er e n c e  t e mp e r a t ur e . the grap h

t or the unused time ot t w e n ty  t h r e e  minutes show s t h a t  the rooms

do not  have t ime t o  coo l o t t  d u r i n g  t h i s  short  t ime period , so 
V

t h t - amount 01  h e a t  saved i s  very lttt Ic.

L ~h e proposal ot  t~~n d i u g  a median temperature which would he used

tor the reference temperature b r  the un u sed rooms in  order  to •t t ec t

a decrease.1 heat  usage when compared w i t h  other temperature settings

:or  t h e s e  rooms ha s he~ u ti;orou~ hc i v  i U~’e~ t igated . :1 g rap h O t
V 

t h e
V 

heat  use  e q u a t ion  d~ vt ’ l~~pcd for  th~ s imp ’i i f l ed  model  w i l l  i l l u s t r a t e

t h i s  t e ~u p e r a tu r e .  Here we assume h e a t i n g  and coo l ing  to  show the

opt intum c u r ve s .

~~~~~~ Al. h IA CSi P \ ‘FR SI’S Ni  SH~ ROO~’t TE~’iPERATU RF

lowest heat used

( w ithout cool ing

1~ V 
V

i’steady state

l ’Nl’SEII ROOM TEMP ERATURF V

( 1  V

1~1 V
— V V 
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The most energy was saved by setting the unused room temperature 
V

V to some value below the steady steady state temperature in that room . V

This chapter has given some analytical reasons why the controller V

was progranmced to work the way it was. It ha8 been shown that the V

best temperature setting for a room that is not to be used for a

period of time greater than an hour is somewhere below the steady

state temperature ror that room . I f  the contents of the room make

i t  necessary to maintain that room above the steady state temperature

“
, then the lowest setting possible is the most conservative of energy .

‘I

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~ —— :~
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i.iiA . IV 7

CONCLI ’S i t

In Chapter 6 certain conclusions were reached concerning the

t emperature  s e t t in g  ot  an unused room . This  temperature setting V

w a s  determined to be any temperature lower than the s t eady  s t a t e

tempera ture . I t  other constraints enter the problem , such as the

need to keep the  con ten t s  of the  room above th e f reez ing  level or

V ,ut some other temperature which the user desires , the lowest

temperature consistent with these constraints is the most energy

efficien t for the unused room . Since these constraints as well as

the decision about which rooms will be used and the time periods

V 

ot  this use must be determined by the person or persons who 1i~~ V

in the house , a model cannot be made of the use of rooms . However ,

by t a k i n g  what  are typ i c a l  work , s l eep ,  and other activity patterns

and mak ing  several  use charts , some corclusions may be reached

concerning the amount of energy saved by these use habits. Two V

typ ical  use charts were made(see Appendix G~ and used to write

progra cc~ for the controller .

The first uSe’ cha r t  is made to represent the use h a b i t s  of a

working couple whose children attend schoo l all day . rhe house will

be unused from the t ime the family all leave until they return in

the afternoon . The bedrooms are not used until the evening but

the other rooms are . After retiring, the living room and kitchen
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are not used again until the early morning . I ’ht s use chart can he

prograemed with four time intervals and the appropriate temperature

settings for each room . I t  is assumed that the lowest temperature

to which an unused room can cool is 35 degrees F. The rooms that

are being used are set to 75 degrees F , and the outside temperature

is at 20 degrees F. Vrhis set of parameters was programmed on t h e

H-8 and used to control the house s i m u l a t i o n  for an equivalent rea l

V t ime of 24 i tours . The total heat used is then compared with tic e

heat used to heat the house for 24 hours with all rooms being hea ted V

to 75 degrees F for the entire period , also with an outside temperature

of 20 degrees F. For this use chart a savings of 48.6 V :
V was realized .

This represents a substantial saving of both energy and money used

to purchase that energy . The model’s inherently incorrect results
V 

are effectively cancelled by examining the net percentage saving. V

The second set of use habits are somewhat less saving of energy .

• The case of having someone who does not leave the house is considered

in this use chart. At night the bedrooms and the bathroom are heated

and the rest are unheated . During the day the opposite is true ,

all rooms except the bedrooms are heated . When programmed and

compared in the same manner as tite first use chart , a savings V

of 31.9 7.. was realized . These tests show that the  controller does

perform its task in a spectacular way. For a house such as the

one model ed here the money saved by a 30 7.. reduction in hea t ing

costs spread over a winter such as that in 1976-1977 would be

i i .

--
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q u i t e  a subs t an t ~~al  sum . his a l o n e  w o u l . i  sui~ gest that the dl~~it~~

controller be adopted b y anyone whose house is configured in such

a wa y ( a l l  elec tr ic , each room heated separately) that the installation

costs are low . The b u i l d e r  of a new home would a lso  be ab le  to

V u se  t he  c o n t ro l l e r , the  f ixed  cos t s  of i n s t a l l a t i o n  being cut

down by t h e  i n c lu s i o n  of the c o n t r o l l e r  in the  o r i g i n a l  house

~iu r i n ~ construction . There are other ways that the controller V

and the simulation can be used .

V 
he practice of lowering the setting of thermostats was one V

neans or lowering the use of energy in homes.  How e f f i c i e nt was

t h i s  p r a c t i c e.  j o  f ind  out , t h e  s i m u l a t i o n  was set up in a manner

s i m i l a r  to the  t e s t s  run for  the use charts. In this case the

rooms were a l l  hea ted  to the  same t emperature dur ing the  en t i r e

period . When the amount of heat used over a 24 hour period wi th

the  t h e r m o s t a t s  set at 65 degrees F is compared to the reference

hea t  use , t ha t  of 75 degrees over a 24 hour period , a sav ings of

17.3 7. is realized . V i V
ie  10 degree difference is a little extreme

V but the  t e s t  shows tha t  a s ignif icant amount of energy is saved . V

V 

Ano ther  app l ica t ion  of the s imulat ion is the measuring of the

heat saving affected by adding insulation . To change the insulation

in the simulation , the governing equations are changed to reflect

V the new thermal transmission coefficients in the walls. The

changes are reflected in the analog simulation in the changing

of potentiometer settings . If a large building were being simulated ,

_______________  - ____ -;
~~~= ----—i- - — -~~~~~~ 
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a computer could be programmed to change the potentiometer settings

with an input of insulation values. A program which takes as act

input the values of the insulation , computes new equation coefficients ,

computes new potentiometer settings and then sets the potentiometers

could be easily written and imp lemented on the digital portion of

a hybrid computer. A parameter sweep involving the i n p u t  O t  a

m inimum and maximum value of insulation for walls , for ceilings ,

for roofs , and for windows could be written. This program would

check the heat used by every combination of insulation va lue s  and

reach what would be an optimum insulation configuration. Common

sense t e l l s  us t h a t  this would be the thickest insulation everywhere ,

but perhaps th i s  ~s not the case. The interior walls for example

could be either totally insulated or uninsulated without changing

the interface to the outside at all. The studs’ of the most efficient

way to heat our buildings is one of the most important ways to help

stop the impending energy crisis. The heating of living spaces is

the one single major use of heat that cannot be curtailed . People

must have a livable environment or they will freeze to death . The

use of digital controllers in homes will save some of the energy

now used to heat homes and the use of the house simulation could

be used to devise insulation and construction methods to save

even more energy .

Yet another advantage to using the digital controller is the

V possibility of using the controller in a time-share mode to control

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~
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~ t h er  t h I n g s  in th e  bun s  . S Inc (‘ t It e  rooms need o by samp 1 ~~ on 1 v

about  one e every severs I m i n u t e s  and he dcc is t on  t o  t u r n  th e  h e a t er

oct or oft takes appr oxi amtolv a jew microseconds t he  microprocessor

Is idle for a large percentage of the time . This  fd1~.’ time could

V 
he used t o  c on t r o l  such  things as t h e  l i gh t s  lV fl t h e  h o u se , th~

b u r g l a r  and f t  re at .t nics , ( Ice  ope r a t !  on of v a r iou s  app i l ance s

and mactv other spec~ nlized tasks. The use of the controller to

c o n t r o l  tice peak power load ot  s m a l l  i n d ust ry  is anothe r  p o s s i b i l i t y .

A program which monitored t h e  electrical load and made decisions

• about  whether a machine could he tu rned  on at t h a t  time or at a V

.4

at e l -  t i nto could k eep  the  peak power level below the  r at e  cut  _ O f t

and save t h e’ company m o n e y .  A cen t ra l ut ic r ocomput &’r for a icou se

wit [cii r on t vol  l ed  t he  t em per a t u re  in i n d i v i d ua l  rooms , the  running

01 app I Lanc es  , and m any  o t h e r  t a s k s  i it t he  home cou ld  be the  t rend

of t he  f u t u r e .  .~s the mic r op r o c es so r  I n du s t  rv becomes more wel l

dev~ loped and t he  p r i c es  go dow n , t ic  i s  uctiversol computer  con t ro l

concept  nia ’.~ becom e :c te a l i t  v . The d r , ’amm ; o j
V h~ ea r l  v contput er

p i  och ’t~ rs have b c ’oti sic rpzi s sed a g ai n  and t h e’ mac it  I nem ; wit I et c were

l ie  p rov i n et ’ o t t h e ~c i cu t  i st  a re now the  t
V 

~~ i s  n i  the  common

man . Sti cic uses  as have  been I t ives  t i ga t od it t ’re  , t ic e c o n t r o l  of  th i ’

t e.mpt .ra t t i r e  in a Icoust ’ I or one rgv conserva  t i on , w i l l  become commoup I ace

in  years t o  come’ .

V~~ V~~~~~~
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V APPENDiX A I 
V

V 1 j V .

Lumped h eat Transfer Coefficient s

W~•S~•l ‘- .W~•t~
V ~V~~~I~~ l V i  ~~~~ V

Exterior walls -
V St.~, -

V 
V 

.24 BTI’/lcr-ft 7-deg F 157 , t . c  • V ~ V

— t t i oct  ‘
~

interior wall s 
~2 I •~~ , 

~~
‘

U .33 B1’l’/itr—ft ‘—deg F’ ‘~~~~ , , V H 1 H ‘ • a f . t ’ I s~~, t a ~~~h e  . .
V 

~~~~~ 1~.l i t  i t ‘ .

Floors -

-‘
u • SS B1T VJ h c r - f t ~~-de g F ~~~~~~~~~~~~ 

-
~~ p z i~~~ o ~5S . t c ’ 1 e  V~~~~~~~~’

V V V V~ i lo o r 2 .
-g

Cei l in ~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

zZ V_~~~ :~
::
~— ~

u a .12 BTU/hr-ft~ -deg F “ 1  
¶ page 157 , table 4-10

V — ceiling S .F. V

ç~ -
~

‘lte *V S~ V V~~~

Roof
S ~~~~~~~~~~~~~~

u ~ .55 BTU/hr-ft2-deg F ~~~~~~~~~~~~~~~~~~~~~~~~ page 161, table 4-14
roof 1.1.

~~~~ 

Doors u — .64 Bi t’ h c~ f t 2 -de~ ‘ page 163 

V

V 
Outside Doors u • .48 l 3 f t/ h r - ft ’  -deg V page 163 

V

Window s u — 1.243 BTV ’hr-ft 2-deg F page 164

1B. H. Jenn ings , Environmental Engtneering~ Analysis and Practice (NewYork: International Textbook Cc’mpany ,l970~ , pp. 152-164.

V - V V ____________________________________________________________ ___________- V~~~~ ~~V V ~~~~~ VV
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APPENDIX A

ROOM A

INTERFACE AREA(ft2) COEFFICIENT

A to Outside 232 (1 door , 3 windows) 78.294
V I I

A to E 29.333 (1 door) 15,57

A to F 82.666 (1. door) 33.17

A to II 48. (1 door) 21.73

A to B 72 23 .76  V

A to Floor 176 102.08

A to Ceiling 176 21.12

dT/dt (deg. F/mit-i) = - .1909 * Ta + .0506 * Tout + .0101 * Te + 
V 

V

.0124 * Tf + .014 * Th + .0153 * Tb + .0659 * Tfl + .0136 * Tci

+ .0006455 * Heater A

F

_____ V ~~~ V 
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V APPENDIX A

R(X14 8

INTERFACE AREA CIt
2
) COEFFICIENT

1 ’
• , B to Outside 192 (1 door, 2 windows) 62.676

V B to A 72 23.76

V 

B to H 48 (1. door) 21.73

B to 1 72 23.76

B to Floor 135 78.3 V

B to CeilIng 135 16.2

V DT/dt (deg.F/min) - .1905 * Tb + .0 5 2 7  * Tout + .02 * (Ta + Ti)

+ .0183 * Th + .0659 * Tfl  + .0136 * Tct + .0008416 * Heater B 
V

______ __________________ ___________________ 
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APPENDIX A

ROOM C

~NTFRFACE AREA(ft2) COEFFICIENT

C to Outside 176 (2 windows) 54.276

C to E 53.33 17.6

C to F 58.66 19.36 V

4 C to H 24 (1 door) 13.81

C to K 88 (1 door) 34.93

u to Floor 143 82.94 V V

C to Ceil ing 143 17.16

dT/dt (deg .  F/mitt ) = - .1907 * Tc + .014 * Te + .0153 * Tf +

1)11 * Th + .0278 * Tk + .0431 * Tout + .0659 * Tf] . + .0136 *

jV~~~j ÷ .0007945 * Heater  C

V I

V ~~~~ V V V
= V V -V~V ~~~~~~ V~~~~~~~

-V ~~~~~~~~~~~
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I APPENDIX A

I,

RO~4 D

H INTERFACE AREA(ft2) COEFFICIENT

V P to Outside 192 (2 windows) 58.116

P to K 88 (1 door) 34.93

D to H 72 23.76

V D to Floor 137 79.46

P to Ceiling 137 16.44

I V

dT/dt (deg. F/mitt) = - .1900 * Td + .029 * Tk + .0197 * Ti

V 

+ .0136 * Tb + .0482 * Tout + .0659 * T f l  + .0136 * Tci

+ .0008293 * Hea ter P

V 

V

L
___ _

~ 
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APPENDIX A 
V

ROOM E 
I

J.7~rERFACE AREA (ft2) COEFFICIENT

E to Outside 24 5.76

E to C 53.333 17.6 V

E to A 29.333 (1 door) 15.57

£ to Floor Ii 6.38 
V

4
V 

E to Ceiling ii 1.32

dT/dt (deg. F/mm ) = - .4816 * Te + .1818 * Tc + .1608 * Ta 
V

.0595 * Tout + .0659 * Tfl + .0136 ~“ Tci

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ VV ~~~ V~~V~~~~~~~-V ~~V -V 
~~~~~~~~~~~~ 
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_
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V
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APPENDIX A

ROOM F

INT ERFACE AREA~~u~~) COEFF I CIENT

V F to A 82.66b ii door’4 11 .17

I 
F’ to C ‘~8 ~~~~ ig .

F’ to II 1 door ‘4 1 
V~ 

V SI

4 r to Fleer 12.7tt

F to Ceiling

dT ’dt (deg. F/mitt) — - .4221 * Tf + .1713 * Ta + .10 * To + V

V .0713 * Tic .0659 * ~~ f .Ol3tc * Tot

V 

:1
L ~~~~~~~

- V 
‘~~~~ V V V

V
~~~~~~~~~~V V T V ~~~~~~~~~~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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APPENDIX A

ROOM H

iN T ERFACE A R E A ( f t ) COEF ’F I C IENT

H to A 48 (1 door) 21.73

V ii to F 24 (1 door) 13.81

H to C 24 (1 door) 13.81

:1 to K 24 ~1 door ’) 13.81

V 
‘ H to ~ 32 (1 door)  16.45

H to  t 56 (1 door ’) 24 . 7 3

V H to B 48 (1 door) 21.73

to  Floor 48 27.84

H to Ceiling 48 5.76

dT ’dt (deg. F/mm ) = - .3771 * Th + .05143 * t T a  + Tb~ -
~~

.0327 * (Tf + Tc + Tk ’)  ÷ .0389 * Td + .0577 * Ti -i- .0o59 * 
V V ~~

.0136 * Tot

______ 
_________ V - V V - - - 

_- 
_ __

_ _
_ _j- 

--~~~~~~~
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APPENDIX A 
V

ROOM I V

INTERFACE AREA (ft
2) COEFFICIENT

I to Outside 56 (1 window)’ 19.458

I to B 72 2 3 .76

I to H 56 (1 door) 24.37

I to P 72 23.76

I to Floor 63 36.54 
-

I to Ceiling 63 7.56

dT/dt (deg.F/inin) -2443 *Ti + .0429 * Tb -4- .044 * Th + .0428

V * Td + .0351 * Tout + .0659 * Tfl + .0136 * Tci + .001804 *

j Heater I V

~ I

1 .

~~~
“ -

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ V~~~ 
~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~ -~~~ ---~~~ - 
V 

-
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APPENDIX A

V

V

~~

V ROOM K

1 INTERFACE AREA (ft 2) COEFFICIENT

K to Outside 24 5.76
- 

K to D 88 (1 door) 
- 

34.93

K to H 24 (1 door) 13.81

K to C 88 (1 door) 34.93

K to Floor 33 19.14

K to Cei l ing 33 3.96

V dT/dt (deg . F/mitt) = - .3874 * Tk -t- .0198 * Tout + .1203 * Td V

V 
+ .0475 * Tb + .1203 * Tc + .0659 * T f l  + .0136 * Tci V

- - 
~~~~~ :VV V _ :__

~~~~i_~~~~ .~~~~~~~
- 

~~~~~~~~~~~~~~~~~~ 
— • - _ - -__ . — V V -~~-~~~~~~._____
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APPENDIX A

V. ATTIC

V INTERFACE AREA (ft2) COEFFICIENT 
V

Attic to Outside 886.81 (roof) + 
V

166.28 (valls’4 S27.652

Attic to A 176 21.12 V

I
V 4 Attic to 8 135 16.2

V 

V: Attic to 1 63 7.56

Attic to P 137 16.44

Attic to K 33 3,96 .1
V Attic to H 48 S,.76

Attic to F 22 2.64 V

I Attic to E 11 1.32

Attic to C 143 17.16

1, 1
dT/dt (deg. F/mitt) - .2118 * Tel. + .00721S * Ta + .00551 * Tb

+ .002583 * TI. + .00562 * Td + .0013c3 * Tk 4- .001968 * Tb

+ .00902 * Tf + .000451 * ‘he + .005863 * Tc + .1803 * Tout

V I

.1
ii

- - 
- 

~~~~~~~~~~~~~~~~~~ 
~~~~~-

‘ 

~~~ _~~~i. : V . 
— ~~~~~~~~~ . V

’
~~~~~~~~~T
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APPENDIX U

This Appendix contains a listing of the general purpose dig ital

simulation program , DIGISIM , developed by E. E. Mitchell. This

program is configured to simulate the model of a house used in

this project and is set up to print out a list of numbers corresponding

to the temperature in rooms A and C and the total heat used over

the time period , not specified in the listing. This program was

V of great use in removing the errors in the model , since the digital

simulation integration technique is sensitive to small errors in

the model and these small errors caused the simulation to “blow up.”

By running the model again and again until the temperatures were

maintained at a stead y value with no heater inputs , the errors were

removed

V 
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D l  o i  si’~ ( cont  I1:ued )

a Y E N T G R L .  (x , xo) —— XO~~Vl N I ”  I AL V A L U E  — DI”C L M A I V  PCI N”’ ~}-;QU F(
V j ~ N U M P ” R

* I S T E P ( T 1 )  —~ Y~~0 FOR Ts”l , Y~~1 FOil T>~~T 1
ft I F U L S E t T 1 , T 2 )  Y~ o Ex cvu ”  Y:1 WHEN ‘“1<~~T<~~’’2ft Y S Q U A R E ( T 1  ,T2 , T~~, P )  —. S Q U A R E  W A V E  WITH AMI’i I~~ T D I V

V 
~~ ~~ 1 . 1 FAD’LN G i”l ’V I . I F

ft OF FIRS’” PUL SE A’” “‘ 
~ } ‘UJ ~~ I T  D~ V S ’ I  “'C “‘V

i

ft H F F ’ E A ” S l- V V ’i lY  V ~ V V ~~~~~~ V~~~~
_
~~~V • V

Y FR ST~J R (  X ,A ,B ,C ,D )  —— Fl RS’~ O R D E R  ‘rhANsI”i~R 1 N L ~~~~~~VI O~ DEl &~~~ . j  AS
( A * S + B ) / ( C ~~S÷ D )  C I S Nt ’” Z E R O

Y S C N D O R ( X ,A ,B ,C ,D ,E ,F) SECOND ORDER TRANSFER FUNC”’ION DEFiNED AS
( A~ S~ S+l3*S+C)/(D*S~ s+F~ S+F) D IS N C . ’ Z E R O  V

* I D E L A Y ( X ,T L A U )  —— T I M E  D E L A Y , Y X AFTER X iS D E L A Y E D  TLA C S1- ’COND S 
V

I D I G T A L ( X )  D 1GTAL F I L T E R  OR C O N T R O L L E R  S I M U L A T O R . DEL T S H O U L D  I ’F
<~~‘r s A M / 1 O . TSAM ~~SA M P L E  I N P U T — O U T P U T  T IF FS  OF “ ‘LIE DIG ’” AL
C O N T R O L L E R .  TRANS F ’E R F U N C T I O N  IS:

4 ( Z K ~~( Z A ( ’ T ) ’ X + Z A ( 2 ) ~~X — 1 + z A ( 3)~~x.-~ ) — ZB (2)~~Y— 1
‘ — Z P ( 3 ) ~~Y — 2  )/zB(1)

X~~CURREN’r INPUT ,X— 1 LAST INPUT ,ETC . DITT O FOR I’
* I L I M I T ( U 1 , X , U~~) —— Y~~U1 IF X<U 1 , Y~~U 2 IF X> IJ?, Y~~X OTHERWISE

V * Y PTRAIN( T1) —— i~~1 IF ‘T N~ T1 ; TiltS IS A PULSE “RAIN , U N I T  PULSE
* EVERY N~ T 1 SECONDS

V *
*
~~~~~ OUTPUT Ri’IGtON

V ft IV V

~ T~ E FIR OGRAM HAS AN O U T P U T  R1”GION FROF S”A”'l”Ml’ N ”' NUMBI” R 12 0 0 — 15 0 0 .  ‘IN “ ‘HIS
V ~ R E G I O N  THE V A R ’ L AUI FS TO pj l’RTNTI-:D A N D  PLOTTED ARE D1”FL N I”D . TO OU”'PUT

a * X , XDOT AND X .~D OT , T I l E  S’TATF:Ni’NTS ARE:

C A L l .  OUTVU’”~ X , “X” )
* C A L L  O U T P U T ( X D O T , ” X D O ’r ”)
* CALL OU’l’EI I ” C X 21~o’

~
’ , 1 1 A C C F V I  “ )

V ft

‘ AN ” b CHA RAC ”EHS MA Y Bl~ US E D p~~V ’”~~~~~ ’~~~~~~ Tfl 1 ~ T l {E Sl’ h V TV I’ C I ,~
~ H E A D I N G S  OV F~ TilE PHI M”'ED VA! .W’S.
~~ NOTE “ T I M E  IS O U T P U T  A U T C ’- ’ A T I C A L L Y
*
** NOTE ** ‘r:IE FIRS”' b CALL OUTNI”’ VA RTAFI L ES ARE Pi,O’””'FD

V ft
V f t f t f t f t  T E R M i N A L  CA V , C I J L A T I O N  REGION V

a

~ TILE PROGRAM HAS A Tl-HMI NAL . IWO1 ION FNCI’l S”’A”’F•FFN”’ NUMHEH’S 17 00 — 18~ o . THIS
~ A R E A  IS USED T i )  N Oi) I FY 1 ’A R A M V T I ” R S  , I C ’ ’  • A”’ THE ENE) OF’ A RUN • ONt’: C A N
* THEN GO BACK A N D  1N ” ’E G R A T E  A G A I N  A N D  11~I A I N .  A T Y P I C A L  PPOL~L FM T H A ”

V * WOULD USE TI i I.S A R E A  I~ A P O U N P A R Y  V A L U E  }‘ROP I FM
ft

IF  Y O U R  P R O G R A M  C O N T A i N S  T i l l  STA ’TE M FN”
V * GO TO 9000

‘ CONTROL IS THANSF EHED RAC K TO THE TOP OF THE INI T IAL A R E A
• I~ A LIKE M A N N E R , ‘“I ii’ S”’ATEMEN’r
‘
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ITY ~ 5”
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DI G I S VIh ( c o n t i n u e d )

*
*

V *
*

I F ( T K P L O V  •E Q .  O ) G O  TO 9 100
W R I T E ( Z O U 1 ’ , 67)

87 F O R M A 1’( ”  Wh AT IS YOUR SAVED ~‘ILE NAME”)
READ(ZOU i’,1L~)IPQ
O P E N F I L E  3, IPQ V

R E W I N D  3
END E ILE 3V

V~ , 9100l( rZ~~0
f:TO
hDE LT ~~O . 5~~DELT
K E HR ~ O

V ‘
~ i C zt l  V

-I
• 5 N Z L ~-0
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’
,

’
~~~* 1 . 8O3’~QV I\A~ SWA *ihFAT* .614 55

c ’ \ D _ S W D * H E A T * .8 2 9 3  £

L’INCtSWC~ Il}’ A ’”~~.79-~5 V

V 

Q T A - E N T G R L ( Q 1N A O O)
• QTB~ ENTGRL(QINB ,0.O)
V 

QTI~~ENTGRL(QINI ,0.O) V

Q T Ct E N T G R L ( QINC , O . 0 )
Q”m-ENTGRL(QIND ,O,O)
Q T D P t Q V t N V +~, I I N A + Q I N C + Q I N D + Q I N V I
Q”tENTCRL(QTDD ,O .O )

lI ~~~T~ 18
‘T~I T ~ ’”FL~ “'F TV? 

V

TFMP?z?O

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
V &‘2t1 (’C) TEMI’l

TEMP 1~~7~
I F ( K E R H  • N F .  0)  GO T O 9
Irz~ T T Z +  1

V I F ( ! T Z  •I.F,. T”’FAX) GO TO ~

~~~~ o U T P u T IWO’ ~‘,; V’** LINES 1200—1500
C A L L  O U T P U ” ’( C T , ” T O ”A L  H F A ” ' ” )
C A L L  OUTP U ~’( T C , ” T C ” )
C A L L  O U T P U T ( T A  , “ T A ” )  ,

‘ 
V

J J Z ~~J J Z + 2
VEF(ICZ •EQ. O)GO TO 6
1 CZtO

V I V ’”
~~’ A X ’ N I T 7

t I V I F ( T  .L” . (TflAX+ .00001))G0 ‘TO 68
T i V ( • ~• N P L ct

. V . 
~

•t~ (‘)GO ‘;‘O 7
w J’:E(zOu~

’ ,1?)
12 i’ V I , I ) A T ( ~ l WANT TO IN (’HFASE T M A X ”  ) V

~~~~~~~~~~- —  -- -V _-— —- -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V



V V~~~~~~V V 
:

V V • V V~ V - V •~ •_V ‘ V ‘_ _ V _ _ V , V, . ~V,~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V

~~~Cf l C.~‘
~~~~~~~~~

:
~ 

~~~~~~~~~~~~~~~~~ 
“I

L
D I C I S I N  ( c o n t - i n u e d )

HEAD(ZOU ’T, 1lI)IPQ
1’4 FORMA ’r (V)

I F ( V I P Q .NE. “YES”) GO TO 7
WRI’FE(ZOUT ,13)

13 FT ’NMA”’(” TMAX~ ”)HEAD (zoU ’r , 1~~)TMAxGO TO 6
68 K’TZzKTZ+1

V 

GO TO ZI
V 9 W R I T E ( Z O U T ,10)

10 F O R M A T ( 5 X ,” INTEGRATION ASSIGNMENT ERROR”)
STOP

7 I SZZ~~2
~~~~ TERMINAL REGION *** LINES 1700—1850
ft
*
ft

• ft

V ft

V 

IF(TKPLOT .EQ. O)CALL RANGE
IF(TKPLOT .EQ. 0) CALL PLOT2
IF(TKPLO’T •NE. 0) C A L L  TEK PL ’T
STOP
END
FUNCTION ENTGRL(X ,YO )
COMM ON OU T,X V Z ( 6 ,1102),I CNT ,N VA R ,T,TO ,TMA X ,DEL” ,HDFL’” ,lc ,N IC ,l’T,NI”’,

&ITMAX ,K E R R ,T A ( 1 0 0 ) , Y i ( 1 0 0 ) ,Y2(100),X1 (100),X2(100),w ,K p ,NSAMPI ,,N’T
• NzN ÷ 1

IF( IC.EQ.0) GO TO 20
I F ( I T .NE .1 ) GO TO 10
IF(IA(N).NE .O) GO TO 50
I A ( N ) : 1
GO TO 15 V

10 IF(IA(N) .EQ.O) GO TO 50
15 Y2N~ YO

GO TO ~4O
20 IF(IA(N).EQ.O) GO TO 50 V

X F ( I T . N E . 1 )  GO TO 30
* PREDICT OR

Y 1N~ Y2(N)X 1N ~ X 2 ( N )
Y 1 ( N ) ~ Y 1N
X 1 ( N ) ~~X 1N
Y2N :Y1N+X1N*DELT

* CORRECTOR
30 Y~ U~ Y1(N)+(x 1 (N )+X)~~HD E LT
i O  Y2 (N):Y2N

L _ V~~~~~~~ - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• 
~~1S?AZISBE$TQUALI~~~P AC?I~M?I~
m* ooi~ ztiu~ ro n~q ~~~~~~~

— 
V

— LId I T ( c e t  L : t t t t ~~ ~ 
~V 

XO(N)~~X V

E N ’TG RL ~~I ?L
PF”UHN

V 0 ~\ F V V Il~~~ 1 V

VI ’”U FI N V

I - .I NC ’ IUN - “i p - ’  I’
• C C T M C N  ~ !T , \ V V  ~V ,~~~( ‘ ? )  , ICN”' ,N V A R  ,T I V

Vi
V
~~ ‘L I  ~~~~ t V ~~~~~I 1 \  

~~ .

V i  I V I • V - V V ’ ( :~~~

I.~~ tVV I ’ ’ ¼ 1 , ‘)
CO ’ V”V~~~ OTT , XV I . ( ‘ • !‘~~‘~~~ ) T CN ’”  , N V A R  

‘~~~~

Y~0.
“ lk ” (’r.GE.Tl •A N D .” .L!’ .‘r~’~ y — i .

V P l V~~SE~~Y

E N D  V

FUNCTIO N S Q U A R E ( T T ,T.’,T3)
V I

, COMMON OUT ,X V Z ( 6 ,~~O?),I CNT ,N V A R ,T,T0 ,T M A X ,DFL T ,HDFL”’
Y :O .
TI’ItAMOD(”~ T 1 ,T3) V

IF (’ T M GI- ’ • 0. .AND. TM •LE. “2) y ‘1. V

V S Q U A R E t Y  V

I V

V I-UN iON F~ S”Oii ( X , A , L , C ,D ) V

C O M M O N  / F R S T ,  ‘T , L V

1, E ( ~ ’ F Q Z ~ ’R O )  GD “'0 1 - 
V

~
‘ :ENTGRL(SZ ,O.) ‘ V

I- RSTOR~ ( A~ S:I+!~*z )/cHE TU RNV 

1 PRINT 2 V

2 FORTAT (5x , “FIRST ORDER TRAN SFER FUNC’TION OUT 01’ ORUFh~”>

V , ,V V~I V
V V FUNC’ T Io N S c N D C I H ( x , A , B , c , D , F , F )  

V

COI-D-ION /SCND/ S?Z~~SI’V , Z V V

IF(D.EQ.Z E R O )  GO TO 1
V soz~~x_ (l . :*s:V ’+ F f t z  )/D V

V s z _ E N T G R L ( s Z Z , O .)
V z~~~~ E N ’r c R L( V S ;’V , 0 . )  

V

V SC N D U I l~ (A*o , ’,’ +U*oz+~’*S ) , ‘D
RF ”'UUN V

V 
~ E i1 N’” 2

V 

•
V) 

F (~~~ V 7 ( r ,y
, 

pp sl ~c ( ) N r l  
~~~~~~~ “‘RAWSFF’R V [ t N C V ~~1( ~N 00” OF O F I P r U ” j 

V
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ V ‘V~ ~~~~

Ii

‘I

NOT.-EXISTING PAGE

BY ~‘1ISM~4BERpjQ. 
V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
‘

VV ~~V~~~~~ V V V V r V V V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T V V V VV . ~~~~~~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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N0T-~~ISTING PAGE

BY ~~ SNUMBERING . 
V

~ 
t i

V

~

I I  ii
L ~~~~~~~ V___________ ~~~~~~~~~~~V VV _ V  , V V V V V V V  -- VV ~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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-V -V _ 
“I~V”$.. ’ .‘ ‘~~ •“ii’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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6~ I

’

.4 ‘ V

?~ T-RXISTIN0 PAGE
I BY

H I
V V - V V 

V V V  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V
~~~~~~~~~~~~~~~~~~~

V V



V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 

- 

V

U L~’’~— I ‘‘ (eo:O t ’ U ~~’d

•1 SI ’ ~~( V U V V I ,~~~~~i V  I
V
~~~~~~~ I U  X , 1) : 

V
V ‘ 

~~ -\ C T E F  r ,A ( 2 ’~ ,tn Ar I*8O • V

i’t ’’ ON OU” , X V I ’ (f’ , J I I
V
.
1 ) , I C ¼ T  , ‘ VAR ,T,~~0 , T M A X  , DE~ ‘I’ ~H P F I V ’T C ,NTC , T T , ~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,
‘t ‘(10O), Y~’( ~O0).X1 (1N’),x2 ( U’ 

‘
~ NP ~~~S/~!’~ i ~•~

V - V  ‘ 
V

V I  
V
’L : ’ ’V~~~L / , i i : ” ; ’~~~ # ’ ~~ ,,‘~‘,!, , ISI :‘ , AI• 4 :I:~~( 2 5 ) ,~~\ I N z ( ? s~~, } ’ ,’, ~~~~~~~~~~~~~~~~~~~~~~ V

V V L 
/ V C~~~’ ” U  I / V I . ‘‘ ‘)  ~U ,K SF: ,KS ,TSA~,’ , ~CNft

,• ~~~~~~ -ç~ “n 10
H ~-.S C

~~~~~~~~~ III ‘0 ‘“0 LU

— ¼ ’ ~, ,V V~ ~~ ‘ V
~~ ~~~~~•~ .~~~~V V V V V  V V \, ~~, , • ( ~~~ -

CO ‘TO ‘~01() I I’ IKE •NF.. o) GO “‘0 ~O• I F I K S  •E~~. ( 1) JO ~fl 
~V

)  V

20 ~StKS ÷I 
I

• VI F ( K S  .GE. r~SPMP’~,
) KS a

V 
1W K P t L O 4  1

VI F ( K S  .NE. 0) n~’”’~~~:
T

x
R U V 2 TN

~ ~‘LI ~~~

‘ 
!V A S ’” ‘ TT M E U1 :FIOD

~ (•
~~ V~ V V I  NT
H.’ V

00 I t  1 , ~:v ;  ~

120 I’. i : ( I , I c N ~~ I V

11 ~~~~~~~~~~~ F 1 0 20
V~~~F I . HUN •E~ - 0,1 I l L  ~

‘çIJT,QO0i)
IF I L V N .~‘c:. C) FUIO ’ ,1~’AL~~ V

t ~~~ • ~ \ ~V VI~~ V~
~~ ¼ V L ~~~~~ • ) V V V I 

‘V_ I V

• V V ~ _ •~~~~
çl

~~~
j

•Vv~ 
~~~~~~~~~~ )

V ‘/ ‘ ‘l ’ ’ ~’” :4 r V

_~~~~~~~~~V ( I  V~~~~~~~\r.~~~~~~ V , V V , V  ~

~~~~ ~~~~~~ 2 ’ ,. VH: l.’( o u T , Q~~o 1 ( A ( I ) , I~~ I , K ’~~1)  V

F (  I~ .G .  )“T’ T E ( C U T , 9 0k ’  ‘

~V ; ;~~~’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t ( : Iy ~~
V ,‘‘H\ ’1’ , ( v (  ) , I~ 1 ,K’Tl )

I v , , - V ( V j ’.+

:1 .11 . ~ V l  :0 ‘~‘C 
~~~~~~~

ft t
— ~~~~~~~~ I -
— V (V L V V \ +

V • •
~~

• -~:‘r ’ + 1
• V V .i _~ V : V

I N ( F  T 1~~ V’1 ,T ’  (
Il ’ (UC .FQ. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • i  V

2 T I - ( O I J T  ,9~4O ) (V I. 1) , T ~ ,“'1 , K ’”,-’ )

___ T1~~~~~~~~~ V V
~~~~

V
~~~~~~~~~~~~~~

”
_ V  _

~~~~~‘ -----



1”7~’”~~ 
“~~~~~~ ‘~~‘~

6/

F’~~t CO?I bDO~ ~~~~~~~~~~

I G M  (continued) 
V

3 ; t CN ~~ICN+1 
V

K T 1  K T2
VI 1V E ( i 1  .GT. K”’1’) GO TO 80

100 jJz)4

G A I L  R A N G E
(10 T0 20 

V

V 
•

V 

90” FOFMAT( 1l11 ,//////) V

• 90’ r’O1IMA”’( 1H )
910 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) V

I
l

l 915 I ” O R M A T ( / / / / )  V

920 EORMAT(1H ,T~~,1X ,6G1O.5 )
V i  930 F’ORMA T (/ , 18X ,5 ( ?X ,A L ,2x))

1~1lO I•’OHMAT(lH ,15X ,’5G12.5) V

END
SU B R O U T I N E  PL OT2

* V

V 

N t  N U M B E R  OF P O I N T S
N V A R t  N U M B E R  01” PLOTS

ft
V I

V I * V

* Vt NVAR X N MATRI X ; EACH COLUMN CORRESI’ONDS TO A VECTOR
COMPOSED OF POINTS TO BE PLOTTED

*
ft

* M A X  N V A R  6 V

* M A X  N ~I0O W I T H O U T  C H A N G I N G  D I M E N S I O N S V

*

*

: I-V V~~~ O T ,V ,111)0) ,N ,N V A R
V Cn~~:-:uN /OU’Tt0/VII , JJ , A2 , ISZz , A M X Z ( . 5 )  , A~:N ; ’ ( , ~ ,)  

, } l l: A 1 V~~, M U , V V O ’ : ’
,

:’l ’P  LO”',
V &P}’LANI-: V

OrMENSION SF ( 7 )  , Ls ( y )  ,H ( 7 )  , IC (7)
V • C H A R A C T E R  N1 A N K , DO ’T , S . R , M I , N : V~I , O E A D V ~~~O

CEIARA C ’rER X( ~ ) , 1, IN I : , 120) , A . ’ ( V

DOTt ”I”
Sr R ~ ~~~~r•~ I NSt  “ — “

X ( 1 )  “ +

X ( 2 ) ~~~“

DO 9999 i~~1 ,7 ,2
9999X(I)tX(1)

DO 9998 I~~2 ,8 ,?
9 9 9 8 X(  I ) - X ( 2 )
a
*

L 

- ‘ — - ~~V 
~~~~ V : :

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V VV, ,~~~~ V V _ V V .: V V V ~~~~~V V V V V~~~~~~~~~~~~~~~~~~~ 
V ~~~~~~ V
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IBI)M OOk’~ ~~LSlik~1) ?O ~~Q

t I G I S I ~~’ (continued)

1)0 1 It 1 ,N V A H

1 I V ( ( ~~~ ):1

V PC 6 I—1 ,N V A R
~I , 1 )tV(1 , I 

)
~~~~~~1 .E-~ V

V 110 ( C 1 , N
V i I V ( V ( I J~ ) - I , ~~~

.1

• N I )  r~~i~~s ~ v

() CONTINU E
ft
ft - .

GENERATE SCALE FACTORS V
ft 

V
ft

V 1)0 7 I _- 1 , N V A R
V I AzôO/ (NVAR*IC(I))

S F ( I ) t A / ( H ( l ) + . 1 * H ( V t ) )
At (30 ~ (IC(I)—1)+6o ~ (I—1))/NVARDC’ 7 J t l , N V

• / V( I ,il):8F(1 )*v(1 ,J)+A
ft

• *
ft W R I t ,V

ft
V I  ft

V 

‘ W H I T E ( O U T  ,50O ) N V ,~ • l
II” (NVA R~

)
~) 8 ,8 ,u I

8 N S ~- 1
N Q t 1
N Pt NV AR 1
CO TO 1O V

C) ~j V 2

V N i t  14
10 DO 11 Ktl ,NI V V

WV I. Tl’V ( O U ’ I ’  ~‘o 1) (A? (J ’ , i~~N Q ,N P )  V

t-IRiT l” (OUT ,‘,o~’) (s~•’( 1 1 , 1,-’-NQ ,N P )  V

1 N~HNVAR V

V 
V 

r}•I (  VTJ ~~~
V •~~ n )  

‘ -
V I N ” , HEA ~ V

I “ 1’I ( 00”• , ‘ U ) I
M A KE AX I S V

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~V~~~~ V V ~~~~~~~~~~~VV ~~~~~~~~~ V V V V - V V  —
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69

~~I G I S I ~ - ’ ( c o n t i n u e d )

*

LLNTH :: 01

DO 12 ~ 1 1 1V - VL N TH

1? !.INE (i )tMINS V

wRt’rE(oUT ,’~o’J)K , ( L V 1N E (  I )  , i-~ 1 ,LLNTH )

V 

B L A N K  TIl E L I N E
I

V V

~JO 13 i t  1 ,LLNTH
13 L I N E ( I ) t B L A N K

V I

* PLOT THE VAR IABLE S

A

DO is 0 t1 , N
LINE (1)tDOT

H DO 114 Itl ,N V A H
I ’ JKt (60 ‘I)/LVAR +1

J P t J K — ( 3 0  ~~( I C ( V I ) — 1 ) ) / N V A R  V
I

JLtV(I ,J)+2 .5
V LINE(JK)tDOT

L I N E ( J P ) - D O ’ ”
• 114 Li~~I-’ (JL )tX ( i)

‘ WhITE(OUT ,50~+)J , (L VI N E ( N )  ,l<~ 1 ,LLN ”’II)
DO 15 Kz1 , L I V M T H

V 
~~~~~ LINE (K)tBLANK

V *

• I , R E T U R N
ft

~
‘ V

‘) 0O I-’OVMAT( ////~~X , “ SYS TFM PLOT 1N ” / SX  , LV ,‘~X , ~ V A R 1 A B 1 V ,FS 1t / )
‘~O 1 F O :  A T ( ’~X ,”’~AHIABL .ES;” ,’~X ,l1(A8 ,6 X )  )

‘Or ’ F~ ’ i Y A T ~ 3X , ‘~~- C A L E  F ’ACT OR S”  , 1 4 ( c  1 1 4 . 5 ) )
L

_~~03 FORMAT (///1X ,(( lox ,” 1”))
5014 FOHI’IAT ( 1X ,II ’~,6X ,12 1A 1 )¶ ‘05 h”OHMAT(//)

END
V F U N ( ” T I ON  I ) F LA Y ( C  ,TL .AG)

V ( C h A R A C T E R  A ( 2 5 ) , H E A D ~~8O
COMMON 0t ’T , X V Z ( 6 , 1 4 0 2)  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V &VIT ,r~iT ,V lT~iAX ,k E R R ,lA( 1OO ), Y 1 ( 1O0) ,Y14 (1oo),X 1 (1OO) , x14(1oo),N ,i(}’,
V V 

&NSAMPL ,KT

V T V V ~~~~~~~1- V~~~
IL

~V1-V-VVJ-VV 
V _ V _~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~•_
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~ns p~~ 
I

V ‘ 1110 L S I V M  (continued)

COMMON /OUTP2/ L i , JJ , A , 1V SZZ , A M X ( ? 5 ) , A M N ( ? r , ) , F I F A p , N p L o T ,~~ K I c ~~ ,
&N’I . A N E  V

C OM MON /OU ’T 1’ i/  V ( ? 5 ) , I P , K A S E , K , TS A V , lcN
14 “ COMMON /HO 1.D/ I A D C N ~’ , 1 T Q A  , JCN ’T  , 1QCN”' ,H I .D (  ~~~0o

1F( i,ADCNT .G:.. 1) 00 ‘“0 1 ~?I A D CN ”-1
I ” ’QA- 1

II J C N T t O
V V • V ,

~~~~~~ - V N • r
O

1o:~ ~V t ( ~~ .G m . T L •A c )  CO TO 10 ~
V DILAI t Oi.D( L’I’QA ‘

V 
~~1L U (  I” QA  ) :C’

• GO “0 1 0 2 :
t~~~ V ( i C ~~~~~

i l V • I ,
V 1)  Go ‘TO 106

1TQAt 1
I. I J C N T t  1

GO TO 107
106 T E ( I T Q A . L T . I Q C N T )  GO TO 107

JCNTtO
107 D E L A Y = } - 1 L D ( V t T Q A )

I I L D ( I T Q A ) t C
I 1014 I”'QAtt”‘QA+ l

V R E T U R N
E N D
FUNCTION LIGTAL (U)

I COMMON OUT ,X V Z ( 6 ,14 02),I CN ~~,N V A R ,T ,TO ,T M A X ,DE 1 . , HNV :1,T , 1~~,N1t I , 1~~,N1 V ,
~.ITMAX ,K E X T  ,IA (lao) , Y iPx (100) ,Y14p z ( 1 0 0 )  ,Xl 07, ( 1U0~ , ‘I~~ U? . ( 1i~ O I  , N , U P , , F ’ ’

V~I.
V SA M P L
C~~~~ I P M O N / D i C I T A / 1D I G L  , 7.A ( 1 ; ) ,  V / p(  14 ) , TSAM ,ZK ,NC-N ’” V

SAVE 1,11 ) 1 V ?  Ill ,U ’ ,U I ,Y~I
ft

V 

* V

IF(IDIGL .GT. 0 ~~~~ 
“'0 100

IDIGLt 1
V 

‘ NCNT::O
V 

U 1- 0.
U 2 tO.
Y1t0 .

V Y?-O. V
IJ~~tO . • V

Y V S O V

* V

~ ADJUST DELI’ TV PR i N  F C U ~~~~L M U I V ” I P I V F  f lj V ’ ” 5 ~~~~~~4

* V

IF’(DELT .0”. TSAM/ 10.) (10 TO 50

JO

I F( ( R R — 1 ” I . V A T ( J J )  ) ~~~~ •
“
. .0 0 1 )  G~ “‘0 72
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V V V ~- V 
V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V 1~~

1.; 10 I~~1 
~

- (c~~:~ ~~~& V d  )

i~V .Vt ~ 1+1 . V

I. k ’i’ • 1 1 -  • ~~. ) GO To 20)

~~~ X : V~~~~ L , t r~~~~~ A I
V
, / 2 0 ./ P P  V

V 
• H’(XL)E[. .LT . ~ ‘:o.”) oo TO (‘C: V

:~~~ t~~
’:’+ 1 .

oo ‘T O V~0
‘I C  I : V V~~V : I , ~~~~’r S A M/  10

V () ~~~~~~ N S A M ~’L~~D}’:L”'/X[)E[.

tV I ¼ V
V
I •~~) 100

•i’C i:~~ ’TtDEL.’T, PP 
V

NSA~10L 
— N SA t V : P L *  ~V ) J )

V 
1~~0 CONTiNUE
ft

V • ~ ~~~ j~~~ \ Z - . ~~~ N U1l I-~\ L  o o i :R A T 1 O N
*

-. NCNT*TSA NI) .GT . 1 • E — 6 ) GO TO 300
V HU ( I.’ - ( ‘ L ~ - i’rMAx ) NCNTtNCNT+ 1

Y~~J K * ( L A ( 1 ) * U + Z A ( 2 ) * U 1 + Z A ( 3 ) * U 2 + Z A ( 1 4 ) * U 3 )
(Y—ZB(11 ) I 1—Z}) ( ~) *Y.~_ zV(l1 ) *y3)/7,~~( 1) V

V 
~~

‘ (I’” . LT. ITMA x) oo ‘:‘o :~oo
U?zUi
U H V U V

Y ’ tY
1’

~ ‘r~~ j 
~~‘

V U UN

T I N I ’  :-IANU I:
V 

- V . A , ~~ A c V r~~,:h  A (25) ,HEA o*Oo - 
V

V I,V I ’ .’. M O N  OUT , X V V I  (6, ‘iO? ) , I ¼’NT
V ~~~¼ 1 .’U’~~I V V • •  / O 1 C i ’ ,~/ Ii ,JJ ,A ,IS ,AM X (2h ), AMN( ?5),HI-IAD ,NPLO”’,TK ~~

“
, 

V
I

S~~~ . V . V C N  ,~~~J I V ” 1/  V(?I~ ) , 1P ,LASE ,KS ,TSA\V’ ,lCN V

ft

( . ~ ON’” HUT. 1) 00 ‘TO •~~)
)C 10 I~i 1 ,25
t l , IXI I L ) — i .E+6

10 ~~:N~~t) 1 .~~b
CU 0, ) TO ( 30 , ~O 

) , IS
V 

V
V
~ U •

V ’ 
~ 0 ‘I, 1 , 11 .

A M X ( I )  A~~H X 1 ( A M X ( I ) , V ( i ) )
~)0 IO”N(V T ) t A MI N 1 (AM N (i),V ( I ) )
~‘ 1) V ~:T (i ON

*
~3 ¼ ~

V
I V I’ : ’ I - : ( Ou r ,

I~~ (
I

¼ ) )

100 1 1 , I I
100 W:’l’TE (OUT ,~~1O)1 ,A f l  ) ,A M X ( T ) , A M N ( T )

0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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V
~~2

PIG ISIM (continued) 
V

H GO TO 7O
900 I’uRMAT( lHO ,” MAX AND M 1V N  VALUES”)
- , 7 J  F O R M A T ( 1 I I  , 12 , 3X , A8 , ” M A X -“ ,012.5 , ” M I N t ” , U i ? . E )

END
4 R1~:AL FUNCTi ON LIMT ’” (Ui ,X ,tJ2)

x
1 F ( X  . G F .  ‘0 2 )  E V ’ M V 1 T tU 2

J V E ( X  •LT . U i) L V I M I ’ t 0 1
H f ’ T U R N
I ’ l L  V V

4 S U S R O U T J . N R  T E K P L ”
• 

*

* TN ~S SU P 0 0 0  “'I I:E P Ul”~ A ES A E l  I•E FOR PI V ,O’”’r T ~o
* ( C I V, ‘I’VE TEFI ’”HONICS C I A  P ’ 1 T C  ‘ ‘H ’ I0 V~~~N A L S .

I ~ Y OU I V U S T  O P E N  A F U V F V  ~N YOUU CA” 'ALOG
4 • ft

V
V 

,1
V 

CHARAC”'ER A(25) ,H E A P ~~~O
V COMMON 0UT ,X(6 ,)!0?),VI C N T ,N V A R ,T,T0 ,T M AX ,DFL.’,HDEL’TS ,IC .N TC , T: . .~ I T . ? .

& I T M A X ,K E R R ,IA( l0 P),Y1PZ (10O),Y14PZ(lOO) ,X 1 p Z ( 1 O 0 ) ,X !!p7V (10n ,T .ti~r ,,,r~• &NSAMPL V

COMMON /OU”'P2/ Ii ,J0 ,A ,IS , V I\X(25),A Z ( ? 5 ) , H E A D ,N E L O T , r V,O~~,U rl 1 V ~~~
S

a *
*

IE’(PPLANE .NE. O)cn TO 70
DO 50 ‘[t1 , I V I V A R
K - O
‘“ — “~2 -V

~~ U t  1 , T CNT
I WE ,I’:’I-I( ~ ,soo) ‘r - x (  j~ , , l ) 

V

• KtK + 1
T K~ NSA N L

T’DFL” + ~r( )

4 0  CONTINUE
W H T T E ( 3 , 51 0) V

50 CO N T I N U E
RETURN

70 Do 80 JtI , ICNT
80 l

IV :j ~~~l~~TF (  3 ,500)X( 1 , • 1)  , X ( ? , o )
WF (ITE (3,51o)

V R E T U R N
500 EOIIMAT(E1 ,’.)4 ,I”1? . 1l)
5 10 FORMAT(” 1 . E 3 1  , 1 . I V

V
~~~ 7 f l )

I’. ND
R~’A L FUNC T HJ N P T R A I N ( T 1 )

I OOMMON ZOU’T ,XVZ (( ,L07),1CNT ,N V A R ,T ,TC ,”~~A X
V S A V E  P , J

D A T A  J / O /
R Nt 0

P.- ’
, 

~~~~V
’ V

L V V ____ _______________ V 
-—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~V V _~~~~~~~~~~T:,T: 
V
~~~~~:.
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .LT. .000i)I’’”RAINt l . V

I - N D
S L V L) Y ’T~~~IVO. “ H F I - : M 1

U I V / S  ,SOV , s~:o ,S~~) ,SWH ,S~-. I
?/T~ :TF ,TC , ‘Ti) ,T’h ,‘TI ,TOUT

V F ~~V ‘
V

V
’ S

I V ~~V~~ l • t 
~~~~

T~
’ A .CT .LOtI ) Go -TO 70

oc. ‘To 7 1
70 IE(~~HUT .RFF’ ) GO TO 75

V I ‘T i ’ L C t A
OH V ’ ‘ro 71

4 4O t HE~
i I 

V~ 
• U T . V ~~~ l U )  oo TO 1

oC ‘:‘o 3
1 I F  ~, T.G’T.’g’J40) GO TO 2 V

L~~ L V  .0 L,
2 IV V I . T . G T . l 2 0 0)  GO TO 3

CL 10)

~ ~):I:~TV:EI1 t ~~Q V
4 V ’r • V~~~~ ’~~ 

V

i - V l_ t

I, co:4 : NU1 - : V

H’- ( ’ T H . G T . R h I ) GO ‘To 8~.5
1

GO T O 81o’
C * ’)  S~.T t G
814o I1” .,, ’B .GT .RB) GO TO 8’4 9

SW~’~ I
CL “

V~ 8’,O
~L9 SI .V~~ t O
85o [F ¼ ’Ti • G T . R T  ) GO TO 853

5~~ V J~~~~~~ 1
CCI TO 85~h5~

8514 VII”~~’TA.GT .R t , ) GO TO 6 57
SI,,- t 1
GO TO 858 

V

8sy , ‘l ~I I 4 O

V V 
-- -~ - V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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V

D I G I S I N  (continued)

858 L F ( T D . G T . R D )  GO TO 86 1 p
S~ Dtl
GO TO 862

~~
‘ 861 SWD.:O ‘

86? IP(TC .G~~.RC) GO TO 805
SWCt1
00 TO 8f’ o

~~~ S I V , - V 1 _ O

8o~ CON ’:’ VI N U F  V

.4
r N
S . LROII ’TINF
C O :-~~~~~C U V V ‘

~~~~~~~~~
‘ /SWA , SWE ,SWC , SWU , SWH , SWI

‘TC , , TV , “I , ‘O U T

REFt75
RAtRJ 3tRDtRHtRt~~REF
RCt5O

846 IF(’T13.GT .RB) GO TO 8149
S~~B 1
00 TO 850

V 8149 SWBtO1 j  850 IF(’r i CT R I ’  GO “‘o 8~~3S W T t 1
GO TO 8514

V 853 SWItO
8514 IF (TA .GT .RA) GO TO 8~ 7SWAt 1

GO TO 8 ’~6
V I 8’37 SWA :0

858 [1 (TD.G’r.RD) CO
SWDt1
GO “‘0 862

861 S W f l t O
862 iF (TC.GT.RC) GO ‘TO 565

SWC t I
GO TO 866

865 SWCtO
866 CON” ’INUE V

R’~’TU 1lN I V

E N D

V V~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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F APPENDIX C

This Appendix contains the analog computer f low char ts  used in

progran*ning the mathematical model of the house on the EAI-681

analog computer. The flow charts have been presented in an equation

by equa tion basis , because of the great number of components involved .

The input signals into the suimners on each page are the outputs of the

integrators on other pages . The disjointed nature of these diagrams V

make interpretation d i f f i c u l t , but the maze of connecting lines that

would result from a connected display would be even more undecipherable.

Also included in this Appendix is the digital portion of the hybrid

simulation . The various programs which were used to set up, control

and record the results of the analog simulation . The programs included

V are HEAT , with its associated subprograms , PARk, THERM , TRAN , and OPT1.

The po tentiometer setting program POTI is included also. These

programs were all developed as a direct result of this prolect.

HEAT is the main program which calls up the various subprograms in

order  t~ run the simulation. PARA sets up the parameters for a run 
V

o 1  the simulation , THERM is the heater control subprogram , TRA N is

the sub program which transfers data to and from the analog computer ,

and OPT1 is the dig ital controller subprogram .

VI i I ,

L V V -~~~~~~~~~~~~~~-V- -V —- V . V - V - V -_ ’ - -
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- ~flS PAa! IS B~~~T QUALITY pELCfl~LRT~-1 ~~E’y ~‘uj~~sij~~ ro~~o

APPENDIX C

HEAT
L ) I N  I ‘JS ION I T (  20) , 1 ~( 20), KT ( 70 )  ,JT( 20) -

V COMM ON /E3LKJ /11/F 1. o/Io,i~LV : :?/jT ,~~LKp,CI,r~LKf ,~~r 
V

V CA I .l. H IN I T (  [~~) 
I5 CALL. P~\-~M

•V ) CAL4 P A R A ( ~~ ) V

CALL STOO (1 ,IE) I
CA L ’ SA 1~O( ~~, 10)

V V (~~ ~ \‘4()( 4, IE)

V 

8 CAU TRAN (1 ) V

-
~~ 20 FOPM \f (1X ,(( P~,3X) ) -V V

CALL 071’ 1 (I )  
V

V 

DO ~- M= 1 ,1()
It .([1’(M) .GT.9970) oo To 7

4 CONTINUE V

CALL TH~T R?I
V CALL TPAN (2)

f F ( V ~~~~f (  1 ) .LT.~~f( 10)) GO To 9

CALL SAMON ,I~~
)

- 

I’:R I iN(il. ?I) ) 10 (11)) , TT ( K1 ( ))

V 7 CAL. SAMO ( I , [0) 
V

V iV i J
~ 

, — -~~~~~ 
V V ~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~~~VV -~~ -~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -V
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I 
APPENDIX C

SUBRI)IJTI!\ IE PAUA ( K)
IN 1~~GL)? OPI ( 20)
UIMLINSI N JT (20 )  ,p ~) , K ’ 1 ( 2 0 ) , 10(20 ) , I T ( 2 0 )  V

C0MM O: /~ L K T / K T / k L K Q/  I ~~~~~~~~~~~~~~~~~~ VV 
COMM0N/KLKP/P/BL~(I /11V 

C A L L . H I ’~ I U (  T E )  
V

CC)  V j Q  (~~QQ~ I 000 ) )  ,
1 500 CONfl INUII

IV4U I IE (4, 100)
V l f l V I A D ( 4 , I l O ) LPT

100 } C V ) R M A T ( ~2H NoR 1
~A~ P A E A ~’0TEI~S 1 Y P =  1;  1i ( ) = ()  ) 

V• 1 10  l— uf-~MA T (I2) 
V

V -V IF (LPT.OQ. I ) CO To 170

Y~R I 1 ’E (  4 . 1 2 0)
I i~S Af l (4 ,L 3 O ) 1 1 ( 1 2 )

L’C) 
~- OI?MA i

’( 
~
‘‘-I I NP~ ~ 

V - V  V V , 5 I  5 V V V
j -V SE TI I NO )

I 130 i-C)RMAT (15)

V I  1 - V ’C ( 4, 140)
I C A O  (4 , 1 30)  P C 2)

V 140 i—OPMAT (25H INPUT ~EA iH I SI/ti KILL /UP)

I 
YIRILL( 4 , la ))
PEAD (4 ,l :3o KT (2) V

1 60 R)RMAT( 35H I UPUT’ L-~JN TI ~IE I N S I ‘~ IILATi oN—HOURS)V 

KT (I 1)=J O0*KT (2)

3~R IL (4 165 )
PEA[’)(4,13 0) KT (10))

V 
loS FO RMAT (25 )- i  lt’~PU T i N i T i A L  C O V N I ) 1 T I O N S )

I P T T E ( 4 , 167)
REAO (4 , I 68) 100 15 )
REAO (4 ,168 ) 10 (16)

V 167 FOWMAfL-?OH INPUT IQ( 15), 1 0 ( 1 6)
168 FOPMAT (215)

(_() V 
.300 ‘ V

r ~~~~~~~~~~ -~~~ 
___________ I
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~~TSPAGE IS8~STQUAflTYPMO~~J~~~~ 88
F*MI Cjr ~~~L~kL~D TO D~Q ._ ~~~~~~

APPENDIX C 
-V

PARA (cont.) V

• 170 KT(1l )~ 75OO
KT(1O)=7 200

V P(2)=200
JT( 12 ) = i T ( 8 ) = J T ( 4 ) = J T C 1 0 ) J T (2 ) J T( 3)~~7500 V

H I 0 ( 5 ) = I 0 ( 6 ) = 2 0 0 0  -

V -V 
K T ( 12 ) = 0 0 2 0  V V

V V~~~
j  

300 CALL SA’W (7 ,IE ) 
I

CALL S A M O ( 7 , I E )

V
i 

CALL SPC)T0002,0050 ,0002,IE)
CALL SPOT (012,O100,0002 ,IE)

4 V

- CALL SP o T ( O 1O , KT( l 1 ) , 0002 , I E )

GO) 10) 44 a V

1000 CO N T I N U E

CALL SP OT0006 , JT(2 0) ,0002 ,I E )  ‘

~RITE (4.44)
44 FORMAT( I 7H ANALOG OPERAT ING ) 

V

RETURN
V END V

V 

V 

—

~~~

- -V--V.---- - V

- —---~~~~~~~~~
— -- .-~~~- 

—
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b )

V APPENDIX C V

~j V
I 

~) U .V
~~O~ I I ’ : ‘

~)IM: ’iSII )S W ( ~~~) , I S ( 1 0 ) ) , I I ( 2 ) ) , r o ( ; Vb o ) , 7 ( 5 ) , j T ( ? o)
I /IT/FLL<0/ IO/KLO-I / J T / U L K P / P

V i

V V - I C  -I ) = I 0I

DC ) ‘ L= I  ,5I 
IF ( J V f ( .l (L ) ) .GT.JT( MC L))) ~~) TO 1

V IS (M CL fl=1
~ l -V

( )

I JS (M (L))=0
5 COt1 I I N 110

4
I O (-~ )=IS (4)*2( 2)*1 5.035*1? V

-! I 0( V~ )=i (10)*P(2)*R ~~t 16 
V

1 0 ( 1  ) — ( 1 S ( 4) *2 + l ~~( W) + 1 5 ( 2  4-J5 (5)+J5 (3))*p(2)
Ii IO (s)~~IS(2)*~~~2 *7.945

IO (7)=I s(H)*~ (2)*9.2’i3 V

I0 (2)=IS (3 )*P(2)*6.455 V

-V 

PE TU OS

V

r

~

i

V

~ ~

— ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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-V APPENDIX C

V 

SURRO JT I NE T RAN ( L 
. 

IDIMENS ION I T (  20) , I 0 ( 2 0 ) ,E IC 2 0)
COMM ON/ OL K 1 /IT/5LK0/Io/RLKt/t~TCALL H I~4IT (rE) 

. 

f

V

l oo iC ) (1 ,3 ,L 1
I i-I) C K=I , I I )

-
~~~~ 2 CALL CRAC S (K—l , J T ( I< ) , I E )

CA LL CRACS (012 ,Ki (l) ,J E )
V I  C A L L  CRACS(01 I , IO ( 10), TE) V

GO) CL) S

V 3 004 K=l ,8
CALL LTDA S (K—1 ,IO (K ), I E )

4 CALL TLflA V
- 5 RE1UI~II

ENI)

~~~1 

~

V

I 

~~~~

. _ i ~ 
V

A
j

_______ _________ 

.~1 I-
—~ ~~~~~~ VVV V. V 
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APPENDIX C

07T1 C K) 
V

IN 1:002 J?i’(20
DI’.L-~~SIoN IO(,?0),Ki’(21)),JU ( ‘0) 10(20)
CL)-M%i3~ /~ LKf/KT/BLKR/JI’/~ LK0/ [ )/-~L <il/OPT-d ~ I I~
L - V p -V -V -=~~~ V I ) V )

01) ~ ) ( J , 5) ,K
V 

I C0N~ I NU O

I 0(K j ( 1) .011. 1200) CC) TO ~3 
V

JT( I .))=JT(4 )=H I

T ( (  I ) .01. 2 100 ) 00 TO I
040) ~2) 3

• I 10 (2 C i )  .011.4500)) GO TO ) V

V J~~(5 ) = 1 V L ) I ~
0)1(0) )= J i ( 0 ) ) = J J’ t. -i)~~JT( 10 ) )~ r 1i V

(~ ) _~~)

C 00)1.. 1 N

V I 31(3 )~ J:C zo =L oI-~
1 V~

S JI (~~)~~.1:( I = J f -- =~~F 2 = J i S = 1o.1
1 J I C  1)  IC 12 )=J

- I ~~‘~~~\ \ I  I~~~
[ 

V

V ~j~~~) , I. ) O

JIC ~~~~~ l0)=Jf (3)=JT (~~)~~J [C2)=7500)

PC i’iJRr~1

EN ~)

V
~L 

_  -V~~~ V - V ~~~~~~~ ~~~~~V~~~~~~~-V~~~~~~~V
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~~~IS PAG~E I-S BEST QUALITY PRLCfl~CA*T~Z 92
1Bc~J4 OX~rY ~~ ISliI.L TO DDC 

V

APPENDiX C

POT1

IT=0002

CALL H~NIT (IE)CALL SAMO (7 ,IE )
CALL SPOT(057,005 1 ,IT,IE)
K=057

V IF (IE.NE.O) WP ITE(4,1 )IE ,K
CALL SPOT(023,0033, iT , lE)
K=02 3 V

V IF(IE.NE.0) ~RITE(4,1 )IE ,K
V CALL SPC) T ( 01 6 , 0033 , IT , T E )  V

K = O I O
V IF (IE.NE.0) ~VR ITE (4,1 )tE ,K

CALL SP)T(020,0043,IT ,IE)
K=020 V

IF( .I E .N E . O )  1~R 1T E (4 , J ) I E , i(
CALL SPOT(063 , 0 I 04 , IT , I E )

K=06 3
IF(IE.NE .O) NRITE (4,1)IE,K

CALL SPOT(O6 1 ,0022,IT,IE)
K=O6 I
IF (IE.NE.0) NRITE (4,1 )IE,K

CALL SPOT(064 .0143.IT.IE )
K~ O64IF(IE.l-IE.0) WRITE (4,1)IE ,K

CALL SPOT (062 ,0015,IT,IE)
K=062 V

IF (IE .NE .0) WR ITE(4,1)IE,K
CA LL SPOT ( 032 ,0136 , I T , I E )

K~~O32
IF(!E.NE.O) t’IP ITE(4,1)IE ,K V

CALL SPC)f(060,1 900,IT,IE) 
V

K=060
IF( IE.NE.0) L~RITE(4, 3) IE ,K

CALL SPOF (072 ,0066 ,IT,IE)
K=072
I0 (IE.N ~~.0) I$ITTE (4,1 )IE ,K

4 CALL SPOT(069,0050,IT,IE)
K=069
IF (IE.NE.O) aR ITE(4,I)TE ,K

_____________
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~~~ PA~ E IS BEST QUALITY P1U.CXZC.~~4Z

~~~~ ~~~~ ~~~~~~~~ 
TO DDC ...~

—

APPENDIX CPOTI (cont . )
.: SEF POTS COP 20)0) 1 0,

CALL SPOI ( 1 1 1 ,0023, IT , 10
V K = 1 1 1

ICC 10.21.0) IIV RI T~~ 4, 1 ) IL , K
CAI _L SPOF (095,0020 , IT , I ii )

V K=O- -~
i~ C l ii . 2:: .0) I~:~ ITE ( 4 , 1)10 , K

CALL SPC)1(0~fl ,0I~~3, IT, IC)
V 

- <= Ov I
10 (10.2:1.0) UPITE (4,1 )IE ,K• CALL 5P01( 11 0 , I 906, IT, IF) V

V K= 1I O
ICCi E .NIi.0) OR ITC( 4, 1 ) IE ,K

CALL SPO F (115 ,0527 , J T , i E )
- K = 1 1 5  V

ICC 10.1-11.0) i~2 ITE C 4, 1)10 , K
~ SET P015 FOR 2002 0 - 

-

ii CALL SPCL (018 ,01 8 1 ,IT ,JE)
K = 0 1 8

4 IF (IE .IJC .O )NRITE (4, I ) IE ,K
C/I!!. SP O F (  101 ,01ô0, IT, TE)

I 
IC ( IE. \C.0) ~PITE (4, I )IE ,KCALL SPOFCI C)0,4821 ,IT ,IE)
K= lrO

V IF (IL .NF.O) ;
~P ITE 4, I ) IE ,K

CALL SPOT (102,0593,JT ,IE)
• K=102

- 
IF( IE .NE.O ) NR ITEC 4,1 ) IE ,K

~ SET POTS FOR R o o M  K - 
V

CJ\LL SPOT (017,12 03,I T ,IE ) 
V

H . K=017
V t  IF CI E . NF.O) ~RITE (4,I rE,K

CALL SPC)T(033,0120 , I T ,IE)
K=033

- IF (IE.NE.O) WRITE (4,V1 )IE ,K
CALL SPOT(037,0047,IT,IE)

- K=037
1F (IE.N0.O) WRITE (4,1 )IE ,K

CALL SPOT(030,387o , I T ,rI i)
K=0 3 C)
IF ( I E . N : i . ( )  ) 

~‘4RITE( 4,1) IE ,K
CALL SPOI (031 ,01 98,IT ,TE )

- K=03 l
IF( IE .NLi.O ) I~RITE (4, 1) IE ,K
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• APPENDIX C
POT]. (cont .)

C SE1 POTS FOR POOl F
CALL SPO1’(073 ,0 1 7 1 ,IT ,IL)

K-073
1CC ILi .N5.O) NRITE (4, I ) IE,K

V 

CALL SPC)f (013,0 100 ,IT,IE)
V K=013

V 

IFCIE .20.0) ~RITE (4, I )IE ,K
V I  CALL SPC)T(070,4219 ,IT,IE)
V 

K=070
1F ( IE. NF.O) ~-~RITE (4, I ) IE ,K

CALL SPC)T(090 ,0713,IT,Iij )
K~ O90
IFCI E I .10.O) NR ITE 4, 1 ) I E , I(

C SET Po TS FOR 2001 CT
CALL SPC)f(055,00IO ,IT ,IE)

K~~0-’5
IF (IE.N0.O) I~RITE (4, 1 )16,KCALL SPOT ( 047 , r)07o , IT ,  I F )
K~ O4710(10.2:1.0) ORITE -~~, i ~~~~~~~~~~~

CALL SPOiH12 ,0045,IT ,IE)
K~~1 1 2IF( I E .21.0) 1,2 I TIII ( 4, 1)10 , K

CALL. SP0T(0~fl ,
V~ O 1 3 , IT, 10)

K~ 0E~I
l i—C 10.211.0) 2R ITE (4, 1 )IE ,K V

V CALL SPOI1083,0005,IT,IE)
-I

IFUE.NE.O ) I’~R1TE (4. I )IE ,K
CALL sPOl(027 ,0060 , I T ,IE )
K=O27
IF( [E . N :i .o ‘ 1’~RITE( 4 , ) rE,K

CALL SPC) T (0 54 ,0060 , IT, J O )
K=~O54

V - 

IF (IE.NE .O) WRITE (4, 1)IE,K
CALL SPOT(045 ,0019,IT,IE )
K 045
IF (IE . N 1.O ) WRITE (4, 1 )IE,K

CALL SPOT(097 ,0026 , IT, I E )  V

Ii (Io.NF.O) V4RITE (4, 1) IE,K
CALL SPOT(080,0211 ,IT .IE )
K=0RO . -

IF (Iii.NE.O) IVRITE 4, 1) 10 ,K
CALL SPOT ( 11 8,01 80, IT, IE)
K~~118
IF (IE.NH .0 L~R ITE 4, I

:i !

- -  ~~
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Th.~M ~~~ 
Fl.Th~J~ i ~~~~~ ro DDC ~~_
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ri
APPENDIX C

POTI (cont .)
C SET P C) fS ~ ()~ R C) OM 1)

CALL ~Por o4o ,~~1 :3~5, IT , II- )
K =04 0
I t - C l  E . N N . O )  ~R I T ~i ( 4 , I ) I F ,K

CALL :~P O F ( 0 4 ? , ’Y) I~~, TT , I [)
K = 0 4 2
I - ~ I E . : ;~~.o ~ I ~~ 4 , 1)  I~~, (

CALL SP O~~(08 7 ,~)O 29 , I T ,j E )
K=OH ]
I F (  I ~~~~~~ v.~ ITi~c4 , 1 IE ,K

CALL S P i 0 ~5,1 894,IT ,I~~)

Ii -~ I E .N ~~.O ) v:p I T E ( 4  , I IE , K
CALL SPOi (079,04F32,IT ,IE)

K=079
IF (IE.~~~.O) ~RITE (4, 1 ) IE ,KL SET POTS ~ OP ~? OC ) . ’.~ I

CALL SPOf (034,0351 ,IT ,I~~)<=034
I F ( I E . ~~~.0) ~P I T E ( 4 , 1 ) I E , K

CALL S PO i ( 0 3 5 , ()44 0 , I T , I E )
K =0.3 5
I F (  IE .  N b .0  ) ~P I T E ( 4 , 1)  ft , K

CALL SPOT(067,0043,IT,IE)
K=0~57
l r ( I E . N t ~.0)  V1~R I T E ( 4 , I ) I E ,K

CALL SPOT(065,2447,IT ,IE)
K=065
I F U E .~~~.o V~fl I T E ( 4 , I )IE ,K

~ SET POTS FOP R OO M H
CALL SPOT(o46,0033,IT ,IE)

K=04 6
IF(.IE.NE.0) ~R!TE(4,1)IE ,K

CA LL SPOT(07.I ,0577 ,IT,IE)
K=07 1
IF (IE.NE .0) I~PIT~ (4,1 )TE ,KCA LL SPOF(077,0389,IT ,IE)
K=077
IF (IE .~.IE .0) V~P ITE(4,I)IE ,K

CALL SPOT (105,0052,IT ,IE)
K=105
IF (IE.NE.0) V~R ITt (4,I)IE ,K

CA LL SPOT(075,3772,IT,JE)
K=075
IF (IE.NE.O) ~RITE (4,i )IE ,K

I
_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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APPENDIX (~

POTI (con t .)
C ~~ r poT~; i~(fl~ ~ (R ) ’.~ C

CALL . SP () F ( 0 ~~~,oI 4.), IT, fl-
i\ ::(~“~ .)
h - C  I .N~~.O) ~R I TE (  4 ) fl: ,~

CALL ~~~t ) i  ( ~~~ () 112 , IT, I F )

I1~~( T L . ~~L~.O) ~ I 1 i ( 4 , l )  u .K
(‘Ajj  SPUF (053, ‘)0~~0 , I I- , I

f l (  I E . N F . O)  ~P I T L ( 4 , I 11 , K
CAL L 5P01’ ( 0Th, 043.), ii , t r )
K~ 076IF( I I~.N .0) ~ IT~:(4 , 1)  IF ,K

CAL L s P o f ( 0 ’~ 1 .00 ~ , IT, IF)
K~ 05I1F IE.N: .0) ~RITE ( 4,1) I F ,K

(‘AL L SPor (oso ,o 1c~.), ir , I F )

I F (  t E . N:~.0)  ~‘4 P I T E ( 4 , 1 )  I F , K
~0I~M A T ( . ) X,  H ,2 X ,  13)

END
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A I’ PEN I ) LX I)

i i i  ~- A ppendix ~‘out a In s  t t ie  spc~ I I i  c~i t  ion  sh eet ii t h e  t n t  ci I

u O i t  e o~~p ot iea  t s - l ie  c spec i t  lea t oti  sl :  cc t S d rt ’ :. i m p !  t 1 ed v t~r:; Ion s

o th ose  put out by  the m a n u f a c t u r e r s  01 t he  com p onen t  s - Th ey ar e

not meant  for use by someone who is bu i ld in g  such a dev ice  hut  t o e

t h ~ reader to gain ins igh t  int o the f u n c t i o n  and use of the  i n t e r f a c e

d e v i c e .  ~‘he ’ c on n ect  ion  of  the  components as w e l l  as the in terac t ion

- tweer ~ them is more east  lv  un ders tood  when a b a s i c  k n o w l e d g e  ot

t h e  components  i s  gil (ned . [‘he scheniat Ic for t h e  I nt e r f a c e  u n i t

i s  i nc ludeti i n  t h is  A ppen di x a lso.  ‘l’he text  o t  Chapter .
~ conta ins

a d i  s c i m s s  i on  f t he  use of th i s  d e v i c e .

II 
— — —.~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~ ,.~~ .-,._ s&
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- - SPECIFI CATI ON SHEET 1

ADC-EK8B Monolithic Analo g-to-D igital Converter

The ADC-EK8B is a low power , integrating ana l og -to-d i gltal

converter fabricated on a single monolithic chi p u sing CMOS t echnology .

The circuit employs a charge balancing integrator , c u r r e n t  switch ,

comparator , clock counter , data counter , and c o n t ro l  lo g ic  c i r c u i t ry

to implement conversion . The charge balanci ng Integrati on techni que

gives high l i nea r i t y  and noise immnu n i tv  along with I nh er e n t m o n ot o n l c i t . v

result ing in no missing codes . Outpu t  d a t a  appears  I n  p a r a l l e l

fotin on latched outputs which  are (‘~~)5 , low power f l !  • ~‘m t o w

power Schottkv TTL compatible. 2

PIN FUNCTION PIN FUNCTION
I NC 13 ‘~eference
2 ~~ An a l o i ~ I nput
3 15 Amp l i t ier out
4 NC lb  :Iero a d l u st
5 Bit 0 out (MSB~ 17 Bias
6 Bit 1. out iS -5 volt power ~tn )
7 ~it 2 out 19 4 5  volt  power tt n ’

~
8 Bit 3 out 2~ Cround
9 Bit 4 out 21 Start convert ( in~
10 Bit S out 22 E .  0 C . ( s t a tu s \
11 Bit 6 out 23 E)ata valid
12 Bit 7 out 24 NC

~in 
- FSR/l0 A l0v/ lO A iN

Rref ~
‘ref ’~2° 

A = ÷sv/2o A 250 K *

2ADC-EK8B Sei~ies
Datel Systems . Inc .
1020 Trunpike Street
Canton , Mass 02021

.

~

— — -- 
~~~~~~~~~~~~~~~~~~~~~~~ . ;—~~
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S P E C I F I C A T I ON  SHEE’l ’ 2

CD4051A COS/MOS Analog M u l t i p lexer

The RCA ( ‘OS/MOS analog multi plexer , CD4O51A , is a d i g i t a l ly

controlled analog switch having a low “on” impedance and a very

low ‘‘oft ’ leakage current . C o n t r o l  of a n a l o g  s i~~n a1s  im’ ~ t o  I i I t t ’e n

volts peak-to-peak ~an he achieved by digital signal amplitudes

I of three to fifteen volts. The multiplexer circuits dissi pate

extremely low quiescent power over the full V1~D
_V
FE supply voltage

range , independent of the logic state of the  control signals. When

a logic “1” is present at the “inhibit ” input terminal all channels

are “off” . CD4OS1A is a sing le 8-channel multiplexer hav ing  three

binary input signals , A , B , and C , and an “inhibit ” i nput . The three

• binary input signals select one of eigh t channe ls  to be turned “on”

- 3
• . ~nd connect  the  i n p u t  to  the  conmion o u t p u t  -

• I’ IN VIJNC1’ I ON I’ iN l”UNC T iON
1 Channel  4 (in) ~l Control  C (in)
2 Channel  6 ( I n )  10 Control  B ( in)
3 Comon outpu t 11 Control  A (in)
4 Channe l  7 ( i n)  12 Charne l  3 ( in ’)
5 Channe l  5 ( i n ’) 13 Channe l  0 ( in ’)

In h i b i t  l~ Cha~ ne1 1 ( i n)
15 C h a n n e l  2 ( i n )

• 8 V 55 l t~ V 1.111

I I n h i b i t  C B A “ON ” Channe l  =
.. 

0 0 0 0 0
0 0 0 1 1

1 0 0 1 0 2
- 0 0 1. 1 3

O 1 0 0 4
0 1 0 1 5

1 1 0 6
O 1 1 1 7

-

~~~~ 1 1 - - - none
- 

3 Rt~k Solid State ‘74 DATABOOK Seri es
‘ COS/MOS Digital Integrated Circuits

RCA Solid State , Box 3200, Somerville , N. J. 08876
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SPECIFICATION SHEET 3 1 -

CD4O1OAE COS/MOS Hex Buffer/Converter

This buffer/converter provides conversion r a ng e s  frorn ( ‘~~S . MO5

logic operating at positive three volts to pos itive fifteen v o l t s

supply level to DTL or TTL logic operating at positive three v o l t s

to posit ive six volts supp ly level. Convers ion t o  logic l ev e l s

greater than positive six volts is permitted pro viding 
~
‘c c (111’1 ‘ F11. )

is greater than 
~DD~~

0S/’M0
~~ -

PIN FUNCTION PIN FUNCTION
1 V~ 9 D ( i n )
2 A ~out ’) 10 D ( o u t)
3 A~ (in) ii F (in)
4 B (out )  12 F (out)
S B (in) 13 NC - =

6 C (out) 14 F (in)
7 C (in’) 15 F (out)
8 Ground 16
4
RCA Solid State ‘74 DATABOOK Series

COS/MOS Digital Integrated Circuits
RCA Solid State , Box 3200 , Somerville , N. J. 08876

V

L ~~~~~~~~ 
- -  

-. - ~~~~~~~~~~~~~~~~~ 1~~~~~ :.--~~ • -
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r • 
APPENDIX 1.1

I
‘. SPECIFICATiON SHEET - ‘.

High Perform ance Opera t iona l  A m p l i f i e r  ~JA74 1

The 
~

A74l is a high per formance  ope ra t i ona l  a m p l i f i e r  w i t h  h igh

open loop gain , i n t e r n a l  compensa t ion , h igh c ommon mode range  and

-~~ 
- exceptional temperature stability. The rA74 1 i s  s h o r t - c i r c u i t

I protected and allows for nulling of offset voltages. 5

- - PIN FUNCTION P IN FUN C I’I ON
1 O f f s e t  n u l l  5 O f f se t  n u l l
2 Inverting input 6 Output
I Non-inverting input 7 Vt
4 V— 8 NC

4 5TTL Integrated Circuit8 Data Book
• Compiled by 0. H. Perry III LT, USN

Weapons and Systems Engineering fleparment ,
United States Naval Academy

I,
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SPECIFICATI ON SHEE T 5

Rex Buffer/Driver N7407

Tb. 54/7407 and 54/7417 Hex buffer/driver features standard

TTh inputs with non-inverted high voltage , hi gh current open

collector outputs for interface with MOS , lamps , or relays. The

54/7407 maximum output is thirty volts and the 54/7~ l7 maximum

output is fifteen volts.

I
PIN FUNCTION PIN FUNCTION
I A ( i n )  8 l) ( ou t)
2 A (out) 9 0 (in’)
3 B (in) 10 E (out ’1
4 B (out’) ii F (in)
5 C (in) 12 F ( o u t )
6 C(out’) 13 F (in)
7 Ground 14

6rTL Integrated Circuits Data Book
Compiled by 0. H. Perry III , LT, USN
Weapons and Systems Engineering Department
United States Naval Academy

- a

— ----~~~~~~~~- - -  ~~~~~~~~~~~~ •• •~~~~~~~; - - - — -- T~~_~ _____ ~~~~~~~ •~~~~-~~ _~~~~~~~~~ -~~_—_ ~~~ • ~_
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A P P E N D I X  1

S MULTI PLEXER S IGNAL C ONNECT I ON SC1IEMA T IC ‘
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APPENDIX D

PIN DESIGNATIONS FOR INTERFACE BOARD . -

1. Control bit 6 (out) A. -18 volts supp ly

2. Control bit 5 (out) B. Analog signal 7 (in)

3. Control bit 4 (out) C. Analog signal 6 (in)

• 
. 4. Control bit  3 (out)  D .  Analog signal 5 ( in)

5. Control bit 2 (out) E .  Analog signal 4 (in)

6. Control bit 1 (out) F. Analog signal 3 (in)

7. Control bit 0 (out) H. Analog signal 2 (in)

8. +10 volts supply J. Analog signal 1 (in)

9. Control bit 7 (out) K. Analog signal 0 (in)

10. NC L. Control bit 6 (in)

11. NC N. Control bit 5 (in)

12. Control bit 7 (in) N. Control bit 4 (in)

13. Control bit 0 (in) P. Control bit 3 (in)

14. ADC bit 7 (out) LSB R. Control bit 2 (in)

t 15. ADC bit 6 (out) S. Control bit I (in)

16. ADC bit 5 (out) T. ADC data valid (out)

17. ADC bit 4 (out) 
— 

U. Multiplexer control A (in)

- L 18. ADC bit 3 (out) V. Multiplexer control B (in)

19. ADC bit 2 (out) W. Multiplexer control C (in)

20. ADC bit 1 (out) X. ADC start convert (in)

21. ADC bit 0 (out) Y. E. 0. C. status ADC (out)

22 .  Ground Z. +18 volts supply
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Appendix E contains the entire programming sequence for the H-S

computer . A flow chart of the program is presented , then the  mnemonic

code listing of the program , then the definitions of the various

mnemonic code words . The actua ’ machine language program is then

listed . The parenthesized numbers in the program represent thp

temperature settings for various rooms . (1.’) is the setting for

room A , (2) for room 3, (3) for room C , (4) for room P. and (5)

for room I. These settings would be programmed for the desired

temperatures in each room for the time period the temperature is

desired . The octal numbers corresponding to the analog voltage

levels in the EAI-681 are listed as the last Item in th i s  Appendix .

The temperature levels associated with voltage levels are exactly

ten times the voltage output or one hundred time the machine unit

output of the analog computer. Thus a voltage of 5.5 volt~~(.55

machine units) represents 55 degrees F. The setting ot the

individual room temperatures would be accomplished by p u t t in g  the

appropriate octal number into the appropriate slot in the program .

_ _ _ _ _ _  
_~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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‘I’I ‘I NI- I’FRI OP I

S TEMPERATURE T IM E
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APPENDIX E

MNEM ONIC COI)F PROC R.AN

040 100 MVI A 116
OUT 2 7 7
MV 1 A 005
O F F  2 7 7

N V I  A 116
0t’r 771
MV I A 005
O F F  2 71

040 120 NVI A 000
oi i’ 270
I N  2 7 0

- 
- & U ’ ! 0t~0

21 iO ’~ O-~0
‘N 27t)

‘1 1.~
- I I ’ 2 ‘+-~ () ‘~~()

IN 27 0
(‘PT 2~~S

210 0.0

040 151 M V I A 1,1)
STA 100 041

• MVI A ( 2)
S’I’A 101 041
MV I A (3)
S’1’A 102 041
MV I A (74 )

S’VA 103 041
‘lv i A (SI
STA 104 041

350 040

040 210 MVI A ( I)
S I’A 100 041
NV 1 A (2)
S’I’A 101 041
N V I  A ~~~
SFA 102 041
M V I A (- ~~
STA 103 0.1
MVI A ( S ’I S

I-
~ I A  104 041

JMP 1~0 O-~.O 
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\:I~u N : TX E
040 27+4 MEl  A I i >  

•

ST A 101) 0 + 1
MV 1 A 12 )
STA 101 I ’ . I

M VI A 1 3 )

S’I’A 102 u7 +l
MVI A ~4)
S’I’A 103 041
MV! A ( ) )

S I A  10+ 07+1

JNP 350 040

040 300 MVI A (1)
STA 100 031
MVI A (2~
STA 101 061
MVI A (3)
STA 102 041

t MV 1 A (4 ’)
STA 103 041
MVI A (5)
STA 103 07+ 1

JMP 350 07+0

040 350 LXI S P 1111 07+1
LXI H 0 t - ’+ 2 , 1
LX I  I) 071 (34 1
LX 1 II 100 041

040 364 LDAX ~
0UT 270
IN 270
C~NP M
JNC 00-’. 041
XTHL

j LUAX O
OR. A M

II STA 076 041
XTHL

041 004 LDAX ii
005

JZ 020 041
INX B
INX P

I i TNX H
.JMP 364 040

041 020 LDA 076 041
OUT 276

J MVI A 000
STA 076 041
JMP 120 040

-— ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - _  _— - --  
.- -- _~~ 

_ 
~~~~~~~~~~~~~~~~~~~~~~~~



~~~~ .+- -
~~~~: ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ -.————- .—---~~~~——— — ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~

- -
~~
. ..- ..•

114 1
A P P E N D I X  F

I
MNEMONI C CODE D E F I N t T I O M E
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APPENDIX E
~~‘

‘ 1:AI, ~~~~~ t t R 3O”AM I L~.. • NO

040 100 (17h ~l€ 323 2 7 7
- 

) 3~ 0Th 33S 3 - i l  2 ’

i l l  Olt ,  1lt ~ 32 3  2 7 1
3~~t, (‘oS 32 3  2 ’

120 376 000 173 270
12 7+ 313 270 ~~

‘
~~~-i l~~ (1

‘ii) 3 ( ,7 133 I ill

13. I~~ i ~Th 1 ~~
‘, 1~ I

l .~~~
‘ ,‘~~~ s 1 ~ , 13 7 7 7 3

:.+ .  r.. 2 0 5  ~.r 2 13
I 53 - . ~~- , 1 3 11 It , .

I ‘ - i - .  30 - .1 07n ( I ’1
I b 1  1 1-. ii ‘~ -~1~ . 7

171~1. ( 3 3  l# ’2 1~•
-I ’ 3:,1

S ‘0’  ‘I, , ~ ~~, (1 7

I ~.. ~ • 1 -~ ( S I  .

‘ --, t
~ 230 1 ‘ ‘~~ . ( t i  301

23 - - - i ’ l s l  71 1(7 11)3
- 

- 210 7Th ( 13  l, ’ 1 7 0
71 . i 7 + 1  3 ~ I,  (~~ i \

22 0 (1’  -
, l~~~I’ ( ~

223 t i t- i l 131 ~-~ l ) 7 r ,
2 10 ( 43 I~I ’2 j 3 1  0:1.1
‘3 i~~ u, 5 , 3  ~~~~

‘‘ 10
‘—1.0 07+1 31.) 3 1 ‘~ t (~) ,~

t

2-~-+ 07 t ’ 1~ (‘6 1 1 371

250 041 ( 17t,  ( , 3 0162
2 5 7 +  101 3 1 . 7  3Th ( 3 3
260 ‘nI 102 0.~l 0Th

ri-i. 1 ~3 ~~u-.I lj~3 3
2 ’ 0  37~~~ ( 5 )  062 107+
2 7 1 .  3., 1, (33 :350 07+0

040 300 377 -i ( 1 )  062 100
307+ 07+1 0Th ( 2 )  062
310 101 07+1 076 (33-7 

314 0~~2 102 3 1  (‘Th
320 ( ~ 062 103 . d
32-i 076 t 0 3  Ot- i l 137+
330 3 .~I 133 37+3
‘~~~~ 1. XXX X X X XXX XXX

37+0 XX X XXX XXX XXX
37+7+ XXX XXX XXX XXX

~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ 
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‘1St) 061 11(1 ( 1 . 1  1)0 1
354 0t~7+ 041 1)21 07 1
360 061 041 100 041
364 012 323 271) 133

I 
370 270 276 122 ()0-’t
374 041 343 032 266

I 041 000 (162 076 041 ‘77 + 1
- 

I 004 (112 376 005 312
010 020 041 003 021

- 014 043 30’l 37 5~ 1)41)
1 020 072 076 07+1 ‘12 I
‘ 1 024 276  07b 000 Oti2

030 076 041 303 120
1t ‘ 034 040 XXX XXX XXX

040 xxx xxx xxx xxx
- 044 xx x xxx xxx xxx

050 XX X XXX XXX XXX
4 054 XXX XXX X XX XX X

060 XXX XXX XXX XXX
- .

~ 064 001 002 003 006
‘h 070 005 001 002 004

074 1)11) 020 xx x xx x
• 041 100 (1) (2) (1) (7+’)

104 (5) XXX XXX XXX
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APPENDIX F
ANALOG VOLTAGE TO OCTAL CONVERS ION TABLE -

9.96 377 8.16 322 6.36 245 4.56 170 2.76 (113

9.92 376 8.12 321 6,32 244 4.52 167 2.72~ 1l2
9.88 375 8.08 320 6.28 243 4.48 166 2,681

111
9.84 374 8,04 317 6.24 242 4.44 165 2.64 110
9.80 373 8.00 316 6.20 241 4.40 164 2.60 107
9.76 372 7.96 315 6.11’ 240 4.36 163 2 ,56-106

9.72 371 .92 31,4 6.12 237 4.32 162 2.52!105
.68 370 7.88 313 6.08 236 4.28 ~61 2.48 104

9.64 367 7.84 312 6.04 235 4,24 160 2.441 103
9.60 366 7.80 311 6.00 234 4.20)157 2.4O~ 102
9.56 365 7.76 310 5.96 233 4.16~~l56 2.36 101

9.52 364 7.72 307 5.92 232 4.l2~ lS5 2 . 3 2 tOO
9.48 363 7.68 306 5.88 231 4.081154 2.28 077
044 362 7.64 305 5.84 230 4.04 153 2.24 076
9.40 361 7.60 304 5.80 227 4.00 152 2.20 075
9.36 360 7.56 303 5.76 226 3.96 151 2.16 074

7$ 9.32 357 7 .52 302 5.72 225 3.92 iSO 2 ,12~~O73
9.28 356 7.48 301 5.68 224 3.88 147 2.08;072
9.24 355 7.44 300 5.64 223 3.84 146 2.04 071
9.20 354 7.40 277 5.60 222 3.80 145 2.00 070

— 9.16 353 7.36 276 5.56 221 3.76 144 1 .96 067
9.12 352 7.32 275 5.52 220 3.72 143 1 .92 066
9.08 351 7.28 274 5.48 217 3.68 142 1.88 065
9.04 350 7.24 273 5.44 216 3.64$ 141 1.84 064
9.00 347 7.20 272 5.40 215 3.60~ 140 1.80 063
8.96 346 7.16 271 5.36 214 3.561 337 1.76 062
8.92 345 7.12 270 5.32 213 3.52 336 1.72 061
8.88 344 7.08 267 5.28 212 3.48 135 1.68 060
8.84 343 7.04 266 5.24 211 3.44 134 i . t-t4 057
8.80 342 7.00 265 5.20 210 3.40 133 1.60 056
8.76 341 6.96 264 5.16 207 3.36~ 132 1 .56 055
8 .72  340 6.92 263 5.12 206 3 . 3 2 -  131 1.52 054
8.68 337 6.88 262 5.08 205 3.28~ 130 l.7+8~O538.64 336 6.84 261 5.04 204 3 .2 127 1.44 )052
8.60 335 6.80 260 5.00 203 3.20 126 1.40 051

8 .56 334 6.76 257 4.96 202 3.l6~ 12 5 1.36 050
8 .52 333 6.72 256 4.92 201 1 .17 127+ 1.321 047

8.48 332 6.68 255 4.88 200 3.08, 123 1.281046
8.44 331 6.64 254 4.84 177 3,04: 122 1.24 045
8.40 330 6.60 253 4.807 176 3.00 , 121 1.20 044
8.36 1 327 6.56 252 4.761175 2 .96- 1,20 1.16 043
8.32~~326 6.52  251 4,721 174 2.02 117 1,12 042
8.2&325 6.48 250 4.68 173 2.88~ 116 1.08 041
8.24 324 6.44 247 4.64 172 2 .841 115 1 .04 040 

- .
8.20 323 6.40 246 4.60 171 2,80! 114 1.00 037

j
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APPENDIX F

Appendix  F contains the results of test runs made in order to

de termine th1~ optimum low tempera ture  for  an unused room . The data

4 is presented such that the hori~onta1 axis is the temperature setting

. s t  the unused room and the vertical axis is the total heat used

for  the t ime period bei ng considered . The ba r graphs at the end

01 the Appendix represent the amount of heat used when the rooms

indicated are not heated . Runs were made for a t o t al  t ime period

oi eight hours in all cases.  The first nine graphs are those r e su l t ing

when the unused room is set to the t emperature on the x-axis for

the  ent i re  t ime period . The following graphs are the resul t  of the
- 

,

- 
unused room being set to the t emperature on the x-axis for  the t ime~

pe riod indicated on the graph , f i r s t  3 hours out of eight , then

-‘÷ 5 minutes  out of eigh t hou rs , then 23 minutes out of eight hours .

As the grap hs show, the t rend is always the same . The t o t a l  heat

used increases when the temperature se t t ing  of the unused r~’~’tiI

is raised .
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APPENDIX G

I I
• I This Appendix contains the use chart s used to write sample

programs for the digital controller . The first use chart represents

I the use habits of a family which does not use their house in the day,

1 and does not use the bedrooms until retiring . The second use chart 
I

represents the use habits of a family which does use the house during

j the day . The charts represent typical habits for people and do

not really mean that then , is actually a family which follows these

use charts . The results obtained from using the charts is meant

to be representative of what could be achieved with the controller .

lI~
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USE CHART It

0
0 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _

0

0

- 1  4I~~z Z
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0 0
1a3
I- I-’

Z

8 
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _- _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

0 0
0 0

I-.
‘C ‘C

8 _ _ _ _  _ _ _ _  _ _ _ _  _ _ _  _ _ _ _

—

0 0
0 0

‘C
‘C ~IC ‘C

8 
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _

4 U 0



— - -~~~ - - -- — ---— -— —~ 4, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~—~ w~’. • _ ~~~~~~~~~~~l, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

UNCLASSIFIED
A S S I F I C A ’ I O N  )l~ TIllS P A , L  Np- .~ I)ai~ l’~~~ ‘ ‘ I

REPORT DOCUMENTATION-PAGE II 
_____  

I

I R~~P~~RT NUMBER GOV T A C , E  SIO’ .0 3 ~~~ P L L ’ • ”S C A T A OL,~~.~~M1I E l-I

U.S .N .A .  - TSPR; no. 92 (l i ’/I ~ ) i  
-- - -  —

4 TiT ,,~ ‘.~Id Subt l l ls l  S T~~~~ L O~ I~~ 4” UR1 ~ Pt  I 4 I V I C  ~~~L i-4ED

r~~1,~11 , I ’ 7 ( ’ ( ~’ .
t {tCROPR0C~~ S0R-BASED DIGITAL COWr~ )L C~ ~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~VII

~~
?
~

(ENTAL SYST FII S.
7 AU ’r ,.,OR(.  ~~~d 01. ~~~~~~~ )R 1. RA N ” 1~~ M BER(e)

Eddy D. Kee .
6 PE R F O R M NG O R GA N I ~~ A Oi. ~~AM~ A!~O ~~~~~~~ 

— - - 
- 

‘~~ - - , - ~~~~~~~ - - ~~~~~~~ ~‘ 4  - - : r , T A S I c  -
S ~~~~~~~~ ~~i ’ ¶ , ~ Ml, t I~~

/

United States Naval Academy, Annapolis, Mt. . -

¶ I CO I ’R0,,L, i1IG O F F I C E  N A M E  A ND A D D R E S S  
- — -  —

~ 2 I ~EPONT Q A T E  
— - - -

1 June ~~~~~
¶ 3  ~~t U B E R  O~ R A G E S

United States Naval Academy , Annapolis , ~~~i.  - ____

¶ 4  N3p,~ITORII4 c. AG ENCY NAME & A O D R E S S ( l t  , j I f i~ ,.,-,I IIoflI 4 ;;IU’iII,’ 5 , ) t 4 I , .I IS S E C , R l T~ C~ AS S I’~ ~~I4 rlpo rI

5. OEC~ ASSI ~~IC AT IC’ PII O . G R A O I N G
I

SCrIEDULS

6 DiS” RI 8U T ION S T A T E M E N T  ‘ot 151. i~.po rI

This document has been approve d for publ i c
its distribution is U NLIMI TED .

7 D 5 T A l 5 ~j T IO N  S T A T E M E NT  of ¶5. ab.t?.ct •ni.r.d in Blo,’h 20 , II .1 i f . r , t i l  troll, R.- ., - , I

This document has been approved for publi~ r~ is~-~~-c ;

I. its distribution is UNLIMITED.
1$ SLJ PPL tMENTA ~~Y NO T E S

I;
Accep ted by the cha irman of the Trident ,icl.4 -la ,- ~~~-l~- -~~t t-e4 - .

~ ~~~Y ~q~os (Continu. on r. .?.. aId. Ii n..-.a.a,y r,J iJ.lItitl ’ b, t, !o~ k noo ,b.r)

J Heating . -

Automatic control.
&ivirornnenta]. engineering (~~iildings)
Ener~ r conservation .
&aildings . 

_____

20 A S S TA A C T  (Conan... on r.~’.’.. .Id. II n.c...a.,)r aid td. nIfl~ b, block noa~b.r)

J This project investigated the use of microprocessors and a;soctate d
I .  ha rdware to control the heating of a building i n order to save energy.

A house was simulated on the hybrid cQitputer and controlled by a micrl -
processor—based digital controller. The work includes the m athem atical model
simulation , flow charts , computer program s for controller , etc . to use for
different type of houses and Insulati ons .

Thests showed that a significant amount of eI’mergy ~as sased by using
the controller, as much as 30-’0 o/o , depending on the use—habit -s of the how ~.

DD ~~~~~~~ ~473 EDITION OF I NOV S5 I$ OSSOLETI UN C LASSIFlF~D .
I’4 07 07 -  L~ • 0 7 4 -  O607  SEC UNITY CLASS IFICATI O N 01 THI S PAGE ~B7,.n 11.1. £NI~~ .’fI


