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P r e f a c e  t o  2 .  e d i t i o n .  

Two e x t e n s i o n s  have  been  i n c l u d e d  i n  t h e  BA4 programme, A p r i l  

1977 v e r s i o n :  

1) An o p t i o n  o f  r u n n i n g  q u a s i s t a t i o n a r y  c o n d i t i o n s ,  w i t h  

r e p e a t i n g  d i u r n a l  c y c l e .  Then t h e  T e s t  R e f e r e n c e  Year i s  

n o t  u s e d ,  and  c o n s e q u e n t l y  s u n r a d i a t i o n  and  o u t s i d e  a i r  

t e m p e r a t u r e  have  t o  b e  s p e c i f i e d  (BA2 t y p e  c a r d ,  AIRTEMP 2 

t i m e  se r i e ,  page  1 3 ) .  

2 )  The d i r e c t  beam r a d i a t i o n  i n  t h e  Danish  R e f e r e n c e  Year c a n  

b e  ze roed  on c e r t a i n  d a y s  i n  December, J a n u a r y ,  March and  

A p r i l ,  t h e r e b y  b r i n g i n g  t h e  d i r e c t  r a d i a t i o n  i n  b e t t e r  

a c c o r d a n c e  w i t h  t h e  a v e r a g e  number o f  s u n s h i n e - h o u r s  i n  

t h e  months men t ioned .  (MODREF t y p e  c a r d ,  page  1 3 ) .  T h i s  

o p t i o n  sha l .1  be  used  o n l y  w i t h  t h e  Danish R e f e r e n c e  Year 

p u b l i s h e d  1974.  

A s h o r t  d e s c r i p t i o n  o f  t h e  prograrrxne c a n  b e  found i n :  

Hans Lund: The model and t h e o r y  beh ind  t h e  BA4 programme, 

Thermal I n s u l a t i o n  L a b o r a t o r y ,  1978.  

J a n u a r y  1979 Hans Lund 



Programme BA 4 

The programme c a l c u l a t e s  f o r  a  room h a l f  -hour v a l u e s  d u r i n g  
a  whole yea r  of room t e m p e r a t u r e s ,  u t i l i z i n g  a  s i m p l i f i e d  
method. F u r t h e r  it c a n  c a l c u l a t e  h e a t i n g  and c o o l i n g  l o a d s ,  
t a k i n g  i n t o  a c c o u n t  sun r a d i a t i o n ,  f i x e d  and movable sun  
s h a d i n g  d e v i c e s ,  v a r y i n g  v e n t i l a t i o n  and i n f  i l l r a t i o n ,  e l e c -  
t r i c  l i g h t i n g  and o t h e r  h e a t  s o u r c e s  i n  t h e  room, etc.  

The c a l c u l a t i o n s  u t i l i z e  t h e  weather  d a t a  from t h e  Danish 
Refe rence  Year. 

The r e s u l t s  may b e  p r e s e n t e d  i n  s e v e r a l  d i f f e r e n t  ways, 
w i t h  a  few v a l u e s  f o r  e a c h  d a y ,  w i t h  d e t a i l e d  d e s c r i p t i o n  
f o r  s i n g u l a r  d a y s ,  or f o r  e a c h  o f  t h e  twe lve  months and f o r  
t h e  whole y e a r ,  sums, mean v a l u e s ,  f r e q u e n c i e s  o r  f r a c t i l e s .  

The main s i m p l i f i c a t i o n s  i n  t h e  c a l c u l a t i o n  method c o n s i s t s  i n :  

l) t h a t  a l l  s u r f a c e s  i n  t h e  room, a p a r t  from t h e  window, 
a r e  assumed t o  have t h e  same s u r f a c e  t empera tu re .  

2 )  t h a t  a l l  h e a t  accumula t ion  t a k e s  p l a c e  i n  one l a y e r  i n s i d e  
t h e  w a l l ,  and t h a t  t h e  h e a t  accumula t ing  l a y e r s  of a l l  
w a l l s  have t h e  same t e m p e r a t u r e .  

3 )  t h a t  a l l  s u r f a c e  r e s i s t a n c e s  a r e  c o n s t a n t  ( b u t  n o t  neces -  
s a r i l y  e q u a l )  . 

The programme c o n s i s t s  of one main programme and t e n  s u b r o u t i n e s .  
T o t a l l y  1200 c a r d s ,  i n c l u d i n g  comments. 
By u s i n g  a  condensed Reference  Year s t o r e d  on d i s c ,  t h e  execu- 
t i o n  t ime  w i l l  be 16-24 s e c .  f o r  one room, one y e a r ,  dependen t  
of  numbers of window o r i e n t a t i o n s ,  sun  shad ing  d e v i c e s  e t c .  
(On a n  I B M  370/165 sys tem,  compiled by a  FORTG c o m p i l e r ,  com- 
p i l i n g  t i m e  n o t  i n c l u d e d ,  c o r e  needed: approx.  83 k  + i n p u t -  
o u t p u t  b u f f e r s ,  t o t a l  98 k). 
Programme BA 4 i s  developed a t  t h e  Thermal I n s u l a t i o n  Labora to ry ,  
t h e  T e c h n i c a l  U n i v e r s i t y  of Denmark. S p e c i a l  e d i t i o n s  e x i s t  
f o r  c e r t a i n  purposes ,  and tke programme i s  sometimes changed.  
T h i s  copy r e l a t e s  t o  May 76 s t a t u s  of t h e  programme. 
The method u t i l i z e d  i s  proposed and d e s c r i b e d  by Bo Andersen. 

The programme i s  owned by t h e  Thermal I n s u l a t i o n  Labora to ry ,  t h e  
T e c h n i c a l  U n i v e r s i t y  o f  Denmark, B u i l d i n g  118, 28 00 Lyngby . 
I t  i s  s u p p l i e d  f r e e  t o  p o t e n t i a l  u s e r s .  

May 1976 Hans Lund 

* ) T h i s  copy r e l a t e s  t o  t h e  A p r i l  1977 v e r s i o n  o f  t h e  programme. 



Test Reference Year 

(~anish "Reference Year") 

The "Test Reference Year" (TRY) is a weather data collection with 
8760 hourly weather registrations, containing a considerable num- 
ber of weather parameters for each hour. It is intended, for a 
given location, to ideally represent the weather throughout a typ- 
ical year, on the assumption that a typical year can be defined, 

Its main purposes are to make it possible for architects, con- 
s~lting engineers, and others to make use of computing programs 
for calculations of energy consumption and indoor climate by an 
entire year of weather data, and to make it possible to compare 
different projects throughout a whole year. 

For the program mentioned here, the Test Reference Year is nor- 
mally used in a condensed form, stored on disc, and containing 
per hour those data only that are relevant to the program. 

In those cases where a condensed Test Reference Year is not 
available, the full Test Reference Year on tape is utilized. 
The subroutine DISKL is then substituted by a subroutine 
TAPL (included in this version of the Users Guide). CALL 
TAPL instead of DISKL in line 106 in MAIN-programme. 

For those cases where a Test Reference Year with hourly values 
of direct, normal radiation and diffuse radiation is not avail- 
able, the Laboratory possesses algorithms and subroutines that 
permit calculations of the radiation data from cloud cover obser- 
vations. 



Output from BA 4 programme 

The ou tpu t  covers :  

I A reproduc t ion  of i n p u t  d a t a .  
I1 A "smal l"  l i s t  ou tpu t  wi th  a  few va lues  f o r  each 

day of t h e  yea r .  
111 A "big"  l i s t  o u t p u t  wi th  va lues  f o r  each h a l f  hour 

f o r  a  few (up t o  10)  s p e c i f i e d  days  of t h e  y e a r .  
I V  Monthly and y e a r l y  f  sequencies ,  mean va lues ,  sums 

o r  f  r a c t i l e s .  

I and p a r t s  of I V  a r e  always produced. 
I1 i s  produced i f  it  i s  n o t  s p e c i f i e d  suppressed.  
I11 and t h e  remaining p a r t  of I V  have t o  be  s p e c i f i e d  i n  o rde r  
t o  be  produced. 

Each page i n  t h e  ou tpu t  c a r r i e s  t h e  job t i t l e  from t h e  t i t l e  
c a r d  and t h e  d a t e  of t h e  execut ion  of job. 

I Reproduction of i n p u t  d a t a .  2 pages. 

A f t e r  t i t l e  of job fo l lows  on page 1 room d a t a  w i th  d a t a  
names. Besides  t h e  t ime i n t e r v a l  DT = 0.5 (hour)  i s  w r i t t e n .  
DT i s  a  cons t an t  i n  t h e  programme. 

Af t e r  t h a t  fo l lows  a  l i s t  ou tpu t  of a l l  recorded " type  
c a r d s "  and of t h e  c a r d s  g iv ing  t i m e  series f o r  v e n t i l a t i o n  
and i n f i l t r a t i o n .  

On page 2 are w r i t t e n  o u t  f u l l  t ime series (48 half -hour  
v a l u e s )  from: 

AIRTEMP 1 d e s i r e d  room a i r  t empera ture .  
AIRTEMP 3 s p e c i f i e d  temperature  of ad jo in ing  room, and 
AIRTEMP 4 t h e  temperature  of t h e  v e n t i l a t i n g  a i r ,  i f  t h i s  

temperature  i s  recorded wi th  a  time series. 
I f  it is  de r ived  from t h e  o u t e r  a i r  temperature  
it w i l l  h e r e  be  zero  ( o r ,  by repea ted  c a l c u l a -  
t i o n s ,  a  va lue  wi thout  meaning), 

QMAX maximum a v a i l a b l e  h e a t i n g  e f f e c t  f o r  main ta in ing  
QMIN maximum a v a i l a b l e  cool ing  e f f e c t  AIRTEMP 1, 
FLUX 

)I 
specified h e a t  f lows,  however a t  l e a s t  FLUX l 0  
( h e a t  from e l e c t r i c  l i g h t i n g )  and FLUX 1. 

F u r t h e r  t h e  d a i l y  sums of t h e  i n d i v i d u a l  FLUXes a r e  w r i t t e n  
ou t ,  and t h e  d i s t r i b u t i o n  KONVection and RADIation, i .e .  
t o  room a i r  and t o  s u r f  aces ,  of W A X ,  Q M I N  and FLUXE. 

When by means of a  999-card a new c a l c u l a t i o n  fo l lows  a f t e r  
ending t h e  f i r s t  one, a g a i n  a l l  room d a t a  a r e  w r i t t e n  o u t  
on page 1, b u t  only  t h e  type  c a r d s  and t i m e  series which 
a r e  s p e c i f i e d f o r  t h i s  new c a l c u l a t i o n .  A l l  o t h e r  i n p u t s  
a r e  assumed unchanged from t h e  f i r s t  c a l c u l a t i o n .  
Page 2 is  w r i t t e n  i n  f u l l .  

NB. This  i s  n o t  r a t h e r  u s e f u l ,  as l i s t  ou tpu t  from t h e  
c a l c u l a t i o n s  cannot  be  s epa ra t ed  from each o t h e r  with- 
o u t  l oos ing  in format ion  of complete i n p u t  d a t a .  There- 
f o r e  an a l t e r a t i o n  i s  being planned i n  o rde r  t o  w r i t e  
a l l  i n p u t  d a t a  f o r  each  c a l c u l a t i o n .  



"Small" l i s t  ou tpu t .  

Per 2 4  hours  i s  p r i n t e d  o u t  one l i n e  wi th:  

MD Month. 
DG Day. 
RLT M Dai ly  mean of room a i r  t empera ture .  
KL Hour f o r  
RLTYAX Dai ly  maximum of room a i r  t empera ture .  
OP-T Dai ly  maximum (wi thout  i n d i c a t i o n  of t ime) of 

o p e r a t i v e  tem9erature  towards t h e  i nne r  w a l l s  of 
t h e  room, i f  OPERative i s  s p e c i f i e d .  

OPTX Dai ly  maximum of o p e r a t i v e  temperature  towards 
window w a l l  wi th  window n r .  X, i f  OPERative X i s  
s p e c i f i e d .  

UDT M Dai ly  mean of o u t e r  a i r  t empera ture .  
Q KOLE Dai ly  sum of cool ing .  I f  bo th  Q M I N  w i th  t i m e  

s e r i e s  ( f o r  maintenance of AIRTEMP 1) and Q M I N  NB 
( f o r  maintenance of t h e  temperature  NB OC) a r e  
s p e c i f i e d ,  t h e  d a i l y  sum i s  i n c o r r e c t  and i n v a l i d .  

Q VARM Dai ly  sum of h e a t  conveyed t o  t h e  room t o  mainta in  
AIRTEMP 1. 

Q PRIM Dai ly  sum of h e a t  conveyed t o  primary a i r .  
Q SOL Dai ly  sum of h e a t  from sun through window, o u t e r  

w a l l  and roof .  
WQ Number of hal f -hours  wi th  e i t h e r  coo l ing  t o  t h e  

temperature  NB OC, o r  e x t r a  v e n t i l a t i o n .  
E-L Number of hal f -hours  wi th  e lectr ic  l i g h t i n g .  
B-AX ( X = l  through 4 ) , number of h a l f  -hours wi th  movable 

shading dev ice  f o r  t h e  windows n r .  1-4 ,  if spe- 
c i f  i ed .  

I11 " B i g "  l i s t  ou tpu t .  

For each day s p e c i f i e d  wi th  "b ig"  l i s t  ou tpu t  one page wi th  
4 8  hal f -hour  va lues  from 0 . 3 0  t o  2 4 . 0 0  i s  w r i t t e n .  

RL-T Room a i r  temperature .  
OP-T Operat ive  temperature towards t h e  w a l l s  of t h e  room. 
OPTX Opera t ive  temperature  towards window wal l  w i t h  win- 

dow no. X ,  i f  OPERativ X i s  s p e c i f i e d .  I f  X i s  no t  
s p e c i f i e d  ( o r  X = O ) ,  t h e  cap t ion  w i l l  be OPTn, and t h e  
va lue  given w i l l  be t h e  o p e r a t i v e  temperature  towards 
a  double-pane without  any sun r a d i a t i o n  absorbed i n  
t h e  panes.  

UDLT Outer a i r  temperature .  
QWG Heating o r  cool ing e f f e c t  conveyed t o  t h e  room. I f  

w i th in  a  half -hour ,  coo l ing  e f f e c t  occurs  t o  both 
Q M I N  wi th  t i m e  s e r i e s  and t o  Q M I N  NB, only  t h e  l a s t  
coo l ing  e f f e c t ,  t o  t h e  temperature  NB, w i l l  be 
w r i t t e n  o u t .  

QPRIM Heating o r  cool ing e f f e c t  conveyed t o  t h e  v e n t i l a -  
t i o n  a i r .  

QTOT To ta l  hea t ing  e f f e c t .  
SOLIND Heat from sun r a d i a t i o n  through windows. 



W7Q I n d i c a t o r  = 1, i f  w i th in  t h e  half -hour  t h e r e  has  
been c o o l i n  t o  t h e  s p e c i f i e d  temperature  NB o r  9 e x t r a  v e n t i  a t i o n ,  o therwise  0 .  

E-L. I n d i c a t o r  = 1, i f  t h e  e l e c t r i c  l i g h t  has  been on. 
B-AX ( X = l - 4 ) ,  i n d i c a t o r  = 1, i f  movable shading dev ice  

has  been used a t  window X.  

IV Monthlv and y e a r l y  t a b l e s .  

2-6 pages a r e  w r i t t e n ,  dependent of t h e  s p e c i f i c a t i o n  of 
OPERa t i v e  . 
a .  Frequency of t h e  room a i r  temperature ,  a s  ha l f -hours ,  - 
d iv ided  i n t o  f u l l  deg ree  i n t e r v a l s  f o r  t h e  1 2  months of t h e  
year  and f o r  t h e  whole year .  A l l  48 ha l f -hours  of t h e  day 
a r e  included and temperatures  w i th in  t h e  i n t e r v a l  1 2 - 4 0 0 C ,  
and "below 1 2 O ~ "  and "above 400C". 

F u r t h e r  i s  w r i t t e n  o u t  monthly mean of t h e  room a i r  tempe- 
r a t u r e ,  and t h e  monthly sum o f :  

QQ- Cooling t o  t h e  room. 
QQ+ Heat t o  t h e  room. 
QPRIM Heat f o r  p rehea t ing  of t h e  v e n t i l a t i o n  a i r .  ( I f  

AIRTEMP4 i s  s p e c i f i e d  wi th  a  t ime s e r i e s ,  coo l ing  
of t h e  primary a i r  may occur  a t  h igh  o u t e r  a i r  tempe- 
r a t u r e s ,  reducing t h e  sum QPRIM. 

QTOT T o t a l  h e a t  e f f e c t  OPRIM + QQ+ . 
QSOL To ta l  sun r a d i a t i o n  through windows, w a l l s  and roof .  
QELYS To ta l  h e a t  from e l e c t r i c  l i g h t .  
WQ Number of ha l f -hours  e i t h e r  wi th  coo l ing  t o  t h e  tempe- 

r a t u r e  NB o r  wi th  e x t r a  v e n t i l a t i o n .  

Also t h e  corresponding y e a r l y  va lues  a r e  w r i t t e n  ou t ,  and a t  
l a s t  t h e  t o t a l  h e a t i n g  load f o r  t h e  months October - A p r i l  i n c l .  

b. Frequency o t  t h e  room a i r  temperature  du r ing  t h e  working 
hours ,  i .e .  du r ing  t h e  18 ha l f -hours  between 8.30 and 17.00, 
i f  no o t h e r  t ime i n t e r v a l  i s  s p e c i f i e d .  

Besides  a  f r a c t i l e  c a l c u l a t i o n  which i n  t h e  a r e a  12-40°c 
g i v e s  t h e  1 0 % ,  50% and 9 0 %  f r a c t i l e ,  i .e .  t h e  temperature  
under which t h i s  percen tage  of t h e  ha l f -hours  i s  s i t u a t e d .  

c .  Frequency of t h e  oy;erati:ve temperature  f o r  a11 ha l f -hours  - 
of t h e  day.  This  l i s t  ou tpu t  c  and d  i s  on ly  c a l c u l a t e d  i f  
OPERativ i s  s p e c i f i e d .  

d .  Frequency of t h e  o p e r a t i v e  temperature  dur ing  t h e  working 
hours .  
I n  a d d i t i o n  a  f r a c t i l e  c a l c u l a t i o n .  

e. Frequency of t h e  o p e r a t i v e  temperature  towards window - 
w a l l  du r ing  t h e  workina hours.  This  l i s t  ou tpu t  e and f  i s  
only c a l c u l a t e d  i f  OPERativ X i s  s p e c i f i e d ,  where X i s  t h e  
number of a  window s p e c i f i c a t i o n  ( X  = 1 - 1 0 ) .  
I n  a d d i t i o n  a  f r a c t i l e  c a l c u l a t i o n .  



f .  The d i f f e r e n c e  between t h e  o p e r a t i v e  temperature  towards - 
t h e  window w a l l  and towards t h e  w a l l s  of t h e  room dur ing  t h e  
working hours.  Given a s  a  freauency of ha l f -hours  i n  f u l l  
degree  i n t e r v a l s  i n  t h e  a r e a  -80C t o  20°C. 

I n  a d d i t i o n  a  f r a c t i l e  c a l c u l a t i o n .  



Inpu t  c a r d s  f o r  BA4 

The program o p e r a t e s  i n  t h e  SI-system of u n i t s .  Output i s  
g iven  i n  kWh o r  W .  

1. T i t l e  ca rd .  c o l .  1-72 job t i t l e .  Is reproduced on ou tpu t .  

Room d a t a .  A r b i t r a r y  success ion ,  

Col. 1-2: name, c o l .  3-12:value, w i th  decimal  p o i n t ,  

TU Heat t r a n s f e r  from i n s i d e  s u r f a c e  t o  o u t e r  a i r ,  f o r  
t h e  window from room a i r  t o  o u t e r  a i r .  
F?/OC. 

TK Heat t r a n s f e r  from i n s i d e  s u r f a c e  t o  ad jo in ing  room 
wi th  s p e c i f i e d  temperature  (AIRTEMP 3)  , e.g.  c o r r i d o r .  

TO Heat t r a n s f e r  from room a i r  t o  a l l  i n s i d e  s u r f a c e s .  

TA Heat t r a n s f e r  from i n s i d e  s u r f a c e s  t o  common accumu- 
l a t i n g  l a v e r  . 

S The h e a t  c a p a c i t y  of t h e  common accumulation l a y e r  of 
t h e  room. w ~ / O C .  

3. Blank ca rd .  Terminates room d a t a .  

4 .  Heat f lows,  a i r  change, window d a t a ,  ou tpu t  s p e c i f i c a t i o n s  
e t c .  A r b i t r a r y  success ion  and number. Two types  of c a r d s  

can be used: " type  c a r d s "  and "t ime s e r i e s " .  

Type cards :  - 
c o l  1-8 name (on ly  c o l  1-4  a r e  s i g n i f i c a n t ) .  . 
c o l  10-11 number N B ,  i n t e g e r  , u n i t s  i n  c o l  11. 
c o l  12-21 numerical  va lue  CK, wi th  decimal po in t .  
c o l  22-31 numerical  va lue  CR, wi th  decimal p o i n t .  

Time s e r i e s :  c o n s i s t  of two o r  more ca rds :  

c o l  1-5 hour and minute, wi th  decimal p o i n t .  
c o l  11-20 numerical  va lue ,  wi th  decimal  po in t .  

The f i r s t  c a r d  i n  a  t ime s e r i e s  s h a l l  have t h e  hour 0.00, 
t h e  l a s t  c a r d  24.00, and t h e  numerical  va lue  f o r  t h e  two 
c a r d s  must be  i d e n t i c a l .  Between them can be i n s e r t e d  c a r d s  
f o r  o t h e r  hours .  The half-hour va lues  f o r  t h e  c a l c u l a t i o n  
appear by l i n e a r  i n t e r p o l a t i o n  between t h e  given hours .  

General ly ,  i f  CK and C R  bo th  are e q u a l  t o  0 ,  t h e  type  c a r d  
must be  succeeded by a  t i m e  series. I f  CK o r  CR o r  bo th  
are d i f f e r e n t  from 0, no t ime s e r i e s  must fol low.  



Name NB 
AIRTEMP 1 Desired room a i r  temperature  maintained by 

h e a t i n g  o r  coo l ing ,  given a s  time s e r i e s .  
AIRTEMP 3 Temperature i n  ad jo in ing  room o r  c o r r i d o r ,  

given a s  t i m e  series. 
AIRTEMP 4 Temperature of t h e  primary a i r  t o  t h e  room, 

given a s  t i m e  series, 
o r  

AIRTEMP 4 CK CR 
Temperature of t h e  primary a i r  fo l lows  t h e  
o u t e r  a i r  temperature  wi th  
TOVT=CK, temperature  i n c r e a s e  on primary a i r  
from f a n  and d u c t s ,  and 
TMIT=CR, minimum accepted  primary a i r  temperature  
(maintained through p rehea t ing  i f  necessary)  . 

FLUX 1 thru 9Heat  f low t o  t h e  room, given a s  a t i m e  s e r i e s .  
( W )  . Up t o  n i n e  d i f f e r e n t  h e a t  f lows.  

FLUX 1 0  Heat f low t o  t h e  room from e l e c t r i c  i l l u m i n a t i o n ,  
operated on-off by t h e  l e v e l  of d a y l i g h t  from 
t h e  window. Given a s  a t i m e  s e r i e s .  

FLUX 1 t h r u  1 0  CK CR 
CK and/or CR d i f f e r e n t  from 0. 
CK i s  a f a c t o r  f o r  t h a t  p a r t  of t h e  h e a t  f low 
which i s  given o f f  convec t ive ly  d i r e c t  t o  t h e  
room a i r .  CR i s  a f a c t o r  f o r  t h a t  p a r t  which 
i s  r a d i a t e d  t o  t h e  s u r f a c e s  of t h e  room. 
I f  CK and C R  a r e  n o t  i nd i ca t ed  f o r  a FLUX it 
i s  assumed t h a t  t h e  whole h e a t  f low i s  r a d i a -  
t i o n  t o  t h e  s u r f a c e s  (CK=O.,  CR=1. ) . 

(ZMAx Maximum p o s s i b l e  h e a t i n g  e f f e c t  t o  t h e  room, 
a s  a t ime series, f o r  ob t a in ing  AIRTEMP 1. 

QMAX CK CR 
CK and/or CR no t  equa l  t o  0 .  F a c t o r s  f o r  con- 
v e c t i v e  and r a d i a t i v e  p a r t  of t h e  hea t ing  e f f e c t .  
I f  nothing i s  s p e c i f i e d ,  d e f a u l t  va lues  a r e  
C K = l . ,  C R = O . ,  i . e .  pure ly  convect ive .  

QMIN Maximum p o s s i b l e  c o o l i n g  e f f e c t  t o  t h e  room, 
a s  a t i m e  series, f o r  ob t a in ing  AIRTEMP 1. 
(Given wi th  minus s i g n ) .  

Q M I N  CK C R  
CK and/or CR d i f f e r e n t  from 0. A f a c t o r  f o r  
g iv ing  o f f  convect ion and r a d i a t i o n ,  analogous 
t o  QMAX. 

QMIN NB Cooling t o  t h e  temperature  NB. 
CK=CR=O o r  b lank.  This  typecard must be f o l -  
lowed by a t i m e  s e r i e s ,  t h e  c o n t e n t  of which i s  
without  importance,  i . e .  on ly  t h e  hours  0 . 0 0  
and 24.00 need t o  be i nd i ca t ed .  
This  cool ing  i s  c a l c u l a t e d  a f t e r  any hea t ing  
e f f e c t ,  t h e r e  a r e  no l i m i t s  of t h e  coo l ing  e f f e c t ,  
and it i s  e x c l u s i v e l y  conveyed t o  t h e  room a i r .  
I t  makes it p o s s i b l e  t o  s p e c i f y  a h igher  s e t -po in t  
f o r  room a i r  temperature  (NB)  by cool ing  than by 
hea t ing  (AIRTEMP 1) . 

OBS! MAXVENT and Q M I N  NB cannot be s p e c i f i e d  i n  t h e  same 
c a l c u l a t i o n .  



VENT NB Heat exchange by fo rced  v e n t i l a t i o n .  Is given 
asoa t ime s e r i e s .  The numerical  va lue  i s  i n  
W/ C ,  corresponding t o  t h e  a i r  change kg/sec 
multipligjc? by t h e  (mean) s p e c i f i c  h e a t  cf t h e  
a i r  J/kg C .  The v e n t i l a t i o n  i s  asswied t o  t a k e  
p l ace  w i t h  AIRTEMP 4 ,  which i s  given e i t h e r  as 
a  t ime s e r i e s ,  o r  fol lowing t h e  o u t e r  a i r  tem- 
p e r a t u r e  wi thout  o r  w i t h  a  p rehea t ing .  
VENT 0 (o r  b lank)  i s  v a l i d  a l l  t h e  year .  
VENT 1-10 i s  only v a l i d  f o r  a  per iod s p e c i f i e d  
by : 

VENT NB CK CR, 
where NB 9 0 ,  and CK and CR each have t h e  form 
of a  d a t e  (month.day) and i n d i c a t e s  t h e  f i r s t  
and t h e  l a s t  day i n  t h e  per iod wi th  VENT NB.  
OBS! Here t h e  success ion  i s  s i g n i f i c a n t ,  a s  
every new VENT f o r  a  given d a t e  s u b s t i t u t e s  t h e  
preceding,  e .g .  VENT 0. 

INFILT NB Heat exchange by n a t u r a l  a i r  change. Is given 
a s  a  t ime s e r i e s ,  analogous t o  VENT NB, only  
t h e  a i r  change t a k e s  p l a c e  w i th  o u t e r  a i r .  
( A t  t h e  moment it i s  n o t  taken i n t o  account  t h a t  
t h e  n a t u r a l  a i r  change i s  dependent of wind velo-  
c i t y  o r  temperature  d i f f e r e n c e s )  . 
I N F I L T  0  (o r  blank)  i s  v a l i d  a l l  t h e  yea r .  
I N F I L T  1-10 i s  on ly  v a l i d  f o r  a  per iod s p e c i f i e d  
wi th  : 

I N F I L T  NB CK CR, analogous t o  VENT. 

The fo l lowing  i n p u t  d a t a  a r e  only  given as type cards (name, 
NB, CK, CR)  , without  t ime s e r i e s .  
VINDUE NB CK CR 
(window) NB = l through 1 0 ,  up t o  1 0  window s p e c i f i c a t i o n s  

can be g iven ,  A "window" may c o n s i s t  of s e v e r a l ,  
; ingle  windows w i  h  t h e  same o r i e n t a t i o n .  f CK g l a s s  a r e a ,  m , t o t a l .  
CR window o r i e n t a t i o n ,  -18 0 0  t o  18Q0 ( ~ o u t h = O O ~  
East=-900). 
By t h e  c a l c u l a t i o n  of  t h e  sun r a d i a t i o n  t h e  win- 
dow i s  regarded a& double-glazed,  2 = 4  mm s h e e t  
g l a e s ,  c l e a r .  

HORISONT NB CK 
NB = 1 through 1 0 .  I n g i c a t e s  f o r  window NB t h e  
-1. t i tude of hor izon CK . The hor izon excludes  
by s o l a r  a l t i t u d e s  c CK t h e  d i r e c t  sun r ad i a -  
t i o n ,  bu t  n o t  t n c  d i f f u s e  sky o r  ground r e f l e c t -  
ed r a d i a t i o n .  

FORMAT R? CK CR 
Dimensions of ~ 3 6  s i n g l e  window. 
NB = 1 through 1 0 ,  i n d i c a t e s  window number. 
CK = h e i g h t  of g l a s s  f o r  one window. 
CR = width -f g l a s s  - - - 
FORMAT i s  t o  be bflcified if UDHAENG [projection) or  
RIBBE ( r i b )  are s p e c i f i e d .  "Window NB" may con- 
s is t  of s e v e r a l  i d e n t i c a l  i n d i v i d u a l  windows. 



UDHAENG NE CK CR 
Shading p r o j e c t i o n  over window NB.  Reduces 
d i r e c t  r a d i a t i o n  and d i f f u s e  r a d i a t i o n .  The 
canopy ex tends  very long t o  both s i d e s  of t h e  
window. 
CK he igh t  ( i n  meters )  of shading edge over 
t h e  upper-edge of t h e  window. 
CR p r o j e c t i o n  of shading edge i n  f r o n t  of g l a s s .  
(FORMAT f o r  t h e  window must be i n d i c a t e d ) .  

RIBBE NB CK CR 
Shading column, r i b  o r  w a l l  edge nex t  t o  win- 
dow NB on both sides. Reduces direct radiation only. 
CK d i s t a n c e  ( i n  meters )  of shading edge from 
t h e  n e a r e s t  g l a s s  edge. 
CR p r o j e c t i o n  of shading edge i n  f r o n t  of g l a s s .  
(FORPAT f o r  t h e  window must be  i n d i c a t e d ) .  

BEV.AFSK NB CK CR 
I n s e r t s  a sun shading dev ice  f o r  t h e  window NB, 
when t h e  mean r a d i a t i o n  on t h e  window pe r  m* i s  
exceeding a  l i m i t  va lue  CK. The h e a t  f low i s  
thereby  reduced by m u l t i p l i c a t i o n  wi th  t h e  f  ac- 
t o r  CR ( t h e  shading f a c t o r )  . 

FORDEL NB CK CR 
D i s t r i b u t e s  t h e  sun r a d i a t i o n  from window NB t o  
room a i r  and s u r f a c e s .  
CK i s  t h e  f r a c t i o n  of t h e  sun r a d i a t i o n  going 
t o  room a i r ,  when movable sun shading i s  no t  i n  
use ,  t h e  remaining p a r t  going t o  t h e  s u r f a c e s .  
CR i s  t h e  f r a c t i o n  t o  room a i r  when t h e  movable 
sun shading i s  i n  use .  
Defau l t  va lues  a r e  CK = 0.5, CR = 0.5. 

VAEG NB CK CR 
( w a l l )  Ca lcu l a t e s  t h e  h e a t  f low i n t o  t h e  room a r i s i n g  

from shortwave r a d i a t i o n  on o u t e r  w a l l .  The 
c a l c u l a t i o n  i s  s i m p l i f i e d ,  wi th  a  t i m e  d e l a y  and 
a  t ransmiss ion :  
aeCK*CR*mu , where 
a = 0.85 i s  t h e  abso rp t ion  c o e f f i c i e n t  f o r  t h e  

e x t e r i o r  of t h e  w a l l  
CK = U-value of t h e  w a l l  
mu = o u t s i d e  s u r f a c e  r e s i s t a n c e ,  0.05 m* OC/W 
C R  = a r e a  of t h e  w a l l  i n  m2.  
NB i n d i c a t e s  a  window number w i th  t h e  same o r i -  
e n t a t i o n  a s  t h e  wa l l .  Should t h e r e  be  no window 
wi th  t h i s  o r i e n t a t i o n ,  a  window wi th  t h e  a r e a  
CK = 0. must be s p e c i f i e d .  

TAG 
( r o o f )  

The t ime de. lay is obta ined  by assuming t h a t  20% 
of t h e  h e a t  i s  g e t t i n g  through du r ing  t h e  f i r s t  
hal f -hour ,  and t h a t  t h e r e a f t e r  t h e  h e a t  f low 
dec reases  exponen t i a l l y  w i th  20% pe r  half -hour .  
A l l  h e a t  i s  assumed supported t o  t h e  i n s i d e  sur-  
f a c e .  
CK C R  
C a l c u l a t e s  t h e  h e a t  f low i n t o  t h e  room a r i s i n g  
from sun on t h e  roof .  Analogous t o  VAEG. 
CK t h e  U-Qalue of t h e  .,roof. I ! ,  . . * .. 
CR t h e  a r e a  of t h e  ' roof.  , , .  . r 



B. ISOL CK 
Reduces t h e  h e a t  exchange TU w i t h  o u t e r  a i r  
through windows and o u t e r  w a l l s ,  e.g. c o r r e -  
sponding t o  i n s u l a t i o n  d r a p e r i e s  o r  p a n e l s  
c o v e r i n g  t h e  windows. 
CK r e d u c t i o n  f a c t o r  f o r  TU. 
The r e d u c t i o n  t a k e s  p l a c e  i n  t h e  n i g h t  a t  18-7 
d u r i n g  t h e  p e r i o d  2 8 t h  Oct .  t o  9 t h  A p r i l  
(day  no. 301 t o  d a y  no. 991, b u t  any o t h e r  
c o n d i t i o n s  may be i n s e r t e d  ( i n  M A I N )  , 

ELLYS CK 
( e l e c - l i g h t )  Conveys FLUX 10 t o  t h e  room i f  t h e  t o t a l  sun- 

l i g h t  th rough  a l l  windows i s  less t h a n  CK. 
MAX-VENT CK C R  

I n c r e a s e s  t h e  a i r  change i n  t h e  room ( e . g .  c o r -  
r e spond ing  t o  open ing  of window) i f  t h e  room 
a i r  t e m p e r a t u r e  exceeds  a  g i v e n  l i m i t  v a l u e .  
The i n c r e a s e  of t h e  a i r  change t a k e s  p l a c e  w i t h  
o u t e r  a i r .  The i n c r e a s e  t a k e s  p l a c e  o n l y  i f  t h e  
o u t e r  a i r  i s  c o l d e r  t h a n  t h e  room a i r ,  and o n l y  
t o  t h e  e x t e n t  which makes it n e c e s s a r y  i n  o r d e r  
t o  d e c r e a s e  t h e  room a i r  t e m p e r a t u r e  t o  t h e  
l i m i t  v a l u e .  
CK l i m i t  v a l u e  f o r  t h e  room a i r  t e m p e r a t u r e .  
CR t o t a l  a i r  change i n d i c a t e d  a s  h e a t  exchange 
i n  W/oC (ana logous  t o  VENT and INFILT) . 

OBS! MAX-VENT and Q M I N  NB may n o t  b e  s p e c i f i e d  a t  t h e  same 
t i m e .  

BA2 NB Cl? CR 
Causes t h e  c a l c u l a t i o n s  made f o r  q u a s i -  
s t a t i o n a r y  c o n d i t i o n s .  The T e s t  Reference  
Year i s  n o t  used ,  and o u t s i d e  a i r  tempera- 
t u r e  must be  s p e c i f i e d  w i t h  AIRTEMP 2 ,  see 
below. S u n r a d i a t i o n  i s  computed f o r  day CK 
(month .day) ,  w i t h  c l o u d  cover  NB ( i n  o k t a ' s )  
and f o r  l a t i t u d e  CR.  For  CR = 0  o r  b l a n k ,  
56 deg.  North i s  assumed. 
The c a l c u l a t i o n s  r u n  l 0  d a y s ,  f i r s t  and l a s t  
day b e i n g  p r i n t e d  o u t  w i t h  h a l f - h o u r l y  v a l u e s  
( "Big"  l i s t  o u t p u t )  and t h e  o t h e r s  w i t h  one 
l i n e  o n l y .  

AIRTEMP 2 O u t s i d e  a i r  t e m p e r a t u r e ,  a s  t i m e  serie,  l i k e  
AIRTEMP 1, 3 and 4 .  To be  used o n l y  a f t e r  
t h e  BA2 t y p e  c a r d .  

The f o l l o w i n g  i n p u t - d a t a  i n d i c a t e  t h e  wanted p r e s e n t a t i o n  o f  
o u t p u t .  I f  n o t h i n g  i s  s p e c i f i e d ,  t h e  f o l l o w i n g  i s  g i v e n :  

I A r e p r o d u c t i o n  of i n p u t - d a t a .  
C a l c u l a t e d  t i m e  series a t  0.30 t o  24.00 o f  AIRTEMP 1, 
3  and,  i f  s p e c i f i e d ,  4 ,  QMAX, Q M I N ,  and FLUXes. 

I1 "Smal l"  l i s t  o u t p u t ,  t h a t  i s  1 l i n e  p e r  day  w i t h  d i v e r s e  
t e m p e r a t u r e s ,  $ .a i ly  sums of  h e a t  f lows  and enumera t ions  . 

I V  The d i s t r i b u t i o n  of t h e  room a i r  t e m p e r a t u r e ,  monthly 



and f o r  t h e  whole yea r ,  a t  0-24,  8.30 - 17.00 (working 
hours)  and monthly and y e a r l y  sums of d i f f e r e n t  h e a t  
f lows.  

This  can be a l t e r e d  by: 

UDSKRIV CK C R  
CK = -1. o r  CR = -1. suppresses  "smal l "  l i s t  
ou tpu t ,  (Output 11) , 
CK og CR = month-day g i v e s  "b ig"  l i s t  ou tpu t  
f o r  t h e  d a t e ,  i . e .  f o r  every half -hour :  tempera- 
t u r e s ,  h e a t  f lows and c o n d i t i o n s  f o r  sun shading 
dev ice ,  e l e c t r i c  l i g h t i n g  e t c .  
Up t o  1 0  d a t e s  can be s p e c i f i e d  wi th  b i g  ou tpu t  
(CK o r  CR = -1 t a k e s  t h e  space f o r  one d a t e ) .  
A r b i t r a r y  success ion.  (Output 111). 

A - T I D  CK CR 
A l t e r s  t h e  " b u i l t - i n "  working hours  ( a s  i n d i c a t e d  
under ou tpu t  I V )  t o  t h e  t ime from CK t o  CR.  

OPERativ NB CK 
Leads t o  c a l c u l a t i o n  of o p e r a t i v e  temperature  
( a s  t h e  mean va lue  of a i r  temperature  and s u r f  ace  
temperature  of w a l l s ) .  Is w r i t t e n  o u t  monthly 
and f o r  t h e  whole year ,  l i k e  I V .  
For NB # 0 i s  a l s o  c a l c u l a t e d  t h e  o p e r a t i v e  t e m -  
p e r a t u r e  towards t h e  window w a l l  wi th  VINDUE N B ,  
by which i s  included t h a t  t h e  w a l l  occupies  t h e  
f r a c t i o n  CK of t h e  t o t a l  h a l f  room seen from t h e  
p l ace  i n  t h e  room from where t h e  o p e r a t i v e  tempe- 
r a t u r e  i s  wanted. 
The o p e r a t i v e  temperature i s  c a l c u l a t e d  f o r  t h e  
working hours ,  and s o  i s  t h e  d i f f e r e n c e  between 
o p e r a t i v e  temperature  towards t h e  window w a l l  
and towards t h e  i n s i d e  w a l l s  of t h e  room. 

A s p e c i a l  ca rd  t o  be used i n  connection wi th  t h e  Danish 
Reference Year only  i s :  
MODREF Causes d i r e c t  (beam) r a d i a t i o n  t o  be zeroed on 

c e r t a i n  days ,  because t h e  number of hours w i t h  
c l e a r  sun i s  too  l a r g e  i n  t h e  Danish Reference 
Year i n  t hose  months. The days a r e  January 1 2 ,  
1 4 ,  1 6 ,  17 ,  18,  March 18 ,  1 9 ,  A p r i l  1 7 ,  18 and 
December 1, 13,  1 4 ,  15 ,  2 0 .  No t i m e  s e r i e s  fo l lows .  

5. LASTFLUX-card ( c o l  1-8) i n d i c a t e s  t h a t  t h e  i n p u t  c a r d s  have 
ended, and t h e  c a l c u l a t i o n  may begin.  A f t e r  LASTFLUX s h a l l  be 
placed a  blank c a r d .  

6 .  Succeeding c a l c u l a t i o n s .  Are ob ta ined  by i n s e r t i n g  a  ca rd  999 
i n  c o l  1-3 a f t e r  LASTFLUX ins t ead  of a blank card .  
Af t e r  t h a t  new room d a t a  fol low.  Cards a r e  on ly  i n s e r t e d  f o r  
t h e  d a t a  which a r e  t o  be  changed a s  i nd i ca t ed  under 2 .  
Af t e r  t h a t  a blank ca rd  i s  i n s e r t e d  a s  i n d i c a t e d  under 3 .  
A f t e r  t h a t  new type  c a r d s  and any t ime s e r i e s  fo l low a s  i n d i -  
ca t ed  under 4 .  
Ending wi th  LASTFLUX and blank ca rd ,  o r  999-card i f  one more 
c a l c u l a t i o n  has  t o  be run.  
Genera l ly ,  by more c a l c u l a t i o n s  a f t e r  each o t h e r ,  t hose  d a t a  
which a r e  n o t  exp res s ly  a l t e r e d  a r e  c a r r i e d  unchanged t o  t h e  
nex t  c a l c u l a t i o n .  



M A I N ,  t h e  main programme 

The main programme c o n t a i n s  t h e  programme a d m i n i s t r a t i o n ,  
i n c l u d i n g  c a l l  of  most s u b r o u t i n e s ,  and t h e  c e n t r a l  p rocedure  
of c a l c u l a t i o n .  

The s u c c e s s i o n  is: 

I n i t i a l i z i n g ,  i .e .  r e c o r d i n g  o f  t i t l e  c a r d s ,  c a l l  of d a t e ,  
and z e r o i n g  of a l l  v a r i a b l e s ,  which a r e  n o t  zeroed f o r  e a c h  
day. T h i s  e s p e c i a l l y  goes  f o r  t h e  i n p u t  d a t a  r ecorded  through 
RUMDAT. Some d a t a  are g i v e n  a  v a l u e  d i f f e r e n t  from 0 ,  which 
a r e  t h e n  k e p t  i f  a n o t h e r  v a l u e  i s  n o t  r ecorded  i n  RIJMDAT. 

Recording th rough  RUMDAT (and E I N D  and SFLUX) of  i n p u t  d a t a .  

I n i t i a l i z i n g  of  d a t a  b e f o r e  s t a r t  o f  a  new c a l c u l a t i o n .  

C a l c u l a t i o n  of t h e  c o e f f i c i e n t s  A 1  and A2 f o r  t h e  t e m p e r a t u r e  
i n  t h e  h e a t  accumula t ing  l a y e r ,  

Recording of one day '  S wea the r  d a t a  from Reference  Year i n  
s u b r o u t i n e  DISKL ( o r  TAPL ) , c a l c u l a t i o n  f o r  t h e  day  of  t h e  
a n g l e s  of t h e  sun i n  SUNR, c a l c u l a t i o n  o f  sun r a d i a t i o n  th rough  
windows, w a l l s  and roof  i n  SOLIN, and i n t e r p o l a t i o n  t o  4 3  
h a l f - h o u r s '  v a l u e s  f o r  o u t e r  a i r  t e m p e r a t u r e  and v e n t i l a t i o n  
a i r ,  i f  any,  i n  INPOL. 

I n i t i a l i z i n g  of d a t a  f o r  t h e  d a y ,  code  f o r  v e n t i l a t i o n  and 
i n f i l t r a t i o n ,  t r a n s m i s s i o n  of  c a l c u l a t e d  v a l u e s  a t  24.00 t h e  
p r e d e d i n g  day  t o  0.00 f o r  t h e  day which i s  now c a l c u l a t e d .  

Output  of t a b l e  head ings  f o r  " b i g "  o u t p u t ,  i f  any. 

S t a r t  of ha l f -hours- loop.  

C a l c u l a t i o n  of a d d i t i o n a l  i n s u l a t i o n ,  i f  any,  d u r i n g  w i n t e r  
n i g h t s .  

C a l c u l a t i o n  of c o e f f i c i e n t s  B  and C f o r  s u r f a c e  t e m p e r a t u r e  
and room a i r  t empera tu re .  

Summing up of  s u n l i g h t  and of  t h e  t o t a l  h e a t  of  t h e  s u n ,  p e r  
h a l f  -hour.  

Swi tch ing  i n  e l e c t r i c  l i g h t , i f  any, a t  low l e v e l s  of s u n l i g h t .  

C a l c u l a t i o n  o f  t e m p e r a t u r e s  w i t h o u t  c o o l i n g  o r  h e a t i n g  e f f e c t .  

C a l c u l a t i o n  of  n e c e s s a r y  c o o l i n g  o r  h e a t i n g  l o a d s  t o  m a i n t a i n  
t h e  d e s i r e d  room a i r  t e m p e r a t u r e  AIRTEMP 1. 

C a l c u l a t i o n  o f  new t e m p e r a t u r e s  w i t h  t h e  a v a i l a b l e  c o o l i n g  or  
h e a t i n g  e f f e c t .  

C a l c u l a t i o n  of  e x t r a  c o o l i n g  l o a d s ,  i f  any, f o r  maintenance  o f  
t h e  room a i r  temper .a ture  NB. 

C a l c u l a t i o n  of new t e m p e r a t u r e s  w i t h  t h e  l a t e s t  c a l c u l a t e d ,  
e x t r a  c o o l i n g  e f f e c t .  

Switching i n  e x t r a  v e n t i l a t i o n  i f  t h e  room a i r  t e m p e r a t u r e  i s  
above t h e  wanted maximum, and i f  t h e  o u t e r  a i r  o r  v e n t i l a t i o n  
a i r  is  c o o l e r ,  and i f  e x t r a  v e n t i l a t i o n  i s  s p e c i f i e d  and i s  
h i g h e r  than  t h e  a c t u a l l y  used  v e n t i l a t i o n  f o r  t h e  h a l f - h o u r .  



Calcu la t ion  of new temperatures  wi th  t h e  e x t r a  a i r  change, 
and t h e  t ime ( H  f r a c t i o n  of t h e  half -hour)  i n  which s h a l l  be 
e x t r a  v e n t i l a t e d  t o  keep t h e  temperature  below t h e  s p e c i f i e d  
maximum. ( P r i n t o u t  of t h i s  t ime i s  a t  p r e s e n t  o m i t t e d ) .  

Ca lcu l a t i on  of t h e  i n s i d e ,  apparen t  r a d i a t i o n  temperature  of 
t h e  window, (Th i s  c a l c u l a t i o n  of which p a r t  of it is  placed 
i n  SOLIN, i s  u n c e r t a i n ,  a s  it i s  n o t  c l e a r  what reasonably  
s h a l l  be included.  Here it i s  assumed t h a t  t h e  measuring 
a r e a  f o r  t h e  r a d i a t i o n  temperature  of t h e  window does not  
r e c e i v e  d i r e c t  s u n r a d i a t i o n ) .  
Ca lcu l a t i on  of o p e r a t i v e  temperature  towards t h e  w a l l s  of 
t h e  room, and towards window wa l l ,  of which a p a r t  i s  opaque. 

Enumeration of number of hal f -hours  wi th  e x t r a  cool ing ,  e x t r a  
a i r  change, e l e c t r i c  l i g h t i n g ,  o r  wi th  movable sun shading 
dev ice  f o r  window 1 t h r u  4 .  

"Big" l i s t  ou tpu t ,  i f  s p e c i f i e d ,  one l i n e  w i th  half -hour  
va lues  p r i n t e d .  

End of half-hour-loop.  

P r i n t  o u t  of t a b l e  heading f o r  "smal l"  ou tpu t ,  a f t e r  change of 
page i n  ou tpu t .  

D i s t r i b u t i o n  and enumeration f o r  monthly and y e a r l y  t a b l e s ,  
inc lud ing  c a l l  of ADM 2 .  

Printout of l i n e  w i th  "small"  ou tpu t ,  d a i l y  va lues ,  i f  t h i s  
ou tpu t  i s  n o t  suppressed.  

I f  t h e  d a t e  i s  n o t  3 1 s t  December, r e t u r n  t o  D I S K L  t o  g e t  
weather d a t a  f o r  t h e  nex t  day, e t c ,  

I f  t h e  day i s  3 1 s t  December, c a l l  sub rou t ine  UDSKR f o r  ou tpu t  
of monthly and y e a r l y  t a b l e s ,  f r a c t i l e  c a l c u l a t i o n s ,  e t c .  

Reading of a  new c a r d .  I f  it i s  a  999-card, r e t u r n  t o  c a l l  
of RUMDAT and new c a l c u l a t i o n ,  o therwise  c a l c u l a t i o n s  a r e  
stopped here .  
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Algorithms used in BA4, MAIN 

The main program MAIN as a steering program contains calls for 
most of the subroutines. Besides, in MAIN is placed the central 
calculation procedure which every half-hour calculates tempera- 
tures, heating and cooling effects, or,if specified, increase of 
ventilation and electric lighting. 

1. Formulae: 

Heat accumulating layers, the temperature of the Nth half- 
hour, N = 1 to 48: 

Surface temperature: 

Room air temperature: 

THR(N) = Cl*THO(N) + C2*TEXI(4,N) + C3*QK(N) 
where 

TEXI(2,N) outer air temperature 
TEXI (3,N) (specified) temperature of adjoining room 
TEXI(4,N) temperature of ventilation air 
QK (NI heat conveyed to room air 
QR(N) heat conveyed to surfaces (radiation) 

The single items can be split, e.g. if there are more than 
one quantity of ventilation air, with different temperatures. 

2 .  Coefficients for calculation of temperatures: Accumulating 
layers: 

Here the half-hour cycle starts. 

Intermediate values: 

Total instantaneous air change. 

VTSUM = VENT (N) + INFL (N) 
VTO = 1 + VTSUM/TO 

3. Coefficients for calculation of temperature of surfaces: 

B5 = l/((TA + TK + TU)*VTO + VTSUM) 
B4 = B5-VENT (N) 
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(The corresponding value for infiltration is integrated in 
the expression, B59 INFL (N) ) . 

(B1 = B6.TAI B2 = BG-TK, B3 = BGeTU are integrated in the ex- 
pressions) . 
Auxiliary values: 

4. Coefficients for calculation of room air temperature: 

C1 = l/VTO 
C3 = l/(TO + VTSUM) 
RC3 = 1/C3 

(C2 = 1-Cl is integrated in the expression). 

5. Calculation of new temperatures and heating or cooling. 

Temperature of accumulating layers: 

THA(J) = THA(J-1) *A1 + THO(J-1) -A2 
where J = 2 to 49. 

Preliminarily calculated surface temperature: 

THOJ = THA(J) .B1 + TEXI (2, J-1) *B3 
+ TEXI (3, J-1) .B2 + TEXI (4, J-1) *B4 
+ TEXI(2,J-1) *BSaINFL(J-1) 
+ QK(J-1) *B5 + QR(J-1) *B6 

First step of calculation of air temperature: 

TBAS = TEXI(2,J-1) -C3*INFL(J-1) 
+ TEXI (4, J-1) *C3-VENT (J-1) 
+ QK (J-1) .Cl/TO 

Preliminarily calculated air temperature, without regulation 
(heating or cooling) : 

TBAS + THOJmC1 

Desired change of temperature by regulation: 

TREG = TEXI(1,J-1) - TBAS - THOJoC1 
To this corresponds a temporarily calculated regulating 
effect to the room air: 

QREG = TREGaTO/C1 

Total regulating effect: QQ(J) = QREG/CKK. 
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New calculation in which is considered the influence of the 
regulating effect on the surface temperature, and thereby 
back on air temperature and TREG: 

QREG = QREG/(l + (B6*CRR/CKK + B5)9TO), 
where CRR and CKK are the fractions of the regulating effect 
delivered by radiation and by convection. (CRR + CKK = 1). 

If QREG exceeds the part of the available heating and cooling 
effect delivered by convection, the convectively available 
effect is used in calculation instead. 

Final surface temperature with regulating effect: 

THO(J) = THOJ + QQ(J) * (CRRwB6 + CKKgB5) 

Final air temperature with regulating effect: 

THR(J) = TBAS + THO(J)*Cl + QQ(J)-CKKeCK/TO 

6. Limitation of temperature by cooling of room air. 

Desired change of air temperature to TLIM: 

TREG = TLIM - THR(J) 
Necessary cooling effect (convective only): 

QLIM = TREGeTO/(C1 + B5-TO) (QLIM negative) 

New surface temperature: 

THO (J) = THO (J) + QLIMeB5 

New room air temperature: 

THR(J) = THR(J) + QLIM* (C3 + B5eCl) 

7. Limitation of temperature by increased air change. 
With outer air (NVU=2) or ventilation air (NVU=4). 
Increased air change only if TEXI (NVU,J-1) THR(J). 
VW maximum air change, W N  increase from normal air change 
by ventilation 

New air temperature: 

THRl = THR(J)/C3 + TEXI(NVU,J-1) * WN/(WN + 1/C3) 

If THRl is lower than the desired maximum temperature TVMAX, 
T W  is reduced proportionally: 
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and new THR(J) is set equal to TVMAX. 

After that new VTSUM, VTO, B 5 ,  136, THO(J) are calculated. 

8. The heating load for heating the primary air excl. the over- 
temperature TOVT arising from fan and ducts, in each time in- 
terval: 

QPRIM = (TEXI(4,J-1) - TEXI(2,J-1) - TOVT).VENT(J-1) 
9. Calculation of the radiant temperature of the inside of 

the window. TVIN(J) is calculated in SOLIN as the tempera- 
ture increase of the window caused by absorbed solar ra- 
diation: 

TVINJ = TVIN(J) +(THR(J) +THO(J)) '0.625/2.+TEX1(2,~-1) 4.375 

This expression is valid only for an ordinary double glass 
or thermopane. 

Calculation of the indoor mean temperature of window and 
exterior wall. The wall occupies the fraction PRON of the 
half sphere visible from that position in the room where the 
directional operative temperature is wanted: 

TVIN(J) = TVINJ' (1.-PRON) + THO(J) -PRON 



Blank COMMON MAIN, UDSKR, INPOL, RUMDAT, SFLUX 

TEKST (18)  Job  t i t l e ,  0-72 c h a r a c t e r s  
(=Z (18)  i n  UDSKR, RUMDAT and SFLUX, =T(18)  i n  INPOL) 

Ql! (50)  R e g u l a t i n g  e f f e c t .  Half -hour v a l u e s  

OK ( 5 0 )  T o t a l  e f f e c t  t o  room a i r  - - 
9 R  (50)  T o t a l  e f f e c t  t o  s u r f a c e s  - - 
QMAX (50)  Maximum h e a t i n g  e f f e c t  - - 
Q M I N  ( 5 0 )  Maximum c o o l i n g  e f f e c t  - - 
TEXI (4 ,50 )  Four a i r  t e m p e r a t u r e s  - - 

1 Des i red  room a i r  temp. 
2 Oute r  a i r  temp. 
3 A i r  temp. i n  ad j o i n i n g  room 
4 V e n t i l a t i o n  a i r  temp. 

INFL (12 ,50)  N a t u r a l  a i r  change 
1 2  d i f f e r e n t  ones  

VENT (12,50) A i r  change by v e n t i l a t i o n  - - 
COK (10)  F r a c t i o n  of FLUX (1-10) 

s u p p l i e d  c o n v e c t i v e l y  

COR (10)  F r a c t i o n  of  FLUX (1-10) 
s u p p l i e d  by r a d i a t i o n  

QLYS (10)  Heat from elec. l i g h t .  Half-hour v a l u e s  

To b e  r e a d  or  
c a l c u l a t e d  i n  

1 M A I N  

RUMDAT 
- 

- 
INPOL 
RUMDAT 

RUMDAT or I INPOL 

To b e  used i n  

M A I N ,  UDSKR, SFLUX 

MAIN 
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MAIN v a r i a b l e s  

Ar rays  

ELM (3) 

IINF (366) 

IVEN (366) 

NBQ ( 4 )  

QELT (50)  

QKK (50)  

QRR (50)  

QP ( 5 0 )  

QQTT ( 1 2 )  

V a r i a b l e s  

AKL 

AT2 

AXDAG 

ELM( 1) and ELM(3) a r e  n o t  used .  
ELM(2) l i m i t  v a l u e  f o r  s w i t c h i n g  on or  o f f  of 
e l e c t r i c  l i g h t .  

Code 1-12, t i m e - s e r i e s  number f o r  i n f i l t r a t i o n  
t o  b e  used f o r  each  d a y  d u r i n g  t h e  y e a r .  

Code 1-12, time-series number f o r  v e n t i l a t i o n  
t o  b e  used f o r  each day  d u r i n g  t h e  y e a r .  

Number of h a l f - h o u r s  d u r i n g  t h e  day ,  where 
movable sun shad ing  d e v i c e  h a s  been used f o r  
window 1 - 4 .  

Da tes ,  and month, f o r  which " b i g "  o u t p u t ,  w i t h  
ha l f -hour  v a l u e s ,  i s  wanted. 

E f f e c t  o f  e l e c t r i c  l i g h t i n g ,  when t u r n e d  on. 
Recorded a s  FLUX 10. 

T o t a l  e f f e c t  t o  room a i r ,  r e c o r d e d  th rough  
RUMDAT, i .e .  e x c l u s i v e  e l e c t r i c  l i g h t i n g  and 
s o l a r  r a d i a t i o n .  

The same t o  s u r f a c e s .  

Heat  conveyed t o  pr imary  a i r  f o r  maintenance  of  
s p e c i f i e d  minimum e n t r y  t e m p e r a t u r e ,  TMIT. 

Summation t o  d i v e r s e  d a i l y  sums. 
QQTT(1) and ( 2 )  a r e  n o t  used .  

3 c o o l i n g  load 
4 h e a t i n g  load i n  t h e  room 
5  h e a t i n g  load i n  pr imary  a i r  
6 t o t a l  h e a t i n g  l o a d  (4+5) 
7 sun r a d i a t i o n  
8 h e a t  from e l e c t r i c  l i g h t i n g  
9-12 n o t  used  

T o t a l  h e a t i n g  load  t o  t h e  room and t o  pr imary  
a i r ,  h a l f  -hour v a l u e s .  

Hour f o r  maximum room a i r  t empera tu re .  

Summation f o r  c a l c u l a t i o n  of d a i l y  mean tempera- 
t u r e  of  o u t e r  a i r .  

Maximum room a i r  t e m p e r a t u r e  o f  t h e  day.  

C o e f f i c i e n t s  f o r  c a l c u l a t i n g  t h e  t e m p e r a t u r e  of 
accumula t ing  l a y e r .  A 1  + A2 = 1. 



M A I N  v a r i a b l e s  

CAR cm 1 
C I R  ,IK l 
CRR '"" 1 
C3 

DELT 

DELTA 

DNT 

DT 

MDG 

MW 

NAT 

NAP 
( =  

NOP 

NDAG 

ND 1 

C o e f f i c i e n t s  f o r  c a l c u l a t i n g  t h e  sur f  ace  
temperatures .  

F r a c t i o n  of hea t ing  e f f e c t  suppl ied  t o  room a i r  
and t o  s u r f a c e s .  CAK 4- CAR = 1. 

F r a c t i o n  of coo l ing  e f f e c t  suppl ied  t o  room a i r  
and t o  s u r f a c e s .  C I K  + C I R  = 1 

= C M ,  CAR o r  C I K ,  C I R ,  depending on whether 
hea t ing  o r  coo l ing  i s  needed. 

C o e f f i c i e n t s  f o r  c a l c u l a t i n g  t h e  room a i r  
temperature .  

T o t a l  t i m e  d u r i n g  t h e  2 4  hours  wi th  max. a i r  
change, hours .  ( A t  p r e s e n t  no t  p r i n t e d )  . 
T o t a l  t i m e  d u r i n g  a  half -hour  wi th  max. a i r  
change, hours .  

= 48, number of ha l f -hours  du r ing  t h e  day. 

= 0.5, t i m e  i n t e r v a l ,  n o t  used. 

Index i n  DO-loops. 

Day, month, yea r  f o r  t h e  job execut ion.  
(from NEUCC l i b r a r y  rout i rSe) .  

Not used. 

Is used t o  d i s t i n g u i s h  between f u l l - h o u r s  and 
ha l f -hours  by ou tpu t  wi th  half -hour  v a l u e s  f o r  
24 hours .  

Index i n  DO-loop. 

Recorded a s  i n d i c a t o r  f o r  continued c a l c u l a t i o n  
( f o r  MM=999). 

Day-number (101-1231) f o r  "b ig"  ou tpu t ,  

I n d i c a t o r  f o r  half-hour w i th  e l e c t r i c  l i g h t i n g  
o r  e x t r a  c o o l i n g  o r  e x t r a  v e n t i l a t i o n .  

Beginning and end of working hours ,  g iven a s  
half -hour  number + l. 
I n d i c a t o r  f o r  number of s t a t i s t i c  ou tpu t s .  
-1 room a i r  temperature  on ly  

0 b e s i d e s  o p e r a t i v e  temperature  
1 , 2  -- b e s i d e s  o p e r a t i v e  temp. towards window n0 .1~2- -  

Not used. 

Not used. 

NDG Day of month, read  i n  DISKL. 

NMD Month , - 
NDN Number of day  of t h e  year ,  1-365, c a l c u l a t e d  i n  

SUNR 

NDT = DNT = 48 ha l f -hours  pe r  day. 
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NEL 

NFLU 

NMM 

N I N F  

NNW 

NOP 

NOVSK 

NRV NR1 l 
NUDS 

NVEN 

N V I N  

NV=NVIN 

NW 

P  RON 

QELK 

QELR 

QLIM 

QPRIM 

QREG 

QRMA 

QRMI 

RE3 5 

RC 3 

SLIM 

SOLLYS 

Number of h a l f - h o u r s  d u r i n g  24 hours  w i t h  e l e c -  
t r i c  l i g h t i n g .  

Number of  r ecorded  f l u x e s ,  1-9 ( e x c l .  e l e c t r i c  
l i g h t i n g ,  FLUX 1 0 ) .  

I n d i c a t o r ,  0 g i v e s  " s m a l l "  o u t p u t  (one  l i n e  a  
d a y ) ,  -I s u p p r e s s e s  t h e  " s m a l l "  o u t p u t .  

Not used i n  M A I N .  

I n d i c a t o r ,  1 g i v e s  " b i g "  o u t p u t ,  0  d o e s  n o t .  

= NAP 

I n d i c a t o r  f o r  change of page t o  " s m a l l "  o u t p u t .  

Code 1-12, i n d i c a t i n g  which time-series f o r  i n -  
f i l t r a t i o n  o r  v e n t i l a t i o n  should  be  used f o r  t h e  
d a y ,  which i s  be ing  c a l c u l a t e d .  

Number of days  w i t h  " b i g "  o u t p u t ,  max. 1 0 .  

Not used i n  M A I N .  

Number of window s p e c i f i c a t i o n s ,  1-10, 

b u t  max. 4 ,  f o r  o u t p u t  o f  s t a t u s  of movable sun 
s h a d i n g  d e v i c e .  

Number of h a l f - h o u r s  w i t h  e x t r a  c o o l i n g  o r  e x t r a  
v e n t i l a t i o n .  

= 2, i f  e x t r a  v e n t i l a t i o n  w i t h  o u t e r  a i r ,  
= 4, i f  e x t r a  v e n t i l a t i o n  w i t h  v e n t i l a t i o n  a i r .  
N M ( N W )  i s  n e x t  day w i t h  " b i g "  o u t p u t .  

F r a c t i o n  of  t h e  h a l f  s p h e r e  towards  t h e  window 
w a l l  occupied by w a l l .  Used by c a l c u l a t i o n  of  
o p e r a t i v e  t e m p e r a t u r e  towards  window w a l l .  

Heat  from e l e c t r i c  l i g h t i n g  d e l i v e r e d  by convec t ion .  

The same, d e l i v e r e d  by r a d i a t i o n .  

Cool ing  load  by e x t r a  c o o l i n g  of  t h e  room a i r .  

Heat ing  l o a d  t o  pr imary  a i r .  

Coo l ing  o r  h e a t i n g  l o a d ,  c o n v e c t i v e  s h a r e  t o  room a i r  

G r e a t e s t  a v a i l a b l e  h e a t i n g  e f f e c t ,  c o n v e c t i v e  
s h a r e  t o  room a i r .  

G r e a t e s t  a v a i l a b l e  c o o l i n g  e f f e c t ,  c o n v e c t i v e  
s h a r e  t o  room a i r .  

Not used.  

T o t a l  h e a t  of t h e  sun th rough  windows, a l s o  used 
f o r  s w i t c h i n g  on/off  e l e c t r i c  l i g h t .  

S p e c i f i e d  room d a t a ,  t h e  h e a t  c a p a c i t y  of t h e  room. 
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M A I N  v a r i a b l e s  

SUMTHR Summing up for c a l c u l a t i o n  of t h e  mean room a i r  
t e m p e r a t u r e  r ~ l r  t ~ l c ?  d a y .  

Specified room ua t a ,  h e a t  t r a n s f e r  f a c t o r s .  TA, TK, TO, TR 

TU = TR, o r  TU=Tf?.TUU by window n i g h t - i n s u l a t i o n ,  
i f  any. 

Reduct ion  of t o t a l  h e a t  t r a n s f e r  t o  o u t e r  a i r  
( e x c l .  a i r  change) by window n i g h t - i n s u l a t i o n ,  

TAKU 

TBAS I n t e r m e d i a t e  r e s u l t  f o r  c a l c u l a t i o n  of  room a i r  
t e m p e r a t u r e  . 
I n t e r m e d i a t e  r e s u l t  f o r  c a l c u l a t i o n  of  s u r f a c e  
temper a t u r e  . 

THOJ 

Highes t  o p e r a t i v e  t empera tu re  of  t h e  day towards  
w a l l s .  

THOO 

THOl I n  ha l f -hour - loop :  s u r t a c e  tempera ture .  
A f t e r  CALL ADM2 : h i g h e s t  o p e r a t i v e  t e m p e r a t u r e  
of t h e  d a y  towards window w a l l .  

THRl 

TLIM 

Room a i r  t e m p e r a t u r e .  

H i g h e s t  a c c e p t e d  room alr t empera tu re .  Above 
t h i s  e x t r a  c o o l i n g  i s  d e l i v e r e d .  Specified v a l u e .  

Lowest a l l o w a b l e  i n j e c t i o n ' t e m p e r a t u r e  f o r  p r i -  
mary a i r .  Beneath t h i s  t e m p e r a t u r e  i s  p r e h e a t e d .  
Specified v a l u e .  

TMI T 

Outer  a i r  t e m p e r a t u r e  a t  24.00 t r a n s f e r r e d  t o  t h e  
f o l l o w i n g  d a y  a t  0.00 f o r  i n t e r p o l a t i o n  of t h e  
t e m p e r a t u r e  a t  0.30. 

TNUL 

Temperature i n c r e a s e  of pr imary  a i r  ( o u t e r  a i r )  
i n  f a n  and ductwork.  Spec i f ied  v a l u e .  

TOVT 

I n t e r m e d i a t e  r e s u l t ,  d e s i r e d  change of room a i r  
t e m p e r a t u r e  by h e a t i n g  o r  c o o l i n g  e f f e c t .  

TRE G 

D a i l y  mean room a i r  t empera tu re .  TTM 

TVIN J I n t e r m e d i a t e  r e s u l t ,  t h e  a p p a r e n t  i n s i d e  tempera- 
t u r e  of  t h e  window. 

H i g h e s t  a c c e p t e d  room a i r  t e m p e r a t u r e ,  Above t h i s  
e x t r a  a i r - change  i s  i n c l u d e d ,  i f  a v a i l a b l e .  

TVMAX 

The f r a c t i o n  of  t h e  ha l f -hour  w i t h  max. a i r  change 
f o r  maintenance  of TVMAX. 

VAB S 

VTO 

A b s o l u t e  v a l u e  of VVN. 

I n t e r m e d i a t e  r e s u l t  f o r  c a l c u l a t i o n  o f  t h e  c o e f f i -  
c i e n t s  B4 ,  B5,  B6, C 1  and C 3 .  

T o t a l  a i r  change by v e n t i l a t i o n  and i n f i l t r a t i o n .  VTSUM 

m The d i f f e r e n c e  between t:he normal a i r  change and 
t h e  max. p o s s i b l e  a i r  change ( f o r  maintenance of  
TVMAX) . 
Maximum p o s s i b l e  a i r  change f o r  maintenance  of  TVMAX. 
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RUMDAT 

S u b r o u t i n e  RUMDAT 

T h i s  s u b r o u t i n e  a d m i n i s t r a t e s  t h e  r e c o r d i n g  of  a l l  d a t a  concer -  
n i n g  t h e  room, v e n t i l a t i o n ,  h e a t  s o u r c e s ,  movable sun s h a d i n g  
d e v i c e s  and d e s i r e d  shape  of o u t p u t .  

The s u b r o u t i n e  is  c a l l e d  ones  f o r  e v e r y  c a l c u l a t i o n  from M A I N .  
I n  i t s  p r e s e n t  form it is  v e r y  confused .  

B e s i d e s  r e c o r d i n g  of d a t a  from t y p e  c a r d s  t h e  s u b r o u t i n e  con- 
t r o l s  c a l l  of t h e  s u b r o u t i n e  EIND which r e c o r d s  time-series. 
(About t y p e  c a r d s  and time-series, see " I n p u t  D a t a " ) .  

Fur thermore  i s  c a r r i e d  o u t  f o r  e v e r y  h a l f - h o u r  a  summing up  
of h e a t  f l o w s  (FLUXE) and a  c a l c u l a t i o n  of  t o t a l  h e a t i n g  and 
c o o l i n g  e f f e c t  a v a i l a b l e  f o r  t h e  room. 

A t  l a s t  t h o s e  d a t e s ,  f o r  which " b i g "  o u t p u t  i s  wanted, a r e  
a r r a n g e d  i n  t r u e  s e q u e n t i a l  o r d e r .  

From RUMDAT t h e  s u b r o u t i n e  SFLUX i s  c a l l e d ,  which w r i t e s  o u t  
time-series of  maximum h e a t i n g  and c o o l i n g  e f f e c t  and recorded  
h e a t  f lows .  

Argument l i s t :  TA, TU, TO, TK, STI ELM, TLIM, SLIM, TVMAX, 

W, NATI, NAT, CAK, CAR, C I K ,  C I R ,  TOVT, TMIT, NFLU, 

NUDS, NM, IVEN, IINF, NOP, PRON, N V I N ,  T U U ,  

same names a s  i n  M A I N .  

COMMON/blank/ and /SR/, Z -TEKST i n  M A I N ,  t h e  remaining 

names a r e  t h e  same. 

Ar ravs  

E ( 1 , 5 0 )  A u x i l i a r y  a r r a y  f o r  u s e  w i t h  s u b r o u t i n e  EIND. 

ELM ( 3 )  ELM(1) and ( 3 )  a r e  n o t  used .  
ELM(2) l i m i t  v a l u e  f o r  t u r n i n g  on e l e c t r i c  
l i g h t i n g .  

EX1  ( 1 0 , 5 0 )  Ten recorded  f l u x e s ,  h a l f - h o u r  v a l u e s .  

IINF (366)  Code 1 - 1 2 ,  time-series, number f o r  i n f i l t r a t i o n  
t o  b e  used f o r  each dav d u r i n g  t h e  y e a r .  

IVEN (366)  The same f o r  v e n t i l a t i o n .  

MD (12)  Number of d a y s  b e f o r e  t h e  f i r s t  day  i n  each  month. 

ND (10)  Not used .  

NM (10)  Number of day  (101-1231),  where " b i g "  o u t p u t  i s  
wanted. 

QMAS ( 5 0 )  G r e a t e s t  a v a i l a b l e  h e a t i n g  e f f e c t .  

QMIS ( 5 0 )  G r e a t e s t  a v a i l a b l e  c o o l i n g  e f f e c t .  
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Var i ab l e s  

A cumber of (3 -cha rac t e r s )  v a r i a b l e  names correspond t o  4-charac- 
ter s t r i n g s  (A-spec i f i ca t ion )  f o r  i d e n t i f i c a t i o n  of i n p u t  d a t a :  

A I R  

ALA 

AT1 

BEV 

BIS 

ELL 

FOR 

FLU 

HOR 

I N F  

AIRTemp 

LASTf lux  

A-TId 

BEV.afsk 

B.1Solering 

ELLYs 

FORMat 

FORDel 

FLUX 

HORIsont 

I N F I l t r  

A i r  temperature ,  1, 3 o r  4 .  

NO more d a t a ,  s t a r t  c a l c u l a t i o n .  

Working hours .  

Movable sun shading dev ice .  

Movable i n s u l a t i o n  a t  windows. 

E l e c t r i c  i l l u m i n a t i o n .  

Window h e i g h t  and width.  

F r a c t i o n  of s o l a r  h e a t  t o  room a i r .  

Heat f lows 1 - 1 0 .  

Angle ( a l t i t u d e  f o r  demarcation of hor izon) .  

Natura l  a i r -change,  i n f i l t r a t i o n .  

OPE OPERativ Ca lcu la t i on  of c p e r a t i v e  temperature  wanted. 

R I B  

QMA 

Q P l I  

TAG 

VAE 

VEN 

VMA 

VND 

UD H 

UDS 

RIBBe 

OMAX 

O M I N  

TAG 

VAE G 

VENT 

MAX-vent 

VINDue 

UDHAeng 

UDSKriv 

Shading e f f e c t  from v e r t i c a l  r i b  o r  column. 

G r e a t e s t  a v a i l a b l e  h e a t i n g  e f f e c t .  

G r e a t e s t  a v a i l a b l e  c o o l i n g  e f f e c t .  

S o l a r  h e a t  through ( f l a t )  r o o f .  

S o l a r  h e a t  through wa l l .  

V e n t i l a t i o n .  

Ex t r a  v e n t i l a t i o n  a t  h igh  temperatures .  

Window, a r e a  and o r i e n t a t i o n .  

Shading e f f e c t  of p r o j e c t i o n  over  window. 

Cont ro l  of ou tpu t .  

A number of v a r i a b l e  names correspond t o  2-character  s t r i n g s  
f o r  i d e n t i f i c a t i o n  of room d a t a :  

T2 TU Room d a t a ,  s e e  d e s c r i p t i o n  p. 9 o r  31 

T3 T K  - - - - 
I 

T4 TO - - - - 
I 

T5 TA - - - 
I 

TS S - - - 
l 

TT Not used. 

REP blank-blank End of room d a t a .  
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Remaining v a r i a b l e s  

AV I I n t e r n a l  c o n t r o l  of i n f i l t r a t i o n  o r  v e n t i l a t i o n  code 
f o r  s p e c i f i e d  pe r iods  of t h e  year .  

CAK 
CAR 

C I R  
C I R  

CQAK 
CQAR 

Recorded i n p u t  va lue  f o r  room d a t a .  

F r a c t i o n  of.  t o t a l  h e a t i n g  e f f e c t  suppl ied  by convec- 
t i o n  and r a d i a t i o n  r e s p e c t i v e l y .  CAK + CAR = 1. 

F r a c t i o n  of t o t a l  coo l ing  e f f e c t  suppl ied  by convec- 
t i o n  and r a d i a t i o n  r e s p e c t i v e l y .  C I K  + C I R  = 1. 

Specified d a t a ,  1st parameter.  

I F a c t o r s  f o r  convect ion and r a d i a t i o n  h e a t  r e s p e c t i v e l y ,  
f o r  spec if ied t ime- se r i e s  f o r  hea t ing  e f f e c t  . 

C Q I R  1 The same f o r  coo l ing  e f f e c t .  

COO Fac tor  f o r  t o t a l  h e a t i n g  o r  coo l ing  e f f e c t  i n  r e l a t i o n  
t o  spec if ied t ime- se r i e s .  

CR Recorded d a t a ,  2nd parameter.  

DT = 0 . 5 ,  t h e  l eng th  of t h e  time i n t e r v a l .  

FE J L  I n d i c a t o r  f o r  e r r o r s  i n  i n p u t  d a t a .  

FFFF 

I D ,  I M ,  I Y  

I 4  

KGNS 1 
MCK 

MCR 

I n d i c a t o r  f o r  e r r o r s  i n  i n p u t  d a t a .  

Indexes i n  DO-loops. 

Day, month, year .  

Not used. 

S t a r t i n g  and ending d a t e s  (day-number) f o r  i n f i l t r a -  
t i o n  code o r  v e n t i l a t i o n  code. 

= CK, conver ted t o  i n t e g e r .  

= CR, - - - 

MT Not used. 

S t a r t  and end of working hours ,  given a s  half -hour  
NAT number + 1. 
NI3 Specified number. 

NBB = NB, b u t  a t  l e a s t  = 1. 

NB1 = N B  + 1. 

NCK = C K ,  conver ted t o  i n t e g e r  

NCR = CR, - - - 
NDT = 48 half-hour i n t e r v a l s  a  day. 

NF LU Highest  number among t h e  recorded f l u x e s .  

NFLX Highest  number amonq t h e  recorded f luxes ,  a p a r t  from 
f l u x  1 0 ,  e l e c t r i c  i l l u m i n a t i o n .  

N J  Index i n  DO-loop. 

N M J  Index used by a r r ang ing  t h e  t r u e  sequence of d a t e s  
wi th  "b ig"  ou tpu t .  
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RUMDAT 

NOP 

NUDS 

NVEN 

N V I N  

N7  ,N8 

PRON 

SLIM 

ST 

T 

TA 

TK 

TLIM 

TMIT 

TO 

TOVT 

TR 

TU 

TUU 

TVMAX 

I n d i c a t o r  f o r  number of s t a t i s t i c  o u t p u t s  d e s i r e d .  

Number of days  wi th  "b ig"  ou tpu t ,  max. 1 0 .  

Highest  number + 1 among t h e  recorded v e n t i l a t i o n  
t ime- se r i e s .  

Number of window s p e c i f i c a t i o n s ,  1-10. 

Indexes i n  DO-loops. 

The f r a c t i o n  of t h e  h a l f  sphere  towards t h e  window wa l l  
occupied by wa l l .  Is used by c a l c u l a t i o n  of o p e r a t i v e  
temperature  towards window w a l l .  

I n d i c a t o r  f o r  mod i f i ca t ion  of Reference Year. 

Room d a t a ,  h e a t  c a p a c i t y  i n  accumulation l a y e r .  

Recorded name f o r  i d e n t i f i c a t i o n  of room d a t a  o r  
i n p u t  d a t a .  

Room d a t a ,  conductance,  s u r f a c e  t o  accumulation l a y e r .  

Room d a t a ,  conductance,  s u r f a c e  t o  neighbour room. 

Maximum accepted room a i r  temperature ,  a t  h igher  tempe- 
r a t u r e s  e x t r a  cool ing  i s  included.  

Minimum accep tab le  i n j e c t i o n  temperature  f o r  primary 
a i r .  Beneath t h i s  i s  preheated.  

Roan d a t a ,  conductance,  room a i r  t o  s u r f a c e s  

Temperature i n c r e a s e  f o r  primary a i r  i n  f a n  and d u c t s .  

L e t t e r  5-8 of t h e  name on " type  c a r d s " ,  n o t  used. 

Room d a t a ,  conductance,  s u r f a c e  t o  o u t s i d e  a i r .  

Room d a t a ,  r educ t ion  of TU f o r  movable i n s u l a t i o n  a t  
windows. 

Maximum accepted room a i r  temperature .  Over t h i s  
e x t r a  v e n t i l a t i o n  i s  inc luded .  

Maximum p o s s i b l e  a i r -change f o r  maintenance of TVMAX. 
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EIND 

Subroutine EIND 

Arrjument list: E, MAXSUR, MAXINT, ISURF, NI, 
corresponding to different variables in RUMDAT. 

Arrays 

E(MAXSUR, MAXINT) Either E(1,48) or E(10,48). 

Variables 

CLOCK 

I 

ISURF 

KONT 

MAXINT 

MAXSUR 

N1 

SECINT 

SECSAC 

Read hour from time-series card. 

Values of the time-series at two hours of the day 
between which the half-hour values are found by 
linear interpolation. 

Index in DO-loop. 

The number of the flux or the air temperature, 
if there is more than one. 

Not used. 

= 48. 

Maximum dimension of the corresponding array in RUMDAT. 

Indicator for list output of input data. 

Number of seconds in time interval (=1800) . 
Time in seconds, for which the value in the time- 
series shall be calculated. 

Time (given in seconds) between which is interpolated. 

This subroutine reads time-series with two or more cards and 
interpolates the half-hour values between the read hours. 

For one time-series at least two cards are needed, at 0.00 and 
at 24.00 respectively, and those two cards must have the same 
value of function. 

The subroutine is called from RUMDAT ones for every time-series 
which is to be read. 
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SFLUX 

S u b r o u t i n e  STTJI?X - 

Argument l i s t :  EXI, NFLU, N D T ,  OMAS, QMIS, I Y ,  I M ,  I D ,  

W L U  -- NFLX i n  RUFIDAT, o t h e r w i s e  t h e  same names. 

COMMOW,/blank/, Z - TEKST i n  MAIN, o t h e r w i s e  t h e  same names. 

Pxravs  -- 
EX1 ( 1 0 , 5 0 )  Read f l u x e s ,  h a l f - h o u r  v a l u e s .  EXI ( 1 0 , x x )  i s  

e l e c t r i c  l i g h t i n g .  

QMAS ( 5 0 )  Maximum h e a t i n g  e f f e c t ,  h a l f - h o u r  v a l u e s .  

QMIS ( 5 0 )  Maximum c o o l i n g  e f f e c t ,  h a l f  -hour v a l u e s .  

NR ( 1 0 )  Not used .  

SEX1 (10)  D a i l y  sums of f l u x e s .  

FLU ( 1 0 )  Headings f o r  t a b l e .  

V a r i a b l e s  - 
1 , N . M  

I D ,  I M , I Y  

NDT 

NFLU 

TDS 

Indexes  i n  DO-loops. 

Day, month, y e a r .  

Hour f o r  t a b l e  o u t p u t .  

= 48, numbers of  i n t e r v a l s  p e r  24 h o u r s .  

Numbers cf read f l u x e s  ( e x c l .  e l e c t r i c  l i q h t i n g )  . 
= 10,  t h e  number of  t h e  f l u x  g i v i n g  t h e  e l e c t r i c  
l i g h t i n g .  

Number of t ime  i n t e r v a l s  p e r  hour .  

T I  = I 

TO I n t e r m e d i a t e  r e s u l t  f o r  c o n t r o l  of  o u t p u t .  

T h i s  s u b r o u t i n e  b d r i t e . . ;  t i m e - s e r i e s  w i t h  4 8  h a l f - h o u r  v a l u e s  of 
r e a d  FLUXes, and t l i e i i  daily silrr, and t i m e - s e r i e s  of maximum 
c o o l l r q  2x8 h e a t i n g  e f f e c t .  There  a r e  w r i t t e n  a s  many FLUX a s  
a r e  rezd, however FLU:< 10 ! ~ : l e c t r i c  i l l u m i n a t i o n )  and FLUX 1 
a r e  a!~ .~al ; s  b j r i t t e n .  

Fur the rmore  a r e  w r i t t e n  t i m e - s e r i e s  f o r  t h e  wanted room a i r  
t e m p e r a t u r e  ( A I R T E M I l ) ,  t h e  s p e c i f i e d  t e m p e r a t u r e  o f  a d j o i n i n g  
room o r  c o r r i d o r  (AIRTEMP3) and of t h e  t e m p e r a t u r e  of t h e  ven- 
t i l a t i o n  a i r ,  i f  t h i s  i s  s p e c i f i e d  w i t h  a  time-series and i s  n o t  
f o l l o w i n g  t h e  t e m p e r a t u r e  of t h e  o u t e r  a i r .  

The s u b r o u t i n e  i s  c z l l e d  from RUFUP-T o r ~ c c  f o r  e v e r y  c a l c u l a t i o n .  
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Subrcutine DISKL 

Argument. list: NMD, NDG, same names as in MAIN. 

COYIMON/KORS/, same names as in MAIN. 

Arrays 

IA (30) Data read from disc, are converted to the different 
weather data. 

Variables 

ICA - ICK The figures 1-9, 0 and blank, are used for conversion 
of the cloud cover. 

IAA Intermediate data in the cloud conversion. 

J,K Indexes in DO-loops. 

JK , KK Indexes for distribution of the concentrated data set. 

NDG Day. 

NMD Month. 

NQ Cloud cover. 

This subroutine reads the data of the Reference Year from a con- 
centrated data set on disc store. 

The data set is available as card pictures, formated, with four 
hours per record- 80 col. punched-cards. There are no missing 
data, except for the cloud cover, where some night hours are 
missing for some months. 

Therefore, if the data used are given with hours 00 thru 23, 
either the program or the data must be adjusted. 

The subroutine distinquishes between 0 and blank, i.e. missing 
data, for the cloud cover. 

The temperatures are qiven with 0,10C, radiation with 1 ~ / m 2 ,  
wind velocity with 1 knot as resolution, and the cloud cover is 
given with octas, i.e. 0-8, and 9 (if it has not been possible 
to observe the cloud cover) . 
The subroutine is called once for every day from MAIN. 

If a concentrated dataset on disc is not available, a subroutine 
TAPL can read the relevant data from a complete "Test Reference 
Year" on tape. 

Arrangement of data in the card picture: 

col 1 - 3 Month-and-daynumber, 001-031, 051-078, 101-131 - etc. 
col 4 1-6, six cards per day 

gry bulb temperature OC (14) , dewpoint temperature2 
24-42 C(I3), global, diffuse, and normal radiation W/m 
43-61 (313), cloud cover N(I1) and wind speed knots (12). 
62-80 5-231 

Subroutine TAPL 

This subroutine reads the data of the Danish Reference Year 
from a tape with the original format. Corresponds generally 
t~ DISKL. One card picture per hour. 
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Subroutine SUNR 

Algorithms - 
This subroutine calculates the time SO and SN for sunrise and sun- 
set, the sun's altitude H and azimuth AS for each half-hour, and 
the day number DN in the year. Simplified, the longer duration 
of the summer half than the one of the winter half, the refrac- 
tion, and the equation of the time are counted in. 

DN 1 to 365. Latitude BR, -90 to 90 deg, Copenhagen 56 deg. 

Calculation of the equation of time TEQ, in minutes: 

1 6 DN < 21 TEQ = -2.6 - 0.44.DN 
21 6 DN < 136 TEQ = -5.2 - 9.0ec0s((DN-43)e0.0357) 

136 6 DN < 241 TEQ = -1.4 + 5.O0cos((DN-135)@0.0449) 
241 6 DN < 336 TEQ = 6.3 + 10.Oecos((DN-306)*0.0360) 
336 DN 365 TEQ = -0.45*(DN-359) 

The local time, 9.7 min.(for Copenhagen),is added, and TEQ is con- 
verted into angle of time: 

TET = (TEQ - 9.7)/60. 
TEQ = TET x n/12. 

The declination of the sun VA: 

DF = DN*n/182.5 
VA = 0.33 - 22.96-cosDF + 4.0esinDF - 0.37-cos2DF - 0.15.cos3DF 
Sunrise and sunset: 

TON = 12/n=arccos(sinBR.sinVA + O.O.)/(cos~R~cos~~) 
SO = TON - TET sunrise 
SN = 24. - TON - TET sunset 

Half-hour angle, I = 1 to 48. 

TP = I * ~ / 2 4  + TEQ 

Altitude of the sun: 

Azimuth: 

Refraction (when H > -0.005, corresponding to about -0.3') 

H = H + 0.000225/(H + 0.023) 

If the refraction and the longer duration of the summer half are 
neglected, it will give the length of the day an error of up to 
12 - 13 min. at equinoxes. 



SUNR 

For q u a s i - s t a t i o n a r y  c a l c u l a t i o n s ,  w i t h o u t  a  T e s t  Reference  
Year, r a d i a t i o n  h a s  t o  be  computed f o r  t h e  day i n  y e a r ,  l a t i -  
t c d e ,  and c loud  c o v e r .  
C l e a r  sky r a d i a t i o n :  
O p t i c a l  a i r  mass: 

Dis tance  c o r r e c t i o n :  

E x t i n c t i o n  f a c t o r  EXT s p e c i f i e d  p e r  month, s e e  t a b l e .  
2 D i r e c t  r a d i a t i o n  ( a p p a r e n t  s o l a r  c o n s t a n t  1163 W/m ) :  

SM = 1163.eDA-e (-EXT - FL) 

D i f f u s e  r a d i a t ' o n  ( e m p i r i c a l  e x p r e s s i o n ,  u s i n g  s o l a r  con- t s t a n t  1370 W/m ) : 

HH = 0.333 (1370. - D A  - SM) sinH 

E x t i n c t i o n  f a c t o r  EXT and c o e f f i c i e n t s  Q and R (used  below) 
a r e  e m p i r i c a l l y  de termined v a l u e s  ( d e r i v e d  from Danish d a t a )  
and s t o r e d  i n  t h e  programme: 

Month J F  M A M J J A S  ' 0  N D 

R a d i a t i o n  w i t h  c l o u d  cover  CC = 0  t h r u  8:  
( C C  = 1 c o r r e c t e d  t o  0 .5 ,  CC = 7  c o r r e c t e d  t o  7 . 3 )  
Cloud cover  f a c t o r  f o r  g l o b a l  r a d i a t i o n  

CCF = 1. + Q Q R - C C  + RRQeCC 2 

Cloud cover  f a c t o r  f o r  d i r e c t  r a d i a t i o n :  

CQ = 0.58-CC + 0 . 0 2 5 - c c 3  + 0.000288- CC 
5  

D i r e c t  r a d i a t i o n  (J  = 1 t h r u  24) 

Global  r a d i a t i o n  

RTOT ( J )  = ( H H  + SM * s inH)  -CCF 

D i f f u s e  r a d i a t i o n  

R D T ( J )  = RTOT(J) - R N T ( J )  . sinH 
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SUNR 

Argument list: NMD, NDG, NDN, same names as in MAIN 

NBA2 Cloud cover, in oktas. 

BA2 Date (month .day) 

BAS Latitude. Default value 56O North. 

COWIOI.L'/KORS/, same names as in MAIN: 

Arrays 

DM (12) Number of days before the first day of each month. 

E (12) Extinction coefficients, per month. 

RRQ (12)7 
Coefficient for Cloud Cover Factor calculations. 

QQR (12)-' 

Variables 

AN 

AZ 

COSBR 

COSIH 

COSTP 

COSVA 

DF 

DN 

H2 

I 

NDG, NDN 

PI 

PJ 

SINBR 

SINVA 

SINUH 

TEQ I TET 

TON 

TP 

CC 

CCF 

CQ 

Solar azimuth plus T. 

Solar azimuth. 

cos (BR) , latitude. 
cos(H2), altitude of the sun. 

cos (TP) , hour angle. 
Cosine to the declination of the sun. 

Day number, given as angle. 

Day number of the year, 1.-365. 

Altitude of the sun. 

Index in DO-loop. 

Day number of the year, 1 - 365. 
= T 

= ~ / 1 8 0  

sin (BR) , latitude. 
Sine to the declination of the sun. 

sin (H2) , altitude of the sun. 
Equation of time 

The half length of day, hours. 

Hour angle. 

= NBA2, Cloud cover, in oktas 

Cloud cover factor for global radiation 

Cloud cover factor for direct radiation 

The subroutine is called from MAIN once for every day, 
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Subroutine SOLIN 

This subroutine calculates solar heat through windows, roof and 
walls into the room. 

Hereby is considered: the area and orientation of the window, 
any shading projection over, or ribs or columns next to the 
window, horizon screenin? (owing to other buildings or trees), 
furthermore transmission throuqh the glass, dependent of angle 
of incidence, and movable sun shadinq devices considered acti- 
vated when the sun radiation per sa.m. through a window exceeds 
a specified limit. Up to ten different windows can be included 
in a room. 

In the Reference Year hourly values of diffuse radiation on 
horizontal and direct normal radiation are given, i.e. direct 
radiation measured on a plane ~erpendicular to the sun. The 
directional dependence of the diffuse radiation is included in 
the calculations and further dependent of the cloud cover. 

The subroutine distributes the heat from the sun radiation to 
the surfaces and to the room air, generally assuming that a 
considerable part of the sun raziation through the window will 
hit curtains or lightweight objects without much heat accumula- 
ting capacitv, from where the heat is very quickly transferred 
to the room air. If no distribution is specified, 50/50 is 
assumed. 

The sun radiation through flat roof and walls includes the 
orientation of the wall and the U-value of the wall or the roof. 
An absorption coefficient of 0.85 and an outside heat transfer 
resistance of 0.05 m2 oC/W are assumed. 

The time delay in wall or roof is considered simplified, as 
20% of the solar heat during a half-hour is transferred imme- 
diatelv, and the rest is transferred, following an exponentially 
falling curve, decreasinq 20% ?er half-hour. 

The subroutine is called from -MAIN once every dav. 

Algorithms 

This subroutine calculates the incoming solar radiation through 
windows, roof, and walls to the room. 

1. Transfer through roof and walls: 

Outside absorption coefficient a = 0.85 
Outside surface resistance = O . O ~ ~ C ~ ~ / W  

A delay in heat transfer is assumed, so that 20% of the trans- 
ferred heat is transmitted during the first half-hour, and 
the rest during the following time intervals, decreasing with 
a factor of 0.8 per time interval. Summa = 1.0. Average de- 
lay 2 hours. 
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Transmitted during first time interval through roof: 

AT = Area- (U-value). 0.050 0.85.0.2 = TGKe0.0085 

and wall IP: 

2. Radiation on roof, I = 2 to 49 (the time interval). 

SOLV = SNT(1)osinH + SDT(1) 
(-normal radiationosinH + diffuse radiation). 

Transmitted through roof: 

SOLT(1) = SOLT(1) + SOLV-AT 

3. Angle of azimuth, sun/window (-wall): 

Angle of sun/window (-wall): 

ZAN = cosH*cosX 
FV = ZAN when ZAN > 0, otherwise FV = 0. 
VH = arccos (ZAN) 

4 .  Factor for diffuse radiation on vertical, for clear sky :  

F = 0.55 4- 0.437.ZAN + 0.313- Z A N ~ .  
For ZAN -0.2: F = 0.45. 

Correction for cloud cover, N = 0 to 8 

F = (F - 0.5). (8. - BN)/8. + 0.5 

(BN = N): 

Diffuse sky radiation on vertical: 

DIFD = SDT(I)*F 

Direct radiation on vertical: 

SOLD = SNT(1)-FV 

Reflected short-wave radiation: 

DIFR = SOLV-0.500.25 

5. Solar heat transferred through walls and roof: 

SOLT (I) = C (SOLD + DIFD + DIFR) * W K  + SOLV. AT 
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6. Solar heat through, windows: 

Calculation for stationary outside sun shading devices, if 
any : 

COTA = cosX/ tg-H 

Canopy: 

TG = (canopy protrusion)/(height of canopy over ~indow + 
% window height) 

Fraction of the window not shaded: 

Direct: ASU = (window height + height of canopy over win- 
dow/window height) - (canopy protrusion/COTA) 

Diffuse: ADU = l/- 

Rib: 

Fraction of the window not shaded: 

Distance of rib to window RIBA = RIBM(1,IP) 

ASS = protrusion of rib- tgX 

Direct: ASR = (window width + RIBA - [ASS l ) /window width. 
(Diffuse radiation is not considered reduced by vertical ribs). 

Both rib and canopy: 

ASU = ASU*ASR 

Factor for direct radiation transmitted through double glass 
window at the angle V1 (0'-90'). V1 = VHe180./1~ 

TR = 0.76, transmission for VI = 0'. 

Factor for transmitted diffuse radiation through double pane: 

SOLD = SOLD* ASU 
DIFD = DIFD-ADU 

Through window, 1 square m: 

SOLG = SOLD-FK + (DIFD + DIFR) *RF 
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8. Insertion of movable sun shading device, if SOLG > BEVM(3,IP). 

Solar radiation through actual window area: 

SOLK = SOLG.BEVM(1 or 2,IP)*area, 
where 

BEVM(1,IP) = 1, and 
BEVM(2,IP) is the shading factor for the movable sun shad- 
ing device. 

9. Distribution of solar heat to room air: 

and to surfaces: 

SOL(I,2) = SOLK(1.- FORD) 
where 

FORD is the distribution coefficient, normally 0.50, or 
as specified for the shading device. 

10. Calculation of the apparent indoor overtemperature of the win- 
dow, included the effect of solar heat absorbed in the glass 
and again given off from the glass (-no direct radiation to 
the sensor) : 

If it is desired to include direct solar radiation on the sen- 
sor, the following should be used: 

Arqument list: NOP , same name as 

COMMON/KORS/, /INTERP/ and / S W ,  same names as in MAIN. 

Arrays 

SDT (50) Diffuse radiation on horizontal, half-hour values. 

SNT (50) Direct normal radiation, half-hour values. 

Variables 

ADU Reduction of diffuse radiation owing to projection 
over the window. 

ASR Reduction of direct radiation owing to ribs or columns. 

ASS Horizontal shadow length of ribs. 

ASU Reduction of direct radiation owing to projections over 
the window or ribs. 

AT Intermediate result for solar heat through roof. 

AV (Glass) area of window. 
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BN 

COSIH 

COTA 

D I F D  

DIFR 

F 

FK 

FMB 

FMH 

FORD 

ISN 

NAF 

NOP 

R F  

R I B A  

R I B F  

SOLD 

SOLG 

SOLK 

SOLV 

TG 

UDHA 

UDHF 

VH 

Cloud cover .  ( 0  - 8 )  

=cos (H) ,  a l t i t u d e  of t h e  sun. 

=cos ( X )  - c o s  ( H )  / s i n  (H) . 
Diffuse  sky r a d i a t i o n  on v e r t i c a l  s u r f a c e .  

Ref lected s h o r t  wave r a d i a t i o n  on v e r t i c a l  s u r f a c e .  

D i r ec t ion  f a c t o r  f o r  d i f f u s e  sky r a d i a t i o n .  

Transmission of d i r e c t  r a d i a t i o n  through double-pane 
a t  t h e  angle  o f  inc idence  V I .  

Window width ( g l a s s )  . 
Window h e i g h t  ( g l a s s )  . 
Frac t ion  of s o l a r  h e a t  through windows, which goes 
d i r e c t l y  t o  room a i r .  

=ZAN, dur ing  t h e  hours from s u n r i s e  t o  s u n s e t .  

Indexes i n  DO-loops. 

Counters f o r  i n t e r p o l a t i o n  t o  half -hour  va lues  f o r  
r a d i a t i o n .  

Index i n  DO-loop, window s p e c i f i c a t i o n  number. 

Half-hour number a f t e r  s u n s e t .  

Half-hour number be fo re  s u n r i s e .  

I n d i c a t o r ,  = 1 wi th  movable sun shading dev ice  n o t  
a c t i v a t e d ,  = 2 f o r  a c t i v a t e d  movable sun shading dev ice .  

I n d i c a t o r  f o r  c a l c u l a t i o n  of  t h e  apparen t  indoor  s u r f a c e  
temperature  of  t h e  window (=NOP i n  M A I N ) .  

Transmission of d i f f u s e  r a d i a t i o n  through double pane. 

Rib ( o r  column),  d i s t a n c e  from n e a r e s t  g l a s s  edge. 

Rib, p r o j e c t i o n  i n  f r o n t  of  g l a s s .  

D i r e c t  r a d i a t i o n  on v e r t i c a l .  

T o t a l  r a d i a t i o n  through double pane. 

The same, wi th  movable sun shading dev ice ,  i f  any. 

To ta l  r a d i a t i o n  on h o r i z o n t a l .  

Tangent t o  a l t i t u d e  of  edge of  p r o j e c t i o n  seen from 
c e n t e r  of  pane. Is used f o r  c a l c u l a t i o n  of  reduc t ion  
of  d i f f u s e  r a d i a t i o n .  

Transmission o f  d i r e c t  r a d i a t i o n  perpendicu la r  t o  
double pane. 

P r o j e c t i o n ,  d i s t a n c e  from upper g l a s s  edge. 

P r o j e c t i o n ,  overhang i n  f r o n t  of g l a s s .  

Angle of  inc idence  f o r  d i r e c t  r a d i a t i o n  a g a i n s t  pane, 
r ad i an .  
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= VH, in degrees. 

Intermediate result for solar heat through wall. 

Solar azimuth minus azimuth angle of the windows, 
roof and walls into the room. 
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Subroutine INPOL 

Argument list: NULT, TOVT, TMIT. 

NULT-TNUL in MAIN, otherwise the same names. 

COMMON/KORS/, with same names as in MAIN. 

COMMON/blank/, T -  TEKST in MAIN, otherwise the same names. 

No Arrays 

Variables 

I Index in DO-loop. 

I3 I2 1 Counters for interpolation. 

NULT Temperature at 24.00 the preceding day. 

TEX Calculation of primary air temperature. 

TMIT Minimum allowable injection temperature for primary 
air in the room. 

TOVT Temperature increase of primary air in fan and ducts. 

This subroutine converts the 24 hourly values of the outer air 
temperature, read from the Reference Year in subroutine DISKL(O~ 
TAPL ) into 48 half-hour values. Hereby it is necessary to 
transfer the value at 24.00 to next day for interpolation at 0.30. 

Furthermore, the temperature of the injection air (primary air) 
is calculated, if the air is outer air, possibly wit.h a tempera- 
ture increase TOVT from fan and ducts, and possibly with pre- 
heating to a minimum accepted injection temperature TMIT. 

The subroutine is called from MAIN once every day. 



Subroutine ADM2 

Argumentlist: IM, NOP, NATI, NAT, THOO, THO1, 

IM- NMD in MAIN, otherwise the same names. 

COPLVON/ADI/ and /INTEW/, same names. 

No Arravs 

Variables 

1,J 
IM 

IT 

NATI 
NAT 

NOP 

THOO 

THOl 

Indexes in DO-loops. 

Month . 
Full deuree interval for temperature. 

Start and end of working hours, 
9iven as half-hour number + l. 
Indicator for how many operative temperatures are to 
be calculated (-- NOP in MAIN) . 
Highest operative temperature of the dav towards walls. 

gighest onerative temperature of the day towards window 
wall. 

1 Temneratures. 

In this subroutine the maximum value of operative temperature 
of the day towards the walls is calculated, and if NOP 1, 
of the operative temperature towards the window wall. 

Furthermore is carried out sorting of the single half-hours 
for summing un to monthly frequencies of the respective tempe- 
ratures. 

The sortins is carried out both for all half-hours during the 
day (at 0.30 to 24.00) and for the half-hours within the working 
hours, NATI to NAT. (Default values: 8.30 - 17.00) 
The subroutine is called from MAIN once after each day. 
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S u b r o u t i n e  UDSKR 

T h i s  s u b r o u t i n e  i s  c a l l e d  once from M A I N ,  when t h e  c a l c u l a -  
t i o n s  have been f i n i s h e d .  I t  writes, monthly and f o r  t h e  
whole y e a r ,  d i s t r i b u t i o n s  of  t h e  c a l c u l a t e d  t e m p e r a t u r e s  i n  
f u l l  d e g r e e  i n t e r v a l s .  

The d i s t r i b u t i o n s  a r e  w r i t t e n  o u t  f o r  t h e  a i r  t e m p e r a t u r e ,  
a )  a l l  day  th rough ,  and b) d u r i n g  t h e  working hours .  
Fur thermore ,  i f  spec  i f  i e d  , f o r  t h e  o p e r a t i v e  t e m p e r a t u r e  
towards  t h e  w a l l s  o f  t h e  room, c )  a l l  day  th rough ,  and d )  
d u r i n g  t h e  working hours ,  and f i n a l l y  e )  f o r  t h e  o p e r a t i v e  
t e m p e r a t u r e  towards  window and window w a l l  d u r i n g  t h e  
working hours ,  and f )  t h e  d i f f e r e n c e  between t h e  o p e r a t i v e  
t e m p e r a t u r e s  towards  i n t e r n a l  w a l l s  and window p l u s  window 
w a l l  d u r i n g  t h e  working h o u r s .  

a )  and b )  a r e  a lways  w r i t t e n  o u t ,  c )  and d )  o n l y  i f  OPERativ 
i s  s p e c i f i e d  i n  i n p u t  d a t a ,  and e)  and f) o n l y  i f  a  window 
number, 1-10, i s  i n d i c a t e d  t o g e t h e r  w i t h  OPERativ. 

Together  w i t h  a )  i s  w r i t t e n  t h e  monthly mean v a l u e  o f  t h e  
room a i r  t e m p e r a t u r e ,  and monthly sums o f  c o o l i n g  and h e a t i n g  
t o  pr imary  a i r ,  t o  t h e  room and t o t a l l y ,  h e a t  from s o l a r  
r a d i a t i o n  and from e l e c t r i c  l i g h t i n g ,  and number of h a l f - h o u r s  
w i t h  e x t r a  c o o l i n g  o r  e x t r a  v e n t i l a t i o n .  Analogous v a l u e s  
a r e  w r i t t e n  f o r  t h e  y e a r .  

Together  w i t h  b ) ,  d ) ,  e)  and f )  a r e  c a l c u l a t e d  ( i n  s u b r o u t i n e  
FRAKT) and w r i t t e n  o u t  f o r  each month t h r e e  t e m p e r a t u r e s  c o r r e -  
sponding t o  t h e  q u a n t i l e s  1 0 % ,  50% and 90%. 
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Subrout ine  UDSKR 

Argument l i s t :  NOP, NAT, N A T I ,  I Y ,  I M ,  I D ,  

same names a s  i n  MAIN.  

COMMON/ADL/ , wi th  t h e  same names as i n  MAIN 

/blank/ Z - -  TEKST i n  M A I N .  

Arrays 

C (11) Alphameric o u t p u t s .  

FRAK (3 ,13  ) Calcu la t ed  tempera tures  corresponding t o  1 0 ,  50 
and 90% q u a n t i l e s  f o r  1 2  months and t h e  whole yea r .  

IS  ( 1 2 )  Monthly number of ha l f -hours  w i th  e x t r a  cool ing .  

ITOT (30)  I n d i c a t o r  f o r  t h e  temperature  i n t e r v a l  t o  be  
w r i t t e n .  1 -- is  w r i t t e n ,  0 -- is  n o t  w r i t t e n .  

LD ( 6 )  Reduces t h e  i n t e r v a l  downwards. 

F i g u r e s  of f i r s t  and l a s t  p o s s i b l e  v a l u e  i n  t h e  ( 6 )  1 
i n t e r v a l ,  f o r  t a b l e  headings.  LS ( 6 )  

NC (3 )  F i g u r e s  10,  50 and 9 0  f o r  t a b l e  headings .  

Va r i ab l e s  

S t a r t i n g  and ending t ime f o r  working hours ,  
ANAT i n  hours  and minutes.  

11 JtK,L Indexes i n  DO-loops. 
I D ,  I M ,  I Y  Day, month, yea r .  

IRES Is used f o r  de t e rmina t ion  of t h e  temperature  
i n t e r v a l  t o  be  w r i t t e n  o u t .  

I SUM Yearly number of ha l f -hours  w i th  e x t r a  coo l ing .  

LNOP 

NATI  
NAT 

NOP 

Index i n  DO-loop. 

i I n d i c a t i o n s  of temperature  i n t e r v a l  t o  be 
w r i t t e n  ou t .  

C a l c u l a t e s  how many o u t p u t s  are t o  be  made. 

S t a r t i n g  and ending of working hours ,  
g iven  a s  half -hour  number + 1. 

= l1 u n i t  i n  heading kFVh, 
= 10 - Meal. 

I n d i c a t o r  f o r  number of s t a t i s t i c a l  o u t p u t s .  

NN, W,MM Indexes i n  DO-loops. 
VARME Summing up of  h e a t  consumption, October-April.  
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S u b r o u t i n e  FRAKT 

T h i s  s u b r o u t i n e  c a l c u l a t e s  f o r  e v e r y  month and f o r  t h e  y e a r  
t e m p e r a t u r e s  co r respond ing  t o  10%,  50% and 90% q u a n t i l e s ,  
i . e .  t e m p e r a t u r e s  under  which l O % ,  50% and 90% o f  a l l  h a l f -  
h o u r s  are found. 

The s u b r o u t i n e  i s  c a l l e d  once f o r  e v e r y  c a l c u l a t i o n  from UDSKR. 

The c a l c u l a t i o n s  a r e  c a r r i e d  o u t  by cumula t ing  t h e  number of  
h a l f - h o u r s ,  s e l e c t i o n  o f  t h e  f u l l  d e g r e e  i n t e r v a l  i n  which 
t h e  q u a n t i l e  v a l u e  must b e  s i t u a t e d ,  and by l i n e a r  i n t e r p o l a -  
t i o n  w i t h i n  t h i s  i n t e r v a l ,  

I f  t h e  maximum o r  minimum v a l u e  o f  t h e  month i s  p l a c e d  w i t h i n  
t h e  same i n t e r v a l ,  i n t e r p o l a t i o n  i s  n o t  made o v e r  t h e  e n t i r e  
i n t e r v a l ,  b u t  u n t i l  t h e  ext reme v a l u e  o n l y .  

I f  t h e  cumul3ted ha l f -hour  f i g u r e s  show a monotonous c u r v a t u r e  
over  t h e  i n t e r v a l  and i t s  two a d j o i n i n g  i n t e r v a l s ,  an  i n t e r -  
p o l a t i o n  i s  c a r r i e d  o u t  a f t e r  a  curved l i n e .  T h i s  a d j u s t m e n t  
i s  s c a r c e l y  s i g n i f i c a n t ,  and may b e  o m i t t e d .  

Algor i thms 

T h i s  s u b r o u t i n e  c a l c u l a t e s  1 0 % ,  5 0 % ,  and 90% q u a n t i l - e s  by l i n e a r  
o r  n o n - l i n e a r  i n t e r p o l a t i o n  i n  t h e  f u l l  d e g r e e  i n t e r v a l  i n  which 
t h e  q u a n t i l e  v a l u e  AN l ies .  

The cumulated numbers a t  t h e  t e r m i n a l  p o i n t s  of  t h e  i n t e r v a l  a r e  
B and C ,  and a t  t h e  a d j o i n i n g  p o i n t s  A and D .  

Non- l inear  ( cu rved)  i n t e r -  L i n e a r  i n t e r p o l a t i o n  
p o l a t i o n .  

1 0 % ,  50%,  o r  90% of  t h e  t o t a l  number ( I T ( 3 0 ) )  i n  t h e  series: 

C i s  found when I T ( 1 C )  > A N ,  I C  = 1 t o  30. 



FRAKT 

AM: 10-s tep  va lues  0.05 t o  0.95 i n  t h e  i n t e r v a l  i n  which i n t e r -  
p o l a t i o n  s h a l l  t a k e  p l ace .  

XM: Linear  i n t e r p o l a t i o n  i n  B-C. 

XM = B + AM* (C-B) 

XR: Cor rec t ion  f o r  non- l inear  i n t e r p o l a t i o n  i n  B-C. 

Non-linear i n t e r p o l a t i o n  i s  n o t  used i f  XAO = 0, XDO = 0 ,  XR = 0 ,  
o r  XAD 0, i . e .  f o r  r e c t i l i n e a r i t y  o r  S-curve. 

XAO = 2 . B  -D -C 
XDO = 2 .C  -B -D 
XAD = XAO/XDO 

The q u a n t i l e  va lue  ANN i s  found f o r  t h a t  I (and t h a t  A M ) ,  which 
g i v e s  XM o r  XM + XR > AN. 

Subrout ine  FRAKT 

Argument l i s t :  J, FRAK, same names a s  i n  UDSKR. 

COMMON/ADI/ , same names a s  i n  UDSKR and MAIN.  

Arrays  

I T  (30)  Cumulated va lues  of number of ha l f -hours  below 
a c e r t a i n  temperature .  

FRAK (3 ,13 )  Temperatures f o r  1 0 % ,  50% and 90% q u a n t i l e s  f o r  
1 2  months and t h e  whole year .  

Va r i ab l e s  

A Cumulated va lue  (number) n e a r e s t  under B. 

AN L i m i t  va lue  (number) f o r  t h e  q u a n t i l e .  

ANN Calcu la ted  temperature  f o r  t h e  q u a n t i l e .  

AM S t e p  by i n t e r p o l a t i o n  i n  t h e  f u l l  deg ree  i n t e r v a l .  

Cumulated va lues  (numbers) between which i n t e r -  
C p o l a t i o n  s h a l l  t a k e  p l ace .  

D Cumulated va lue  (number) nex t  a f t e r  C .  

Temperatures ( f u l l  deg ree )  between which i n t e r -  
GC GB I p o l a t i o n  s h a l l  t a k e  p l ace .  
G6 Addend f o r  t r anspona t ion  of t h e  temperature  i n t e r v a l .  
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FRAKT 

XD 

XDO 

Indexes i n  DO-loops. 

The number g iv ing  upper l i m i t  of t h e  i n t e r v a l  i n  
which i n t e r p o l a t i o n  s h a l l  t a k e  p l ace .  

Ex t r apo la t ion  from below. 

Determination of monotonous cu rva tu re .  

Deviat ion f o r  f i n a l  p o i n t  by e x t r a p o l a t i o n  from 
below. 

Ex t r apo la t ion  from above. 

Deviat ion f o r  f i n a l  p o i n t  by e x t r a p o l a t i o n  from 
above. 

Linear  i n t e r p o l a t i o n .  

Adjustment f o r  t h e  c u r v a t u r e  of t h e  curve.  

Calcula ted va lue  by t h e  i n t e r p o l a t i o n ,  
c a l c u l a t i o n  repea ted  u n t i l  XX I A N .  
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L E V E L  2 1  M A I N  D A T E  = 7 8 1 2 5  

C  T H E R M A L  I N S U L A T I O N  L A B O R A T O R Y .  T E C H N I C A L  U N 1  V E R S I  TYI  C O P E N H A G E N  
t D R n G R A M  R A A  F O R  C A I  ClJL AT I O N  O F  RPOM T E M P E R 4 T U R E S  - . , . - . . . . . . . . - 
C  AND H E A T I N G  AND COOLING L O A D S  ( A P R I L  7 8 )  
C  F O P  COPENHAGEN:  L O C A L  T I M E =  9.7 M I N .  L A T I T U D E =  56 D G  N O R T H E E N  

COMMON /KORS/ L i ( 5 0 )  . H ( 5 0 )  a R N T ( 2 4  ) B R D T  ( 2 4 )  . F F ( 2 4 ) $ S O e S N  
I ; R T o T ( ~ ~ ) ~ T D ( ~ ~ ) ; & N ~ ~ ~ I -  

C O M M O N / S R / H O R M ( l O )  * V A E K (  1 0 ) r U D H W ( 2 r  1 0 ) . R I B M ( 2 .  1 0 ) . B E V M ( 3 1 1 0 ) .  
I F M ( 2 . 1 0 ) ~ F O R D M ( 2 . 1 0 ) ~ V I N ~ I O ~ ~ A V T ~ 1 0 ~ ~ T G K  

COMMON / A D l /  I T A E L ( ~ ~ ~ O V ~ ~ ) S T H A ( ~ O ) ~ T H O ( ~ O )  r T H R ( 5 0 )  e S U M ( l l s l 3 )  
I r G L I M 1 6 ~ 2 . 1 3 )  

COMMON / I N T E R P /  S M ( S O ~ ~ ) V S O L T ( ~ O ) I T V I N ( ~ O )  ~ T 0 0 ( 5 0 ) r T O l ( 5 0 )  
I . H B A ( 4 . 5 0 )  

COMMON T E K S T ( 1 8 ) .  ~ Q ( ~ ~ ) ~ O K ( ~ ~ ) ~ ~ ~ ~ ~ ~ ) ~ O M A X ~ ~ O ~ I O U I N ( ~ O ~ ~  
l T E X I ( 4 . 5 0 ) *  I N F L (  1 2 t 5 O l  , V E N T (  i 5 . 5 0 )  

COMMON C O K ( I 0  ) .COR( l O ) . O L Y S ( 5 0 )  
D I M E N S I O N  O K K ( 5 0 )  . Q R R 1 5 0 )  
DIMENSION I V E N ( ~ ~ ~ ) ~ I I N F ( ~ ~ ~ )  
D I M E N S I O N  N M ( I O ) . N D ( l O )  
D I U E N S I O N  O P ( 5 0 )  . O T T ( 5 0 )  
D I M E N S I O N  O O T T (  1 2 )  s N B Q ( 4 )  
DI MENSIDN O E L T ( S O )  
D 1  M E N S I O N  E L M (  3 )  . N S L I M (  2 0 )  
R E A L  I N F L  
D A T A  N S L I M  / 1 2 . 1 4 .  1 6 r 1 7 ~ 1 8 r 7 7 ~ 7 8 ~ 1 0 7 ~ 1 O @ ~  

1335.347.348m349.354.0 .0*0*OeO / 
D A T A  S L I M  / 0. / 
D A T A  N V l N  / l  / 
O A T A  B A 2 . 3 A S . N O A 2  / 2*0 . r  0  / 
D A T A  NW.NUDS.NINF.NVEN.NY.ND / 1 . 0 ~ 1 . 1 e 2 0 * 0  
D A T A  CAKIC I K  .CAR.CI R * T N U L e T O V T *  T M I  T ' A X D A G  / 2 * 1 e  * 6 * 0 a  / 
O A T A  I A R v N D A G a N D T  / 11 1. 4 8  / 
D A T A  T V M A X . V V V . T L I M .  P R O N I E L H  / 9 9 9 e r O . s 9 9 9 . * 4 * 0 *  
D A T A  T U U  / 1 / 
D A T A  NOP.NATI ,NAT /-1.17.34 / 

1 2 1  R E A D  ( 5 . 2 0 0 )  E K S T  
2 0 0  FORMAT ( I B A 4 1  

c 
C  I N I T I A L  V A L U E S  

C A L L  D A T E ( I D . I M . I Y )  
C  
C YEAR. M O N T H  AND D A Y  F O R  T H E  R U N  ( N E U C C  L I B R A R Y  R O U T I N E )  

N Y Y  =O 
N N ( 2 4 )  -8 
N D I  =NOT +l 
T G K  =O. 

i l r i ~ i i j = i  
DO 7 7 7  J = 1 . 5 0  
DO 7 8 0  I = l r 4  
T E X I ( 1 . J )  =O. 
C 3 N T  I N U E  
DO 7 7 8  I = 1 . 1 2  

D T  z0.5 - 
S L I M  =o. 
NNW =O A 

926 CONTINUE,- 
1 8  WRITE ( e r 1 1 1 1  TEKST.IY.IM.:D 

1 1 1  F O R M A T  ( I H l  r l B A 4 r 4 H  1 9 . 1 2 . 3 H  - 9 I 2 s 3 H  - 
W Q I T E  (6. 1 1 3 )  

. I 2  ) 

D A N I S H  
' 1  

1 1 3  F O R M A T  ( l H 0  + 2 5 X * * T H E R M A L  I N S U L A T I O N  LAB., 
I I T Y ' / 2 6 X .  ' P R O G F A M  B A 4 .  V E R S I O N  A P R I L  1 9 7 7  - 

T E C H N  I C A L  U N 1  V F R S  

C 
C  R E A D 1  NG O A T A  F O R  T M E  KODM AND E X I T A T I O N S .  A N 0  O U T P U T  S P E C I F I C A T I O N S  

C A L L  R U M D A T ( T A I T U I T D ~ T K I S T ~ E L M ~ T L I M ~ S L I M ~ T V W A X ~ V V V ~ N A T I  * N A T v  
l C A K ~ C A R ~ C I K ~ C I F ~ T O V T ~ T M I T ~ N F L U ~ N i l O S ~ N M ~ ! V E N ~ I I N F ~ N O P ~ P R O N ~ N V I N ~  
E T U U t b A 2  v B A S s N B A 2  ) 

N W = l  
I F  ( N M ( l O ) . E Q . . . I )  N U M - I  
N M ( I 0 )  =O 
N S L  =l 
TR = T U  
N V  = N V I N  

0 0 7 3  
OC 8 0  
OOE l 
0 0 9 2  
0 0 8 3  
0 0 8 4  
0 0 8 5  
C O E 6  
0 0 8 7  
C O 8 8  
0 0 8 3  

I F  ( N V . G T . 4 )  N V  = 4  
N A P  =NOP 
I F  ( N A F . L E . 0 )  N A P  = 9 9  
T H R ( 4 9 )  = T E X I ( I ~ I )  
T H O ( 4 9 )  = T E X I ( l r l )  
T H A f 4 9 )  = T E X I (  I, 1 )  
S O L T ( 4 9 )  =0 .  
0 0 1 4 9 )  =O. 
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5 2  C O N T I N U E  
D 3  2  I = L e 1 3  
D D  3 J = l . l l  

3 ~ C Y ~ J . I ) - = o .  
DO 9 J = l r 6  
CL I M ( J r l r 1  1 = l o o .  
GL I M ( J . 2 . I )  =-!CO. 
DO 9 K Z 1  ~ 3 0  

9  I T A E L ~ J I K s I )  = 0 e  
2 C O N T I N U E  

c 
C  C O F F F I C I E N T  T O  T E M P E R A T U R E  O F  T H E  H E A T  A C C U M U L A T I N G  L A Y E R  

0 1  3 0  A Z = T A * O  . 5 / S T  
A 1  -1  . -A2 
N M D  = B A 2  
N D G  = ( B A 2  - F L O A T ( N M D )  1 * 1 0 0 . 0 1  

5  C O N T I N U E  
I F  (BA2.NE.0 . )  G O T 0  3 4 5  

C 
C  ? E A D I N G  WEATHEF D A T A  FOR ONE D A Y  ( 2 4  H O U R S )  

01 0 6  CA1.L T A P L  ( N N D I N D G )  

E: C A L L  D l S K L ( N M D e N D G )  
L 
C C A L C J L A T I N G  H E I G T H  AND A Z I M U T  O F  S U N  AND R A D I A T I O N  I F  B A 2  I S  S P E C I -  
C  F I E D  

0 1  0 7  345 C A L L  SUNR(NMD.NDG e N D N e N R A 2 e B A 2 * B A S )  
C 
C  Q E D U C T I O N  OF T H E  NORMAL R A D I A T I O N  I N  DECFMBE?.  J A N U A R Y *  M A R C H  AND 
C A P R I L  I F  S L I M = l  I .E.  I F  MODREF I S  S P E C l F l E D  

0 1  08 IF (IJDN.NE..I~SLIM(NSL).O~.SLIW~NEE~.~ GOTO 939 
0 1 0 4  N S L  = N S L  +l 
0 1  1 0  DO 9 3 8  I = 1 . 2 4  
0 1  1 1  938 X N T ( I )  =O. 
0 1 1 2  9 3 9  C O N T I N U E  - 

L 
C  S O L A R  F A D I A T I O N  O N  W A L L S  AND ROOFI AND T H 9 0 U G H  WINDOWS. W I T H  S H A D I N G  

0 1  13  C A L L  S O L I N I N D P )  

C H A L F - H O U R  V A L U E S  O F  T E M P E R A T U R E S  I N  OUTDOOR A I R  A N D  V E N T I L A T I O N  
C  ( P R I M A h Y )  A I R  
C  H A L V T I M E S V A E R D I E F .  A F  T E M P E R A T U R E R  I U D E L U F T  OG P R I M A E R L W T  

O l  l 4  C A L L  I N P O L (  T N U L P T O V T I T Y I T * B A ~ )  
0 1  1 5  N R V  = I V E N ( N D N 1  
0 1 1 6  N L I  = I I N F ( N D N 1  
0 1  1 7  L B A 2  =O 
0 1  1 6  4 3 6  C O N T I N U E  
0 1  1 7  I F  (BAZ.NE.0.)  L B A 2  = L E A 2  41  
01 2 0  N V O  =O 

T H D ( l 1 =  T H O ( N D T + I )  
T H R (  1 ) =  T H R ( N D T + l )  
O O ( 1 )  = Q O ( N D T 4 1  1 
D D  3 8 8  J= l .  l 2  
O O T T ( J )  =O. 
SUMTHR = 0. 
A T Z  =o. 
AXDAG=O. 
D E L 1  =O. 
YOVSK = N D N  - ( N O N  / 6 1 ) * 6 1  
MDG = 1 0 0 * N M D  + N D G  + L R A 2  
I F  (HDG.E9.NM(NW).OK.LBA7. E O e  l e 0 R ~ L B A 2 e E O o 1  0  G O T O  9 2 1  
GO T O  9 5 0  

9 2 1  N W  =YW +l 

NNW = I  
# R I T E  ( 6 1  1 1 1 )  T E K S T . I V . I M . I D  
I F  (SL1M:EQ. l .  1 W R I T E  ( 6 . 8 1 )  

3 1  F O F M A T  ( M O D I F I E D  R E F E R E N C E  Y E A 9  U S E 0  ' )  
W R I T E  ( 6 . 1 1 2 1  N H D * N D G s N A P .  ( K . K = l . N V )  

I I 2  F O R Y A T  ( 9 H O M O N T H  . 1 2 . 7 H  D A Y  1 2 / / '  K L  R L - T  D P - T  O P T ' ,  
1: l , 2 x *  
I U D L T  Q R E G  O P R I M  O T O T  S O L l Y D  UVQ €-L B - A *  . I l . I 2 . 2 1 3 / )  

> 5 0  C O N T I N U E  
C 
C S T A Q T  O F  H A L F - Y O U F  L O O P  

0 6  DO 5 0  J2= l r N D T  
J l = J 2  
J = J 2 + 1  
M V U  =O 
M E L  =O 
T U  = T R  
O L I M  =o.  
S O L L Y S  = S O L ( J * l )  + S O L ( J . 2 )  

N I G H T - I N S U L A T I O N .  I F  ANY 
I F  (J2.GT.14.AND.J2.LT.36)  G O T 0  7 6 5  
I F  ( N D N . L T e  l O O ~ O R ~ N D N ~ G T ~ 3 0 0 ~  T U  = T R * T U U  

7j5 C O N T I N U E  
T & K I J = T A + T K + T U  
V T S U M  = V E N T ( N W V . J l )  ~ I N F L ( N R I B J I )  
V 7 0  =l. + V T S U M / T O  

C  
C C O E F F I C I E N T S  T O  R O O M - A I R  T E M P E R A T U R E  

C 1  = I . / V T O  
R C 3  =TO + V T S U M  
C 3  = ] . /RC3 

C  
C C O E F F  I C  I E Y T S  T O  S U R F A C E  T E M P E R A T U R E  
C  0 1  = 0 6 * T A .  B 2 = B 6 * T K S  8 3 = % 6 * T U r  

R 5  =l ./( T A K U s V T O  + V T S U M )  
0 4  = R S * V E N T ( N R V q J l )  
B 6  = 0 5 * V T O  
R 8 5  = T A K U  f V T O  + V T S U M  



FCRT,?AN I V  G L E V E L  2 1  W A I N  D A T i  = 7 8 1 2 5  

C  
C  S W I T C H I N G  E L E C T R I C  L I G H T ,  I F  ANY ( F L U X  1 0 )  

0 1  7 1  I F  ( S O L L V S . G E . E L M ( 2 ) )  G O T 3  3 9 3  
0 1 7 2  I F  ( O L Y S (  J 2 )  .LE .  0.) G O T 0  3 9 9  
0  1 7  3 O E L K  = Q L Y S ( J Z ) * C O K ( l O )  
0 1 7 4  Q E L R  = O L Y S (  J 2 ) * C O R ( l O )  

0 1 7 9  O E L T ( J 1  = Q E L K  + Q E L R  
3 1  7 3  MEL =l 
0 1 6 0  3 9 9  C O N T I N U E  
0 1 8 1  A T 2  = A T 2  + T E X I  ( 2 9  J 2 )  

P 
L 

C  C A L C J L A T I O N  OF T E M P E R A T U R E S  W I T H O U T  C O O L I N G  OR H E A T I N G  
0  1 8 2  T H A ( J )  = T H A ( J Z ) * A l  + T H O ( J Z ) * A 2  
01 8 3  T H O J  = T H A ( J  ) * B 6 * T A  + T E X I  ( 2 1  J 2  ) * B 6 * T U  + T E X I  ( 3 .  J 2 ) * 8 6 * T K  

l + T E X I ( 4 . J 2 ) + 8 4  + O K ( J Z ) * B S  + O R ( J 2 ) * 8 6  
2  + T E X I  ( 2 1  J Z ) * B 5 * I N F L ( N R I .  J 2 )  

0 1 8 4  T B A S  = TEXI(2.J2)*C3*INFL(NRI.J2) + T E X I ( ~ O J Z ) * C ~ * V E N T ( N R V I J ~ )  
1 + O K (  J 2 ) * C l / T O  

0 1 8 5  T R E G  = T E X I ( l r J 2 )  - T B A S  - T H O J + C I  

0 2 2 1  
0 2 2 7  
3 7 2 3  
C 7 2 4  
022: 
C'? 

C 
C  R E G U L A T I O N  E F F E C T  ( C O O L I N G  OR H E A T I N G )  

QREG = T R E G * T O / C l  
ORMA =OMAX ( J Z  ) * C A K  
O R M I  = O M I N ( J 2 ) * C I K  
C R R  = C A R  
i i  (QREG.LT.O. 1 C R R  =CIR 
C K K  = 1. -CRR 
OREG =OREG/ ( l. + ( B 6 * C K R / C K K  + B 5  ) * T O  ) 
- - . - . - . - - . - . 
I F  (OREG.LT.ORMI ) Q O ( J )  = O H I N (  J 2 )  
I F ( OREG. GT. ORMA ) OO( J 1 ZOMAX ( J 2  ) 
T H O (  J )  = T H O J  + O Q (  J f  * ( C R R * B 6  + C K K * B 5 )  

C  
C  T E M P E R A T U P E  L  I M I T A T I O N  THROUGH A D D I T I O N A L  C O O L I N G  O F  ROOM A I R  

I F  ( T H F ; ( J )  . L E . T L I U )  G O T 0  5 2 5  
TREG = T L I M  - T H K ( J )  
O L  I M  = T R E G * T J / ( C l  + B 5 * T O )  
T H O (  J )  = T H 3 (  J + O L I M * B 5  
T H R (  J )  = T H R (  J )  + O L I M * ( C 3  + B 5 * C 1 )  
Q Q T T ( 3 )  = O O T T ( 3 )  + O L I M  
O O ( J )  = O L I M  
SUM( 9 1 N M C )  = S U M (  9.NMD) +l. 
M V l l  = l  

5 2 5  CONTINUE 
T H R l  = T H R (  J )  
T H O l  = T H O (  J ) 

C - 
C  T E M P E R A T U R E  L I M I T A T I O N  B Y  I N C R E A S E D  V E N T I L A T I O N s  C A L C U L A T E 0  A F T E R  
C C O O L I N G I  I F  ANY. 

I F  ( T H R ( J J . L E . T V M A X )  G O T 0  5 2 6  
P 
L 

C N V U = 2  I N C R E A S E  W I T H  O U T S I D E  A I R .  N V U = 4  I N C R E A S E  W I T H  V E N T I L A T I O N  A I 9  
N V U  = 2  

C  
C I N C R E A S E D  A I R C H A N G E .  O N L Y  I F  I T  G I V E S  LOWER ROOM T E Y P E R A T U R E  

I F  ( T H F i ( J ) . L T . T E X I ( N V U . J 2 )  G O T 0  5 2 6  
D E L T A  =0.5 
V V N  = V V V  - V E N T ( N R V s J 2 )  
T V V  = V V N  
I F  (VVN.LTeO.1  1 G O T 0  5 2 6  
T H R 1  =( T H R (  J ) * G C 3  + T E X I  ( N V U I  J 2 ) * V V N ) / ( R C 3  + V V N )  

C 
C  ( I N F L U E N C E  O N  T H O l  N E G L E C T E D )  

I F  ( T H K l . G E . T V M A X )  G O T 0  5 2 7  - 
L 
C  I N C R E A S E  O F  A I R C H A N G E  O N L Y  U N T I L  T V M A X  I S  R E A C H E D  

T V V  = ( T H R ( J )  - T V H A X ) * R C 3 / ( T V H A X  - T E X I ( N V U . J Z ) )  
n r L T A  : 0 . 5 * T V V / V V N  
T H a l  =TVMAX 

5 2 7  T H R ( J )  = T H ? 1  
V T S U Y  =VTSIJM + T V V  

C 
C C O I J N T I N G  H O U R S  W I T H  MAX. A I R C H A N G E  

O E L T  = D E L T  + D E L T A  
M V U  =l 

5 2 6  C O N T I N U E  
Q P R I M  = ( T E X J ( 4 v J 2 )  - T E X I ( 2 r J 2 )  - T O V T ) * V E N T ( N R V . J 2 )  
O T T ( J )  = O P R I M  
3 3 ( J )  = O P R I M  
I F  ( O O ( J ) . G T . O . )  O T T ( J )  = O T T ( J )  + O Q ( J )  
0 0 T T ( 5 )  = 0 Q T T ( 5  1 * O P R I  M  

C  
C  T E Y P E R A T U F ~ E  OF I N S I D E  S U P F A C E  OF WINDOW A N 0  WALL 

T V I N J  = T V I N (  JJ  + ( T H R (  J )  + T H O ( J )  ) / 3 * 2 + T E X I  ( 2 * J 2 ) * 0 . 3 7 5  
TOO(  J )  = (  THR 1  + T H 0 1  ) / 2 .  
T O l ( J )  = ( T H R l  + T V I t d J * ( l . - P R O N )  + T H O ( J ) * ? R O N ) / 2  
SUMTHR =SUMTHR + T H R  l 
IF ( A X D A G - G E  .THR l )  G O T 0  1 0 1  
AXDAG = T H R l  
A K L  = F L O A T (  J 2  - (  J 2 / 2 ) * 2 ) * 0 . 3  + F L O A T ( J 2 / 2 )  

0 3  1  CONT I N U F  



C  
C N U M B E R  O F  H A L F - H O U R S  W I T H  A D D I T I O N A L  C O O L I N G I  I N C k E A S E D  V E N T I L A T I O N .  
C  E L E C T R I C  L I G H T  OR M O V A B L E  S U N S H A D I N G  F O R  W I N D O *  N O  1  - 4  

0 2 4 7  N V O  = N V O  4 M V U  
0 2 4 8  N E L  = N E L  + M E L  
0 2 4  7 U 3  8 3 7  Y = 1  . N V  
0 2 5 5  8 3 7  N S O ( K )  = N B O ( K )  + M B A ( K .  J )  
0 2 5  1  I F  (NNW.E>.O) G O T 0  5 0  
0 2 5 2  J D  = J 1 / 2  
0 2 5  3 J E  = J / 2  

C 
C Z R I N T O U T  O F  U A L F - H O U R  V A L U E S  F O R  A N  E N T I K E  D A Y  

I F  ( J E . N E . J D )  G O T 0  4 4 4  
W R I T E  ( 6 , 3 5 3 )  J D I T H R ~ ~ T O O ( J ~ ~ T O ~ ( J ) ~ T E X I (  2 s J 2 ) 9 0 0 ( J ) v O P ( J )  S 

! O T T (  J ) l S O L L Y S ~ M V U ~ M E L t ( M B A ( K e J )  v K = 1  e N V j  
Q 5 3  F O R M A T  ( I H  . I 3 * 4 F 7 . l  r 4 F B . 1 . 3 1 5 ~ 3 1 3  ) 

I F  ( J 2 . E O . N O T )  NNW'O 
N O V S K  =l 
GO TC) 5 0  

4 4 4  W S I T E  ( 6 . 3 5 4 )  T H R l  * T O O (  J )  . T 0 1 ( J ) r T E 6  ( E * J 2 ) r O Q ( J ) r O P ( J ) .  
l Q T T (  J ) . S O L L Y S . M V U v M E L *  ( M S A ( K ~ J ) ~ K = l ~ N V I  

7 5 4  r O R M 4 T  ( I n  . 3 X * 4 F 7 . l r 4 F 8 . 1 . 3 1 5 . 3 1 3  
5 0  C O N T I N U E  

C  
C  E N D  O F  H A L F - H O U R  L O O P  

I F  ( N O V S K . N E . 1  G O T 0  C 5 5  
S 5 6  NNW = O  

I F  ( NMMeEO. 1 ) G O T 0  9 5 5  
W R I T E  ( 6 t l l l )  T E K S T . I Y . 1 M v I D  

9 1 3  F J R Y A T  ( 1 H l  
W R I T E  ( 6 1 9 1 2  N A P *  ( I I I = I * N V )  

9 1 2  F O k M A T  ( l H  . ' M D  D G  R L T  M K L  F L T  MAX 9 P - T  O P T ' .  1 1 . '  U D T  M ' r  
I *  Q U O L E  O V A P M  O P Q I M  O S O L  U V O  E-L  6 - A ' r l l ~ 3 1 4 )  

955 C O N T I N U E  
C 
C D I S T X  I R U T I N G  A N D  C O U N T I N G  V A L U E S  F O h  M O N T H L Y  A N D  Y E A K L Y  T A B L E S  

0 2 7 1  C A L L  ADM2(NMD.NOP.  N A T  l r N A T * T H O O s  T H O 1  ) 
0 2 7 2  D N T  = N D T  
0 2 7 3  T T M  = S U M T H R / D N T  
0 2 7 4  A T 2  = A T 2 / D N T  
0 2 7 5  D O  3 8 9  J = 3 . 8  
C 2  7 6  3 5 9  O O T T (  J )  = O J T T ( J ) * D T  
G 2 7 7  O O T T ( 6 )  = O O T T ( 4 )  t O O T T ( 5 )  
0 2 7 8  S V M (  1  s N M D )  = S U M (  l ,NMD) + T T M  
0 2 7 9  D O  3 9 0  J = 2 . 7  
0 2 8 0  3 3 0  SUM(  J I N M P )  = S U M (  J .NMD) + 0 0 T T ( J + l  
0 2 C 1  S U M (  1 l . Y N D )  = S U M (  l l r N M D )  +l. 
C 2 E 2  I F  (NMM.EQ.1 1 G G T O  9 8 2  

L 
C  P R I N T O U T  O F  L I N E  O F  C A I L Y  V A L U E S  

0 2 8 3  WC I T €  ( 6 . 3 0 2 )  N M D . N D G I T T M I A K L I A X D A G ~ T H O O ~ T H O ~ ~ A T Z ~  ( 0 0 T T ( J ) ~ J = 3 * 5 ) s  
1 0 0 T T ( 7 ) r N V 0 . N f L 1 ( N B O ( I  1 t I = 1  P N V )  

0 2 8 4  9 0 2  F O R M 4 7  ( l t i  12.13. F 7 . 1 r F 8 . 2 r F S .  1 1 3 F 7 .  1 . 4 F 9 . O r 3 1 6 . 3 1 4 )  
O 2 E  5 I F  (DELT .NE.0 . )  W K I T E  ( 6 , 5 2 8 )  D E L T  
3 2 8 6  5 2 8  F O R M A T  ( I H  s F 5 . 1 )  
0 2  8 7  9 3 2  C O N T I N U E  
0 2  8 3 I F  ( L B A Z e G T e  O.AND.LBA2.LT.  1 0  l G O T 0  436 
0 2  8 3 I F  (RA2.NE.C.  ) G O T 0  9 E 5  
0 2 9 0  I F  (NWD.NE.12.0R.NDG.NE.31 G O T 0  5 - 

C 
C T E Q M I N A T l D N  A N D  F G l N 7 O U T  A F T E R  D E C E M B E R  31. 

0 2 S 1  C A L L  U D S K R ( N O F . N A T . N A T 1 .  I Y . 1 M .  I D s S L  I M )  
0 2 9 2  985 C O Y T I N U E  
C 2 5 3  R E A D  ( 5 . 9 2 5 )  MM 
0 2 5 4  9 2 5  F D R M A T  1 1 3 )  
0 2 5 5  I F  ( M M . N E . 9 9 9 )  S T O P  .- 

C 
C  N F U  C A L C U L A T I O N  I F  M b 4 = 9 9 9 r  O T H E R W I S E  S T O P  

0 2 9 6  R E W I N D  1 
0 2  5 7  G 3 T O  9 2 6  
0 2 9 3  EN D  

O O Z O  
0 0 2 1  
0 0 2 2  

3 1  i o 3 i a r - o ~  j 
5 € : ! 9 T - 2 4 4 6 0 * h O / N A X I Y T  
< U Y T = ~  
S E C S ? = - 9 3 ' )  J 9  > > 9  
D3 1 3  f = l . U A X l ' 4 T  
S E E S A : :  F L " ? l l  l ) : S +  I Y T  
S  > E - S Z )  G 3  T O  20 

1 9  C J V T I 9 L . C  
S t C S  1:s:: 



F O R T R P N  I V  G  L E V E L  2 1  R U M D A T  D A T E  = 7 8 1 2 5  

0 0 0 1  S U B a O U T I N E  F U M D A T ( T A I T U I T O . T K . S T  Q E L M I T L I  M ISL  I M ~ T V M A X * V V V ~ N A T I ~ N A T 9  
I C A K ~ C A R ~ C I K ~ C I Q ~ T O V T I T M I T ~ N F L U ~ ' r l U D S ~ N M ~ I V E N ~ I I N F ~ N O P ~ P R O N ~ N V I N ~  
2 

; € 4  

T H I  

J U ; B A ~ ; B A S , N B A ~  ) 
NG F R O M  C A R D S  C O N S T A N T S  F O R  T H E  ROOM ( T U I  TO. TK. T A  A N D  S )  

H E A T F L U X E S  A S  T I  M E S E R I E S  ( F L U X )  
A V A I L A B L E  HEATING- A Y D  COOLING EFFECT ( O M A X  AND WIN) FOR 

KEEP1N.G T H E  D E S I R E D  T E M P E R A T U R E  ( A I R T E M P  1 )  
D I S T R I B U T I O N  O F  F L U X .  OMAX A N D  O M I N  ON R A D I A T I O N  - C O N V E C T I O N  
TEMPERATURE IN ADJACENT GOOMS AND OF VENT ILATION AI& 

( A I R T E M P  3  A N D  4 )  
V E N T I L A T I O N  A N D  I N F  I L T P A T I O N  ( V E N T  A N D  I N F I L T )  
W I N 3 0 W  A F E A S  AND O R E N T A T  I O N S  ( V I N O U E  1 
F I X E D ,  O U T S I D E  S U N S I A D I N G S I  C A N O P I E S .  A I B S  ( U D H A E N G .  R I B B E )  
MOVAC3LE S U N S H A D I  NGSI S E T V A L U E S  A N D  S H A D I N G  F A C T O ?  ( B E V .  A F S K )  
M O V A B L E  N I G d T  I N S U L A T I O N *  E.G. A T  T H E  WINDOW ( H e I S O L I  
A L T I T U D E  O F  H D G I Z O Y ,  D E G R E E S  ( H O R I  Z O Y )  
S E T V A L U E  O F  T E M P E R A T U Q E  F O R  I N C R E A S E D  V E N T I L A T I O N  OK C O O L I N G  
E L E C T R I C  L I G H T ,  POWER AND S E T V A L U E  F O R  S W I T C H I N G  ( E L L Y S )  
F O O F  A N D  W A L L S  W I T H  S U N *  A 9 E A S  A N D  U - V A L U E S  ( T A G  OG V A E G )  
W O R K I N G  H O U R S  ( A - T 1 D )  

S P E C I F I C A T I O N  O F  D E S I R E D  09 S U P R E S S E D  O U T P U T  
SUBGOUT I N €  I S  A VERY C L U M S Y  PATCHWORK 

C 
C 7 M M D N  Z ( 1 8 ) r  0 0 ( 5 0 ~ ~ O K ( 5 0 ) r O R ( 5 0 ~ ~ 0 ~ ~ ~ ( 5 0 ) ~ 0 ~ 1 ~ ~ ~ 0 ~ ~  

1 T E X 1 ~ 4 ~ 5 0 1 r I N F L ( 1 2 ~ 5 0 ) ~ V E N T ( 1 2 ~ 5 0 )  
CCMMON C O K (  1 0 ) r C O G ( 1 0 )  e Q L Y S ( 5 3 )  
C O M M D N / S R / H O R M ( l O )  r V A E K (  l O ) ~ U D H Y ( 2 .  1 G ) s F  I B M ( 2 . 1 0 )  s B E v M (  3 0 1 0 )  * 

l P M ( 2 . 1 0 )  r F O F D H ( 2 . 1 0 )  I V I N (  1 0 )  . A V T ( l O )  B T G K  
D I M E N S I O N  N M ( l O ) . N D ( 1 0 1 . E L M ( 3 )  
D I M E N S I O N  O M A S ( 5 0 ) s O M I S ( 5 0 )  
3 I M E N S I O N  E X 1  l 1 0 . 5 0 ) 1  E (  1 . 5 0 1  
D I M E N S I O N  IVEN(366)rIINF(366).UD(lZ) 
I N T E G E R  F E J L  
R E A L  l N F L I  I N F  
D A T A  A I R .  F L U , ~ M A ~ Q Y I ~ V E N / ~ H A I R T .  4 H F - U X .  4HOMAX.  4 H O M I N t  4 H V E N T  / 
D A T A  INFtUDS.HOR~VAE,UDH. f i IB ,BEV.ELL.FOF / 4 H I N F I .  4 H U O S K r 4 H H O R I .  

I 4 H V A E G . 4 H U D H A . 4 H R I B B . 4 H B E V .  * 4 H E L L Y  4 H F O  / 
D A T A  C Q A K I C O A F . C O I ~ . C O I R  /l e.0.. l 0. / 
~ A T A  R F F M O  / AHMODF / 
~ A T A  B ~ s ~ ~ A A  / ~ H B .  1 ~ . 4 t B A 2  / 
D A T A  V N D I T A G I A L A  / 4 H V I N D + 4 H T A C J  * O H L A S T  / 
D A T A  R E P I T ~ . T ~ , T ~ . T ~ . T S . T T  / 2 H  .ZHTU*2HTK.2HTO.2HTAtZHS . Z H D T  / 
D A T A  I N F , F M T . V M A * A T  1,OPE / 4 H I N F  Iv4HFORWr4HMAX-.4HA-T1.4HOPEG / 
D A T A  MD / 0 . 3 1  ~ 5 9 ~ 9 0 1 1 2 0 r 1 5 1 . 1 8 1  * 2 1 2 9 2 4 3 . 2 7 3 9 3 0 4 * 3 3 4  / 
D A T A  N F L X  / 0  / 
D A T A  Q M A S . O M I S . E X 1  / 6 0 0 * 0 .  
FFFF -1  
N D T  = 4 8  
D T  = 0 . 5  
F E  JL = l 

2 1  R E A D  ( 5 . 1 0 1  T , B B  
1 0 1  F 3 Q M A T  ( A 2 . F l 0 . 2 )  

'41 = l 
J 4  = I  

C  F O P  A  C U R T H E R  C A L C U L A T I O N  I N  T H E  S A M E  FOOM A  B L A N K  C A R D  O N L Y  I N D I C A -  
C  T E S  NO CWANGES I N  T H E  ROOM C O N S T A N T S  
C  F O P  A  F U R T H E R  C A L C U L A T I O N  W I T H  T H E  S A M E  E X I T A T I O N S  E T C  A  " L A S T F L U X "  
C  C A P 9  O N L Y  I N D I C A T E S  NO C H A N G E S  

1 6  C O N T I N U E  
1 7  I F  (T .EO.REF)  G O T 0  1 8  
l ?  W Q I T E  ( 6 r 1 1 2 )  

1 1 2  F D R V A T ( l H O , * I N P U T E R R O R .  WRONG T-CODE.  OR S  AND T O  C A Y N O T  B E  Z E R O ' )  
F E  J L  = 2  
r.n T n  7 1  -- . -  - -  

1 8  C O N T I N U E  
W Q I T T  ( 6 . 1 0 2 )  TU.TK. .TO.TA.S+sDT 

1 0 2  F O R Y A T  ( l H O 1  4 H T U  = r F l O . 2 .  5 X . 4 4 T k  
1 5 X 1 4 t i T A  = . F I O . E / l X . G H S  = r F 1 0 . 2 * 5 X 1  

I F  ( F E J L . G T . 1 . 1 )  S T O F  
I F  ( T O . L E . 0 . )  G O T 0  1 9  
I F  1 ST.LE.3. )  G O T 0 1  3 
I F  ( (  T A + T K + T U )  .LE.  0. )  GOTO 19 

4 1  R E A D  ( 5 . 7 0 3 )  T , T R . N B r C K , C ?  
' 0 9  # K I T E  ( 6 . 1 0 4 )  T .TR.NRsCK.CQ 
t n a  F n R q A T  ( I t i O . 2 A 4 r I 2 ~ 2 F l O . 3  ) 

JL =l 
( T . E Q . A L A )  G O T 0  4 3  
( T . E O . 2 E F U O )  GOTO 4 0 0  
( N B . L T . 0 )  F E J L Z 3  
( T.EO. > H I .  AND-NB.  GE.0 
( N B . C T . 1 0 )  F E J L  =3 
( T . € Q . V ' 4 4 )  GOTO 4 9 1  
( T . E O . A T 1 )  G O T 0  4 9 2  
( T . E O . O P E )  GOTO 4 9 3  
(T .EO.BAA)  GOTO 1 4 1 4  
( T . t O . H O P )  G J T O  1 4 3 1  
( T . E O . U O h )  GOTO 1 4 3 3  



G O T 0  
G O T 0  
GOT 0 
G O T 0  
G O T 0  
GOTO 
G O T 0  

:E JL 
G O T 0  
G O T 0  
GOT 0 

G O T 0  
G O T 0  
GO TO 
G O T 0  

?.NB. 
G O T 0  
G O T 0  

4 0 5  
4 0 2  
4 0 3  
4 3  6  
4 3 2  
4 3 5  
4 3 8  

= 3  
4 0 8  
4 0  9  
4 1 0  

4 2 1  
4 2 2  
4 2 3  
4 2 4  

GT. 1 0  
4 2 5  
4 2 6  

F E J L  =2 
GO TO 4 1 8  

4 6 7  T U U  =CK 
G O T 0  4 1 8  

4 8 1  TVMAX =CK 
V V V  =CR 
GO 1 0 - 4 1 8  

4 8 2  N C K =  I F I X ( C K )  
N A T I  = N C K , * Z + I F I X ( I C K  - F L O A T ( N C K ) + 0 . 0 0 1 ) / 0 . 6 )  
NCR= I F I X ( C P . 1  
N A T  = N C R * 2  + I F 1  X (  I C R  - F L O A T I N C R )  + 0 . 0 0 1  ) / 0 . 6  1 
GC T O  4 1 8  

4 8 3  N O P  =NB 
P k O N  = CK 
GO TO 418 

4 0 0  S L I M  =l. 
GO TO 4 1 8  

COAR =CR 
GO TO 4 1 1  

4 0 4  C Q I K  =CK 
C Q I R  =CR 
I F  (.NB.GT.O) T L I M  =NB 

4 1  1 I F  ( C K - L E .  0. .AND.CR.GT. 0 .  ) WRI  
GO T O  4 1 8  

1 1 7  F O R M A T  l I H O ~ ' I N P U T E ? R O R ~  QMAX 
l ' T H E  E F F E C T  C O N V E C T I V E L Y ' )  

4 0 5  1 r  ICK.LTIO..OR.CL.LT.O.) N U ( 1  
I F  (CK.LE.0.) G O T 0  4 5 1  
NUDS =NUDS + l  
I F  (NUDS.GT.10)  G O T 0  4 1 8  
N W I N U D S  = C K * 1 0 0 . 0 0 1  

4 5 1  I F  (CR.LE.0.) G O T 0  4 1 8  
K JDS =NUJ5 +l 
I F  (NUDS.GT.10) G O T 0  4 1 8  
NM ( N U O S )  = C A * 1 0 0 * 0 0 1  
GO TO 4 1 8  

1 4 1 4  B A 2  =CK 
B A S  =CR 

TE ( 6 9 1 1 7 )  

AND O M l N  MUST 

0 ) = - l  

DEL 

N B A 2  = N B  
i [ , A ? - S P E C I F I C A T I O N  MUST P R E C E E D  THE A I R T E W P  2  S P E C 1  
C O A 2  DAY FOR S U N - C A L C U L A T I O N .  B A S  L A T I T U D 5 e  N 3 A 2  C L  

GO TO 4 1  
4 0 6  I F  1 N B . L E . N I N F )  G O T 0  4 1 2  

I V E R  SOME 

F A T I O N  
OUD COVER 

W ? I T E  ( 6 . 1 1 4 )  
1 1  4  FORMAT (l+lO.'UKONG T I M E S E F I E S  S P E C I F I E D  FOR V E N T *  OR I N F I L T R . '  ) 
4 1 2  A V 1  =l 
4 1 6  U C K  =CK 

MCR = C F  
K G N S  = M D ( M C R )  + I F I X ( ( C R - F L O A T ( M C R )  ) * l o o . )  
K G N B  = Y D ( M C K J  + I F I X ( ( C K - F L O A T ( U O ( )  ) * l o o . )  
I F  ( A V I . E Q . 2 .  l G O T 0  4 1 7  

4 1 5  I V E N ( J )  = N B 1  
GO TO 4 1 8  

4 0 8  4 V T ( Y B )  =CK 
V I N I N B )  =CR 
I F  Ib4B.GT.NVIN)  N V I N  = N e  
GO TO 4 1 8  

4 0 9  C O K ( N B )  =CK 
C f l R ( N B 1  =CR 
GO TO 4 1 8  

4 1 0  I F  lNB.NE.4.ANO.NR.NE. 1 0 )  F E J L  = 3  
T n V T  =CK 
T Y  I T  =CR 
GO TO 4 1 8  

1 4 3 1  H O R M ( N B f 3 )  =CK 
G9 TO 4 1 8  

4 3 2  VAEK ( N B B )  =CK*CR 
GO TO 4  l 8  



G L E V E L  2 1  R U M D A T  D A T E  = 7 8 1 2 5  

F M ( 2 , N B B )  = C P  
GO T O  4 1 8  

4 2 1  C A L L  E I N D ( O M A S ~ l . N D T o 1  . L )  
G O T 0  4 1 8  

4 2 2  C A L L  E I N D ( O M I S , I . N D T I I  + l )  
I F  ( N B . G T . 0 )  T L I M  = N B  
GO T O  4  1 8  

4 2 3  I F  ( N I N F . L T . N R 1 )  N I N F - N B 1  
C A L L  E I N D ( E . I ~ N D T I I * Z )  
DO 4 3 1  J = l . N D T  

4 3 1  I N F L ( N B 1 . J )  = E ( l * J )  
G C  T O  418 

4 2 4  I F  ( N V E N a L T e N B 1 1  N V E N = N R l  
C A L L  E I N D ( E . ~ ~ N D T I ~ . Z )  
DO 4 3 3  J =l .NOT 

4 3 3  V E N T ( N B 1 . J )  = E (  1 . J )  
GO T O  4 1 8  

4 2 5  I F  ( N B . G T . N F L U 1  N F L U = N B  
I F  (NB.NE.IO.AND.NS.GTSNFLX) N F L X  = N B  
C A L L  E I V D ( E X I I I O ~ N D T I N R ~ ~ )  
G U  TO 4  1 8  

4 2 6  I F  ( N B . F O . 1 0 )  N B = 4  
I T  ( N B . G T . 4 )  F E J L  = 3  
I F  (NB.EO.Z.AND.BA2.EO.0. )  F F J L  -3  
I F  r N B . E O . 4 )  T M I T  =O. 
I F  (NB .EO.4 )  T O V T  =O. 
C A L L  F I N D ( E . I . N D T I I . I )  
D O  4 2 7  J = 1  . N O T  

A 2 7  T E X I ( N B 9 J )  = E ( l . J )  
4 1 8  I F  ( F E J L . f O . 1  ) G D T O  4 1  

W T I T t  ( 6 . 9 6 5 )  F E J L  
9 6 5  F O Q M A T  ( 1 H  r : 6 )  

F F F F  =2 
I F  ( F E J L . N E . 3 )  G O T 0  6 2 1  
W R I T E  ( 6 . 1 0 8 )  
GCI T O  4 1  

5 1 1  W R I T E  ( 6 , 1 1 3 )  
1 0 8  F O R M P T  ( ~ U O . ' I N P U T E ? R O R I  I N V P L I D  N U M B E R '  ) 
1 1 3  F O F M A T  ( I H 3 . '  I N P U T E f i G O G .  WRONG E X I T A T I O N  C O D E  ' 

G 3  T O  4  1  
4 3  I F  ( F F F F . C O . 2 )  G O  T O  3 0 0  

C  
C C R O N O L O G I S A T I O N  O F  S P E C I F I E D  D A Y S  W I T H  " B I G "  L I S T  O U T P U T  

DO 958 I=l 9 9  

DO 9 5 7  J = 1 . 9  
I F  lBA2 .NE .O . )  N U 1 1  ) =  B A 2  
I F  ( N U (  J + l  ) .EO.O)  G O T 0  9 5 8  
I F  ( N M ( J ) r L E . N M ( J + l ) )  G O T 0  9 5 7  
N U J  = h C I ( J )  
N M ( J )  = N U (  J + 1 )  
N M ( J + l )  = N Y J  

9 5 7  C O N T I N J E  
958 C O N T I N U E  

C  
C  C A L C U L A T I O N  O F  T O T A L  H E A T  F L l J X  E X C L .  E L E C T R I C  L I G H T  A N D  
C  P O S S I B L E  V E N T I L A T I O N  A I R  

D"J 4 8  J l = l . N D T  
I F  ( T M I T . N E .  0. ) T E X l ( 4 .  J l  ) =O. 
I F  ( f l A 2 . N E . 0 1 )  T E X I ( 4 r J l )  = T E X I ( Z r J l  1 4 T O V T  
I r ( B A 2 . N E . O .  . A N D . ~ M I T . N E ~ O O ~ A N D D T E X I ~ ~ ~ J I ~ ~ L T ~ T M I T ~ T E X I  ( 4 e J l  ) = T M I T  
O h ( J 1 )  = 0 .  
( l C , ( J l )  = 2 .  
DL! 0 7  N J = 1  , N F L X  
> K (  J I )  = O K (  J I  I 4  E X I ( h J . J I  ) * C O K ( N J )  

2 7  O ? ( J 1 )  = O Q ( J 1 )  + E X I ( k J e J l ) + C O & ( N J )  
J =  = 1 1 + 1  
I L Y S ( J 1 )  = € X I (  1 O t J l )  

4 3  C C I Y T I N I J T  

C L A L C U L P T  1 0 4  O F  T O T A L  H E A T I N G  0 9  C O 9 L I N G  E F F E C T  
DO 2 3 2  J = l . Y C T  

1 3 Z  9 ' 4 4 X ( J )  = C M 4 S ( J ) * ( C O A K + C O A ? )  
C 3 Q  = C Q A K  t C 7 A R  
I F  (COO.EO.0 . )  G O T 0  4 1  
C A K  = C O A U / C O ?  
C A R  = C O A R / C O O  
or1 2 3 3 -  J = l  ,NDT 

2 3 3  O M I N (  JP = O H I S (  J ) * ( C Q I K + C C t I R )  
C 3 1  = C Q I K  + C Q l R  
I F  (COO.E( l .0 . )  G O T 0  4 1  
C l  Q = c o l P / c ' J o  
C I K  = C O I K / C O S  
D O  l @ l  a 2  Z 1 . 4  
T E X T (  1 2 , N D T * l  ) = T E X I (  J 2 . 1 )  

1 ' 3 1  C O N T I N U E  - 
L 
C  t ' D ? Y T O J T  O F  T I M E S C R I E S  F O R  I N P U T  T t M P E F A T U F E S .  F L U X E S  A N D  H E A T I N G -  
C A N D  C O O L I N G  E F F E C T S  

C 4 L L  S F L U X ( E X I I N F L X . N D T . ~ M A S ~ O Y I S ~  I Y e I M v  1 9 )  
W r I T E  ( 6 . 7 ' 3 2 )  C O P K O C O I K ~ ( C O K ( N ~ ) ~ N ~ = ~ ~ N F L X ~ ~ C O K (  1 0 )  
W C  I T E  ( 6 . 7 8 3 )  C O A F . C O I U ,  ( c o a ( ~ e )  . N ~ = I  . N F L X )  . C O = (  1 0 )  

7 3 2  F 7 Q M A T  ( 1 ' 1  . 3 0 X . 4 H K 7 N V  r F ? . 4 . ( R F  1 0 . 4 ) )  
7 4 3  F O C ' 4 A T  ( 1 H  r 3 0 X ~ 4 H R A D I  n F 9 . 4 .  ( 9 F 1 0 . 4 )  

PF T I I R N  
3 0 0  STOP 

E N D  



F O a T R A N  I V  G L E V E L  21 S z L U X  D A T E  = 7 6 1 3 3  

0001  S U 3 R D U T l N E  S F L U X ( F X 1  . * F L U . N D T e  O U A S ~ O M I S e  I Y e  I M s I D )  
C  P R I V T 3 U T  3: T I M C S E R I E S  F J R  I I J P U T  T E M P E R A T U R E S .  F L U X E S  &'JD H E A T I N C -  
C A Y 3  C O O L l N G  E F F E C T S  

0 0 0 2  f 3 U M 3 Y  Z ( I M 1  0 0 ( 5 0 ) ~ 3 K ( 5 0 ) r O 7 ( 5 0 ) ~ O M A X l 5 O ) ~ C . M I  1 1 5 0 ) .  
1 T t  l ( 4 . 5 3 ) .  L < . F L f  1 2 . 5 0 ) . V E N T 4  1 2 . 5 0 )  

0003 2 l N F l  . - 
DI hr c ; i ~ ~  EXI ( 1 0 . 5 0 )  . ~ ~ A s ( ~ o ) . o M ~ s (  so ) * N R ~  1 0 )  
D I U E V C a l 3 N  S E x l (  1 0 )  
D i H f  t 5 1 3 N  F L U (  10) 
D A T A  F L U  / I O + ~ H F L U X  / 
D O  1 3  N = l . l O  

1 0  S E X I ( V )  = 0. 
W R I T :  f b . 1 1 1 )  Z 

1 1 1  F D R U A T  ( l H l . l B A 4 )  
M 1 = 1 0  

3 ;  ~i Y ~ I . N F L U  
17 S E X I ( V )  : S E X I ( N )  + - x l f N . I )  

S E X I I  1 0 )  = S E X I (  I O J  +:XI ( i O . 1  J  
1 1  t D Y T I Y L J _  

D O  2 0  h l = 1 . 1 0  
2 0  S % X I ( Y )  = S E X .  N )  * 2 4 . / = L O A T ( N D T )  

I a I T E  (6 .18)  ( L E X I  ( Y ) * Y = l . N F L U ) , S E X l ( l D l  
1 5  F O R M A T  f 1 H  . - A , (  1 2 F 1 0 . 1 ) )  
! 6  F D R U A T  ( 1 H  r l 3 . ( 1 2 F I O . l ) )  
1 8  F D 3 U A T  ( l H 0 . 3 H S U M  . 5 0 X . l O F 1 0 . 1 )  
19 F 3 R W A T  ( I H O .  ' S P E C  l z I E ~  T E M P E R A T U R E S  A N D  F L U X !  S* / / *  W A I R 1  l' 

1 . '  A I 2 1 3  ( A I R T 4 )  O M A X  O M I N  *. ( b ! 4 X . A 4 .  1 2 ) )  J  
- 7 L T U 7 V  
E N D  

S 3 B q D U T T N E  D I S K L ( N U D . V D G )  
C Q E A D 5  W E A T * - - ?  O A T A  F R O M  - O N C E N T I ? A T E D  ' T E S T  R E F E R E N C E  Y E A R *  O N  D I S K  

C f l M M 3 U  / K D R L /  A S ( 5 0 )  . Y l  S O ) . ? N T (  2 4 ) . R 3 T ( 2 4  ) . T T ( 2 4 )  e F F ( 2 4 ) ~ S O ~ S N  
l . Y T O T ( 2 4 ) * T D ( 3 4 ) r N V ( 2 4 )  

D I W E Y S I O N  I A (  3 0 )  
D A l A  I C A . 1 C Y .  I C C . I C ~ ~ l C ~ . I C F . I C C ~ I C H ~ I C I ~ I C J ~ I C K  / l H I . l H 2 . 1 H 3 .  

I I H 4 ~ l H 5 . 1 H b . l Y 7 .  I H 8 . 1 H 9 ~ 1 t i O . l H  / 
C F O R  U E K 3 3 1 V 5  L L D U D  C O V C l t  3 A T A  

Y 3  = v Y ( 2 4 )  

K <  = c + 7  - 4  
J K  = J C 4  i h  - 4  
T T ( J < )  - L O A ~ (  I ~ I K K )  ) / I o .  

C 
C  D E * p L I I N T  T k M ? r < A T J ? E .  ! V  D A T A S E T  I N C Q E A S E D  W l T H  50. 

T D (  J K )  ; - L O A T (  I A ( L K t l  ) ) / l O .  - 5 0 .  
? T 3 T ( J U J  = I A ( < < + Z )  
? U 1  ( J K J  - I A ( * K + J )  
2.41 ( J K )  = I A ( V , K e 4 )  
I A A  = l A ( k K t 5 )  
F F (  JK.1 = I A ( K < + S )  

C 
C  W I 5 5 1 V G  C L l U O  C I l V E Q  15 S J B S l  I T U T E D  RY P R t C E D I N G  V A L U E  

I F  ( 1 A 4 . f 3 . 1 C J )  N Q  = O  
I F  ( l A A . 1 3 - 1 ~ A )  N d  =I 
I F  ( I A A . : 3 . 1 C R )  N O  = ?  

C N  = 9  5 9 3 S T I T u T E D  W l T H  V  = B  
I F  ( I A I . L > . I : I )  N O  = R  

b Y V I  J ' o  = V 3  

V u 3  1 A (  l ) / b O  
NLI; = I  A  ( I 1 - ? J M D C S O  
Y * 3  = \ M D  + l  
M E  l I J I V  
E Y D  



F O R T R A N  I V  G  L E V E L  2 1  S U N R  D A T E  = 7 8 1 2 5  

S U B R O U T I N E  S U N R ( N M D * N D G . N D N * N B A Z . B A Z * B A S )  
C C A L C U L A T I O N  O F  S O L A R  A N G L E S  P E R  H A L F - H O U R ,  AND S U N R I S E  AND S U N S E T  

COMMON / K O R S /  A S ( 5 0 ) r H ( 5 0 l r R N T ( 2 4 l ~ R D T ( 2 4 ) ~ T T ~ 2 4 l ~ F F ~ 2 4 l ~ S O ~ S N  
l . R T D T ( 2 4 )  s T D ( 2 4 1  a N N ( 2 4 1  

DINENSION nu(iz),~(lz1.oa~(i2),Rso(1~) 
D A T A  DM /O . r31 . .59 .  ~ 9 0 .  , 1 2 0 .  , 1 5 1 . ~  1 8 1 .  e 2 1 2 .  * 2 4 3 . * 2 7 3 .  
D A T A  E / . 0 9 ~ ~ 1 2 ~ . 1 4 ~ . 1 6 ~ . 1 8 ~ ~ 2 1 1 . 2 3 1 . L B e ~ l 5 ~ ~  
D A T A  OOR / 2 * . 3 9 ~ 3 * .  0 6 5 r 0 . 0 1 3 * - .  1 2 ~ - e O 6 1 2 * - 3 9  / 
D A T A  R R O  / 2 * . 0 7 8 * 3 * .  1 2 1 ~  1 2 7 * 3 * .  1 4 2 ~ . 1 4 2 * 2 * . 0 7 8  / 

F O P  5 6  DG N O C T H E 2 N  L A T I T U D E  ( S I N a R .  C O S R R )  
S I N B R = S I N ( L O C A L  L A T I T U D E )  ; T O  B E  I N S E R T E D  I N  T H E  F O L L O W 1  

D A T A  S I N 8 9  / O . P 2 9  / 
P J  =OS 0 1 7 4 5  
P I  = 3 . 1 4 1 5 9  
I F  ( e A 2 . E 2 . O . l  G O T 0  1 8 0  

3 3 4 .  

T E Y E  
0 0 0 3  
GOCF 
0 0 1 0  

1 7 9  N N ( I )  = N B A Z  
1 F  (BAS.EO.0.  l G O T 0  1 8 0  
S I N B R  = S I N ( B A S * P J )  

1 8 0  C O N T I N U F  

HT I) i d .  
C  T  I M E E O U A T I O N I  AND L O C A L  T I M E  F O R  C O P E N H A G E N  9.7 M I N U T E S  

: F  (DN.SE.21.)  G O T 0  1 8 7  
T E O  = -2 .6  - . 4 4 * D N  
G 3  TO 1 8 6  
I F  (DN.GE.136.)  G O T 0  1 8 8  
T E O  = -5.2 - 9 . * C O S ( ( D N - 4 3 .  ) *  
GO T O  l R 6  
I F  ( 9 N . G E . 2 4 1  l G O T 0  1 8 9  
T E Q  p - l r 4  + 5 * * C O S ( ( C Y -  135. 
GO T O  1 8 6  
I F  ( D N . G E . 3 3 6 )  G O T 0  190 
T E O  = 6.3 + I O . * C O S ( ( D N - 3 0 6 .  
GO T O  1 8 6  
T E O  = - 0 . 4 6 * ( D N  - 3 5 9 .  l 
CO tlT I H U E  

:AL T I M E  I 5  I N S E R T E D  I N  T H E  F 
T E T  = ( T E O  - 9 . 7 ) / 6 0 .  
T E O  = T E T * P I / 1 2 .  

O L L O W  I N G  S T A T E M E N T  

- . - .  
D C  = D U = P I / l R T . F  
" A  =(?.:' - i r . ~ t . x r r ) c ( r . ~ )  - 0 . 3 7 * r 7 , 5 (  ?.xnC) - ~ ) . I S ~ C ' . : ( ~ . :  >; J 
l + 4 . C O = S I W ( O F  l ) * P J  

S I N V A  = S I N I V A )  
C O S V A  = C f l S l V A )  

C S U N ~ ~ S E  . A N D - ~ U ~ ~ S E T ,  I N C L U D l N G  R E F R A C T  I O N  
T O N  = (  S I N 8 R * S 1  N V A  +O. 0 1  l / ( C O S R R * C O S V A )  
T O N  = ( 1 2 . / P I l * A R C O S ( T O N l  
SO = T O N  - T E T  - 
S N  = 2 4 .  - T O Y  - T E T  

C  S O L A C  H E I G T H  A N D  A Z I M U T H .  P E 2  H A L F - H O U R *  D E G R E E S  
DO 8 0  I =l . 4 8  

S I N U H  = S I N ( H ? )  
A!i = S I h B Q * C O S V A  
A Y  = A N / C O S I H  
I F  ( ( A N t I .  I . L T . 1  

S I N V A  

AY = 4 R C O S (  A N )  
GO TO 7 8 6  
AY = P 1  
AZ = A V  - P I  
I F  ( TP.GT.FI  l A Z  = - A 2  
t + ( I + l )  = H 2 / F J  
A S ( I + l )  = A Z / F J  
I F  ( B A 2 s E 3 . 0 . )  G O T 0  8 0  
E X T  = E (  M D )  
CC =NSA:! 
I F  (CC.EQ.1 . )  C C  Z0 .5  
I F  (CC.EQ.7.1 C C  =7.3 

0 0  2 5  
o o t 3 7  
0 0 8 8  
C C P P  
0 0  1s 
C O ?  I 

a 1  R N T (  J )  =o. 
R D T ( J )  =O. 
R T O T (  J l  1 0 .  

3 0  C O N T I N U E  
R F T U 3 N  
F N D  



F D R r R A U  ! W  G L E V E L  2 1  . : 3 L I N  

O O C 1  S U B R 3 U I  I N E  S O L I  N I  N O P I  

D A T E  = 7 5 1 3 3  

O O i  ') 
0  Q:? 0 
002  1 

C SD,4R H E A T  L O A D  T H R O U G t i  R 0 3 F .  W A L L S  A N D  UINDOWS.  U l T n  S U N S H A D I N G  
C n O R M  = A L T I T U D E  OF H O R I Z D Y .  DC. 
C R l B H  = R I B . A D J A C E N T  T O  W I N D D u r  D I S T A N C E  A N D  P R D T R U S I O N  
C UDHM = C A Y O p Y .  D 1  S T A N C E  AYD P R D T R U S I O N  
C F M  =WINDOW. G L A S S .  H E l G r H  A N D  W I D T I i  
C B E V M  = Y D V A B L E  S U N S t i A D I N G .  S E T T I N G  V A L U E  A Y 0  R E D U C T I O N  
C F 0 2 3 W  = F a A C T I D N  O t  5 3 ~ 4 H  S I V E N  C D N V L C T I V E L Y .  W I T H O U T  A N D  W I T H  S H A D I N G  
C T C K  = R 3 3 F A R E A C I  U - V A L U E )  . V A t K  = U A L L h R E A * ( U - V A L U E )  

Z D M 4 3 Y  / K D ? S /  A5[50).H/50).3NT(24).RDT(24 ) e F F ( 2 4 ) s S O . S N  
1 . 2 T O T ( 2 4 ) . T D ( 2 4 ) . N Y ( 2 4 )  

COMM3Y / I N T E R P /  S O - (  5 0 . 2  . S O L T (  5 0 )  ~ T V I N ( 5 0 l ~ T 0 0 ~ 5 0 1  * T O 1  ( 5 0 )  
1 s H B A ( 4 . 5 0 )  
C 3 M ~ 3 V / S 3 / H 0 9 M ( 1 0 ) ~ W A ~ K ~ I O ) ~ U D t i M ~ 2 ~ l O ~ ~ R I B M ~ 2 ~ l O ~ ~ B E V M ~ 3 ~ l O ~ ~  

I F U l 2 . 1 0 ) . F o ? D M (  2 .  l O ) . V I N (  I O ) . A V T < I O ) . T G K  
D l N E Y S I D N  > ' . ( 1 ( 5 0 ) . S D r ( S O )  
P J  = 0 1 0 1 7 4 f ,  
TR = 0 . 7 6  

I F  ( I * L T . I S O . O Y . I . C T  .I) G O T 0  2 0  
S O - V  :?YT( I ) * S I ' . ' H (  1 :'J) + S D T ( I )  

C S O - 4 R  n E A ,  TH2Go';t. 00 ;  

F  =O.',Sr 4 0 . 4 3 1 1 1 4 N  + 0 . 3 1 3 * 7 A N + Z A N  
I F  ( . ' A Y . L T . - - 2 )  F = 0 . 4 5  

C CORRECT i , ' .  F 0 9  C L ' J U O  COVER 
l =l / 3  

F V  = Z A N  
F K = T ~ * ( I ~ - O ~ D ~ * ~ V I / I O O ~ ~ - ~ ~ ~ ~ ~ * ~ V I / ~ O O O ~ * ~ ~ + ~ ~ ~ ~ * ~ Y ~ / ~ O O ~ ~ * * ~ ~ :  

16 I F  ( H (  I).LT.tiCli?M( I P ) )  GOTO 17 
S O L D  = S N T I  1 1  C F V  -. 
D I F R  = s D L v * o . ~ ~ ~  
SO TO 16 

C 5 0 .  t i E A T  THROUGH W A L L S  
l b , . :LT(  1 )  z S O L T ( 1  I + ( S O L D  + U I F D  + D Y F R ) + V V K  

C F 1  X L > .  J U T S 1  D E  S U N S H A > I V L S .  C A N D P I  L S  A N D  V E R T I C C .  ! B 5  
F M H  = F M 1  1. I P I  

A S J  = l -  
n 5 ?  =:- 
4 I ) J  =I. 

~ S J  = ( F H H  -UDHF / L O T A  + U D i A ) / F M H  
I F  (ASU.GT.1.)  A S U  - 1 .  
I F  (ASU.LT.0 . )  A S U  =". 
T S  = U D Y F / (  UDHS + F u i / Z .  
A 3 J  = 1 . / 5 3 7 1 ( 1 . + 1 5 * 1 ; )  

7 1  I F  (H IHF.LE.0 . )  G O T 0  7 2  
Q 1 3 A  = 3 1 B ~ ( I . I P I  
A S S  = 2 I Y F  * T * Y 1 X )  
A S P  : (i M b  + a t 3 4  - 4 B 5 ( A S S )  ) / F M 8  
1 -  (Asa.;T.1.) A S R = l .  
I F  AS~.LT.O. ) ASR=O. 

7 2  A S J  = A S U 1 A S 9  

C M S V 4  ! S . .Y? , ' 'Z ;> ING 
: 1 ~ 3 1 . ~ . ~ r . b t v r (  3 .  I ? )  1  N A F  = 2  

.) = F 3 ? 3 M L  NAF. 1 9 1  

C  I N S I D E  S J R F A C E  3 F  WINDOW. OVERTEMI '  . - I U R E  
T V I N (  1 )  = SOLG*BEVM(NhF.IP)+O.OO~~ 

1 0  C T ) Y T I Y U E  
20 C L I Y T I  H U E  

RET U R Y  
E Y D  



F O R T R A N  I V  G L E V E L  21  A 3  W 2  D A T F  = 7 6 1 3 3  

S U J W J U T I  Y E  A D M Z I  I M . Y D P . N A T l  r N A T . T H O O . T H O l  ) 
A D M I N S T A A T I  JN OF O U T ? J r  T A B L t S  
N D P = - l  G I V Z S  T A I L E S  W I T H  R 3 0 M  A 1 2  T E M P E R A T U R E S  

0 G I V E S  F U . I T r l t ; ) M U A E  D > c a A T I V t  T E V c ' R A T U R E  ( A I R  - S U Q F A C E  HEAP,) 
1  1 3 R  2 . 3 . 4 )  G I V E S  F U ' ? r H E a M 9 4 t  L . I E M e  T O W A R D S  W I N D O W  1  1 2 . 3 . 4 )  

C 7 Y U 2 ' J  / A D ] /  1 1 '  - 1 6 . 3 0 . 1 3 ) . r t - ( A ( 5 U ) . T H O I  ~ ( , ) . T r 2 1 5 C )  . S U M 1 1 1 .  1 3 )  
l . ,  i q ( L . 2 . 1 3 )  

- i ~ i i o  = : 9 . ~ 9 1 9 . i .  
T H D  l =-a93 W'). 
D 3  1 0  I = 2 . 4 7  
I F  ( V D P )  1 1 . 1 2 . 1 3  

11 J = I  
R 0 3 U  A .  ? T f  u 2 E R A T U t I t  

T J  = T H ? ( I )  
GO T O  16 

1 2  J = 3  
O P E a A T I V E  T 5 U P E 7 4 T U R c  T O W A ? D S  U A L L S  

T  J  = T D C l  I ) 
: ,  ( T J . G T . T ~ + O O )  7n03 = T J  

I F  l I T . G T .  50) I T = 3 0  
I T I E L (  J .  : T . I H )  = I T & _ - I  J .  I T .  I M )  + l  
I F  I G L l r l J . 1 . I M ) . G T , T J )  . I  T M l J . l . I M )  = T J  
I F  I G L ! ' . ' :  J.2r l M ) . L T . T J )  M1 J . 2 , l M )  = T J  

-. - - 
I F  I I . L T . Y A T I . U R I I . G T . N A T )  G O T O  1 2  

C O P E R I T I V E  T E U P F q A T U H E  T O W A R D S  U I N D O W  
1 1  = T . 7 1 1  1 )  

I F  I G L I U ( J I Z . I M ) . L T . T I  G L  I M l J . Z . I M )  = T 1  
C D I F F E R E V T I A -  D P E R A T I V E  T - Y + ' t  ' 4 T U 4 E  W I N D O Y  - W A L L S .  

rx = ~ i  - ( T H ~ I  I )  + T H ~ '  1 )  . 

R E T U R V  
€ V D  

F O R r R A W  I V  G LEVEL 2 1  I H P O L  D A T E  = 76133 

S U Y R 3 U T I  Y E  INPDLf N U L T . T O V T . T Y 1  T )  
C I N T E R ' D L A T E S  U U T D O O R  A I R  T E M P -  A N D  V E N T I L 4 T I O N  TEMP.. H A L F - n O U R  VALUE 

COMMON T ( 1 8 ) .  0 0 ~ 5 0 ) ~ 0 K 1 5 0 ) ~ 0 ~ 1 5 0 ) ~ O M A X f 5 0 ) ~ O M I N I 5 0 ~ ~  
1TEX1(4.50).lNFL(12.50).VENT(12.50) 

C 3 M M 3 Y  / K O R S /  
l.RTDTI24l.TDl24j.NU(24~ 
R E ~ L  Y U L T  
D D  1 1 1  1 = 2 . 2 4  
1 3  = I * 2  
I2 = I 3  - 1  

END 



F O R T R A N  I U  G L E V E L  2 1  U 3  S K R  D A T E  = 76133 

0 0 0 1  S g Y R 2 U T I H E  U D S K R ( N O P s V A T e N A Y 1  e I Y . I M . I D )  
C P R I N T O U T  0; M O t t . i L Y  A N 3  V E A R L Y  T A B L E S  

0 0 0 2  C D W Y J U  .? (AB)  
0003 f D M U 3 Y  / A D ] /  I T A E , 1 6 . 3 0 . 1 3 ) . T H A ( 5 0 )  . T H O ( 5 0 ) * T H P ( 5 0 )  * S U M (  l 1 0  13) 

l . G L I U ( 6 ~ 2 ~ 1 3 )  
0 0 0 4  3 1 4 E Y S I 3 ' 4  N C ( 3 ) . C ( 1 1 ) . 1 5 ( 1 2 )  
0009 D I U E Y S I D N  F R A L ( 3 . 1 3 ) . L D ( f ,  J . L F ( ~ ) . L S ( ~ ) ~ I T O T ( ~ O )  
O O O b  D A T A  L D e L F s L S  /5 *  l O . - I O . ' . +  1 2 s  - 8 . 5 8 4 0 . 2 0  / 
0 0 0 7  D h T A  VC / 1 0 . 5 0 . 9 0  / 
0008 D A T A  C / 4 H  0 . 4 H O -  . 4 r ( O t  e b H P 2 1 M . 4 t l T O T  .OHSOL . 4 M E L Y S . 4 H L I N  

I 4 H  * 4 H M C A L . b H K W H  f 
c 
C N t : 1 1  G I V E S  U ' J I T S  KWH. Y I = l O  ; I V E S  U N I T S  M C A L  

0009 * E = 1 1  
0010 l S U M  - 0  
001 1 A N A T  =24. 
001 2 A N A T I  no. 
0013 D O  3 3  J ~ 1 . 6  
0 0 1 4  * R I T E  f 6 . 1 1 1 )  Z . I Y . I Y , I D  
001 S l 1 1  F O R M A T  ( I t i I . l B A 4 , 4 H  1 9 r I 2 ~ 3 H  - s I 2 e J H  - . I 2  J 
0 0 1 6  1 3  I F  ( J - :  < - 2 )  W R I T E  ( 6 r 4 0 )  A N A T I e A N A T  
0 0 1 7  ' I F  (J . r3.3.0:<.J.EO.4)  * R I T E  ( 6 . 4 1 )  A N A T I S A N A T  
001 8  I F  ( J r E 0 . 5 )  w l I T E ( 6 . 4 2 )  N O P . A N A T 1 . A N A T  
0 0  I ' i  I F  ( J . E O . 6 )  W Q I T E ( 6 . 4 3 )  N 0 P . A N A Y I . A N A T  
0 0 2 0  4 0  F O R M A T  ( l H O . ' A I ~ T E M P ~ R A T U R E .  F R O M  * .FS.2. * T O  *rF5.2 
002 1 4 1  F 3 2 U 4 T  I 1 H O e 1 O P E R L T I V Z  T c M ? E R A T U R E  TOWARD W A L L S .  F R O M  ' 0  

1 F 5 . 2 . '  T O  ' .F5.2 
0 0 2 2  4 2  F O 2 Y A T  ( I H O . ' O P E R & I I V E  T E M P E R A T U R E  TOWARD W l N D O W  @ . I Z e @ .  FROM ' 

1 F 5 . 2 . '  T O  ' e F 5 . 2  ) 
0023 4 3  F 3 4 4 A T  ( I Y O I ' D ! F F E 3 ~ Y I I A L  O P E R A T I V E  T E M P -  W I N D O W  * . I Z . '  - W A L L S  

l' F R J M  ' r F 5 . 2 1  T O  r,-5.2 ) 
0 0 2 4  W R I T :  ( 6 . 1 5 )  
0025 ~ ~ F D R U A T ( ~ H O . ' H A L F - H O U R S ~ N  J A N  FEB MAR APR M A Y  

l V J U N  J U L  A U L  S f P  D C 1  M O V  DEC Y E A R  * / / ) 
0 0 2 6  D O  I 1  Iz1.30 
0027 I T 3 T (  I) =l 
0 0 2 8  D D  l 2  K = l . l 2  
0 0 2 9  1 F  ( ~ L I M ( J ~ I ~ ~ ~ ) . G T I C L I M ( J ~ ~ ~ K ) )  G L I M ( J . 1 . 1 3 )  X G L I M ( J s 1 . K )  
0030 I F  ( G L I W (  J.2.1 3 ) . L T e S L I M (  J.2.K)  G L l M ( J . 2 . 1 3 )  = G L I M ( J . 2 . K )  
U 0 3 1  12  I T A E L (  J. 1 . 1 3 )  : I T A E L ( J . 1 . 1 3 )  t I Y A E L ( J . 1 . K )  
0 0 3 2  11 C O N T I N U E  
0 0 3 3  30 4 7  1 = 1 . 3 0  
0 0 3 4  I F  ( I T A E L (  J . I . 1 3 ) e N Z . O )  S O T 0  48  
9 0 3 5  4 7  I 1 3 1 ( 1 )  =O 
0 0 3 6  48 C O N T I N U E  
0 0 3 7  D 3  4 9  I = 1 . 3 0  
0038 I R E 5  = I T A E L ( J ~ ~ I - I . ~ ~ )  
0039 I F  ( I R E S . N E . 0 )  G O T O  5 0  
0 0 4  0  4 9  I T O T ( 3 1 - 1 )  =O 
0 0 4 1  50 C D Y T l V U E  - 

C 
C P R I N T O U T  O F  D I S T ? l B U T I D Y  OF V A L U E S  

I F  ( I T D T ( l f . E O . 1 )  W R l T E  (6.19) LF(J)~(ITAEL(J.l.JX)eJU=Ie13) 
19 F O R M A T  (6H B E L O W  e 1 3 v 4 t - i  G D C . 1 2 ( 1 6 . I X ) v I 8 )  

D O  26 K z 2 . 2 9  
I F  ( I T D T ( K ) . E O .  ' )  G O T 9  2 6  
c, = I D (  J)  +K 
u = L L + I  
W R I T E  (6.25)LL.Y.(IT45L(J.K*JX)~JX=11131 

2 5  E O R Y A T  ( 1 H  . ? X ~ 1 3 . 3 H . O - r 1 3 . 1 X ~ l 2 ( 1 b ~ 1 X ) ~ I 8 )  
2 6  , O V T I V U F  

I F  ( I T O T ( 3 0 ) . E O .  I) W R I T E  (6.28) L S (  J ) . ( I T A E L (  J * 3 0 . J X ) e J X = l e  13)  
28  F O R M A T  ( 6 H  O V E R  .I A s 4 H  G D C I  1 2 (  I 6 . I X )  e l 8 )  

A N A T  F L O A T (  N A T  - ( V A T / 2 ) ; 2  1 1 0 . 3  i F L D A T ( N A T f 2 )  
A Y A T I Z  F L O A l ( N A T I  - ( Y A T 1 / 2 ) * 2 ) * 0 . 3  + F L O A T ( N A T I / Z )  
I F  i J a E 3 . 2 )  GOlO 3 4  
I F  ( J . E S . 3 )  G O T O  3 3  
I F  ( J - G T e  J )  G O T U  3 5  

c - 
C P R I U T ~ U T  J F  MONTHLY A Y >  V S A ~ L Y  M Z A N  AND suns 

W R I T E  ( 6 . 1 0 5 )  
105 F O - 3 ' 4 4 1  ( l H O . ' M E 4 N ,  > i G Q Z E  C E N T 1  G R A D E  * 

D D  2 4  I = 1 . 1 2  
S . ) * ( 5 , l  = S U M ( Q . I )  t S J U ( 3 . I )  
S U 4 (  1 . 1 3 )  = S U Y I  1 . 1 3 )  * S U M ( l . I )  
D 3  2 2  K = 2 . 8  

V A - l \ l -  =SUM( ' , . 4 )  
D 3  1 0 1  VV:I..3 

101 V A R M Z  = V A ? M t  + S 3 M (  5 . V V )  + S L J M ( S . N V t 9 )  
W R I T !  ( b . 1 2 3 )  t S U ~ ( l ~ ~ ~ ~ K ~ 1 ~ 1 3 ) ~ ~ C l l ~ . ~ C l I ~ ~ C ~ N E ) ~ ~ S U M ( I ~ L ~ e  

1 - = 1 . 1 3 ) .  I = Z .  7 )  
L 2 3  F O Q M A T  I l l  l l X . 1 2 F 7 . 1  . c 9 - 1 / / (  2 A 4 . 1 X . A 1 . 1 2 F 7 . 1 ~ F 9 . 1  / ) J  

V R l  T: (b. 1 2 4 )  ( I S ( L ) . K = l  . 1 2 ) . 1 S U M  
1 2 4  F J ? W 4 T  ( 1 t i  . 1 4 H U V O .  M A L F 1 0 U ? S . 1 4 ~ 1 1 1 7 s 1 9 )  

W R I T E  ( 6 . 1 0 2 )  V A R Y 5  
1 0 2  F O R M A T  ( l H O . ' O T O T  U f T 3 3 E R  - A P ? I L  IN:! e * , F 1 0 - 1  

G 3  7 3  33 
3 4  4 U A T  :24. 

A N A T l =  0. 
35 C O V T I U U :  

c 
C C A L ~ U L A T I O V  A N D  P R I N T D U T  D F  F S A C T I L E S  F O R  J=2 .4 .5  A N D  6 

C A L L  F R A K T f  J. F R A K  1 
w s i r :  
F 3 H ' r i  
l 2  f . ' Y  

- U 0 9  
I F  (.. 
C O V T l  
L O U T  l 
9E TUR 
E V D  

U U E  
V U E  
Y  

( N C ( N y )  
/ / 2 4 H  - R  
4 X . F 5 .  i 
NOP - 4  
0 )  G O T O  

MM)  .MU=1 . l 3  
' E M P E R A T U R E S  



F O d T R A N  I V  C L i V E L  2 1  F R A K T  D A T E  = 7 s 1 3 3  

5 U 3 R 3 U T  1 N E  F 7 A K T (  J e ' R A K  1  
C  C A L C J - A T I O V  OF F R h C T I L f S .  ' '  i i / O .  5 0  0 / 3  L : , )  90 O / O  

C O M M O N  / A 3 1 . '  l T A E i ( 5 . 3 0 .  ~ . T H A ( 5 O ) . T H 0 ( 5 0 1 . 7 ~ . ? ~  ' , O l . S U M t 1 : . 1 3 )  
1 . 5 ' - 1 ' 4 ( 6 . 2 . 1 5 )  

O l c l E Y S I O N  I T (  3 D > . F ; l A r ( i  l.: 3 )  
R E A L  I T  
G 5  =O. 
I F  ( J a E 3 . 6 1  56 = - 2 0 .  
D 3  l 1  M - 1 . 1 3  
1 1 (  1 1  = I T A E L ( J . l r M I  
D O  1 0  I = 2 r J O  

1 0  I T ( 1 1  = I T ( l - 1 )  * F - D A T ( I T A E L I J I I . H ) )  
DD 1 2  1 1 = 1 . 3  
A V  = l T ( ' i : l . .  ' I  l * . , . 4  -0.3) 
D O  1 3  ' - 1  1 0  

1 3  I F  ( A V . ; r . : l ( I l )  It =I c l  
C  S T R A I G H T  9 3  C V I V E D  I N T E R P O L A T I O N .  D E P E N D A N T  O N  T H E  C U R V A T U R i  O F  
C  T H E  A D J A C E N T  S i ; Q  N r S .  

I F  ( I t - L T . 3 r O R . i C - S T . 2 8 )  G O T O  1 0 1  
A = I T ( ;  - i ' )  
> = I T (  1 1 )  

94 C  = I T [  I - )  
D = I T ( I C - 1 )  
L C  = F L 3 A T I  I C )  *I l. + G 6  

. r t  = S E  - 1 .  
: ( G L I M L J *  L e M ) . G T . G B )  :B = G L I M (  J v 1 . M )  
I F  ( G L I U ( J . ? . M ) . L T . G Z )  ,C = G L I M ( J . 2 . M )  
33 9 0  1 : l . l U  
4 4  = ( F L O A T (  1  I - O - S ) * O . l  
X A  = 8 t A Y C ( B  - A )  
X 9  = C  - ( I . - # , " ) * ( D - Z )  
X'] = O . S * A M * f  I .  - A M l * ( 3  + C  - A  -0)  
X %  B t A V * ( C  - 3 )  
X X  = X M  + X ?  
X 4 3  = 2 C 3  - A  - C  
X D O  = ? * C  - D  - 3  
I F  (XAO.EO.O. .OR-k J3.ZQ.O..OR,XR.EO.O-) G O T 0  51 
X 1 3  = X A 3 / X O O  
I F  ( X A D . L T . 0 . )  G O 1 0  51 
I F  (XR.ST .O .1  G O T 0  5 3  
I F  (XX.GE.XA.AN0.  X X . S ? . X D I  G O T 0  52 
X X  = X A  
I F  ( X D . G T . X A )  X X  = X 3  
G O  T O  52 

53 I F  ( X k - L E . X A e A N O - X X ~ L E - X  G O T 0  52 
X X  = X A  
' F  1 X D . L T . X A )  X X  = X 0  
G 3  T 3  52 

5 1  X X  =XM 
52 I F  ( X X . G T . A Y )  G O T 0  91 
9 0  C O Y T I N U E  
91 4 N N  = F L 3 A T ( l - l  )*(GC - G B I C O . l  + G B  

G9 7 3  92 
101 I F  ( I C e Y E - 2 . A N D . I C . Y E . 2 9 1  G O T O  102 

A  = I T ( I C - I  > 
D = I T ( I C )  
G 7 T 9  9 4  

1 0 2  n u *  =993959. 
92 F 4 4 K ( l l r M )  = A N N  
1 2  C O N T I N U E  
1 1  T : ) U T l Y i l E  

: < L T U < U  
' 

F O R T G A b  I V G  L E V E L  2 1 
-2:- O A T E  = 7 8 1 2 5  

S U B 2 O U T I N E  TAP,( NMDe N D G I  
C  R E A D S  W E A T h E R  D A T A  F R O M  ' T E S T  R E F E R E N C E  Y E A R '  O N  T A P E  

COMMON / K O R S /  A S ( 5 0 l . H ( 5 O ) . R N T ( 2 4 l r f t D T ( 2 4 ) ~ T T ( 2 4 ) I F F ( 2 4 ) e s O ~ ~ N  
1 T R T O T ~ Z ~ )  . T O (  2 4 )  . N N ( 2 4 )  

D A T A  ICA.ICB.ICC.ICD.ICE.ICF.ICG.ICH~ICI~ICJeCK / I H l e l H 2 r l H 3 e  
I l H 4 ~ l H 5 r l H 6 ~ l H 7 ~ I H B 1 1 H 9 ~ 1 H O ~ l H  / 

C F O R  D E C O D I N G  C L O U D  C O V E R  D A T A  
. . - . . . - . 
D O  1  J = l n  24 
R E A D  ( 1 . 5 1  I l. 12.13~14.15rIAA~I6.NWD~NDG 

5 F O R M A T  ( 2 1 4 ~ 1 5 X ~ 3 1 3 ~ 3 X 1 A I s 2 X ~  1 2 ~ 3 4 X ~ 2 1 2 ~ 2 X I  
T T (  J ) =  F L O A T (  I I ) / l O .  

C  
C  H I S S I N G  C L O U D  C O V E R  I S  S U B S T I T U T E D  B Y  P R E C E D I N G  V A L U E  

I F  ( 1 A A . E O s I C J I  N Q  =O 
I F  ( I A A . E O . I C A 1  N O  =l 
I F  ( I A A - E O .  I C B )  N O  =2 
I F  ( I A A - E O .  I C C  l N O  =3 

- 
C  N  =9 S U B S T I T U T E D  W I T H  N  =8 

0 0 2 3  I F  ( 1 A A . E O . I C I I  N O  =8 
0 0 2 4  N N ( J l =  N O  
0 0 2 5  1  C O N T I N U E  
0 0 2 6  R E  T U R N  
C 0 2 7  E N D  



BA4 PROGRAM. Example o f  i n p u t  c a r d s  and o u t p u t  

I n p u t  Cards:  

~ T E  C; 
IT& *Q. 
IT" 1 0. 
l""r;140, 

b lank  
e x  ~ ' z h t ~ o r l s  I 

I 
. .W..- . 

(i. E; 

I 
+ 

IA'"T$tF' 4 0. 
--F---. - --- - -- 

- > [ l .  

FLUX 1 
I 

FLUX 1 0 . 5  0.5 
.- -- - - -. - - - - -. - - --- 

ELLVS 100. 
FLUX 1 0  

25. d, --- - 
.i. - c 

- . - . -. - - - - 
F L [A::.: - C 

1 0 Cl. -1 1). -1 
- - - - -  ~E%?T-K -.- - - 

2 l., 
I 

I Q a  I1 
I "."!I .3 it , 

I 
I 

I ( 2 .  "1 I 6 0. 
6. l:! 

l 
116'. 1 l:! 1 

.l - 
I 

1 1 ~ .  2 9  1 2 l> . 
1E4. 1 1  36 .  

I 
I 

I IQM"" I I 3 (i (t , 
24. I :a ( r  ( I  (i . 

6 a 11::; 12, Cl1 

1 



...,- . P r i n t o u t  f rom run: 

KDNTROLBEREGNING BA/HL, M A J  1974. REFE2ENCEAAH T i t l e  

VINDUE 1 

HORISONl 0 

BEVeAFSK 1 

FORDEL I 

AIRCEMP l 

: A I R T E M P  Q 

FLUX 1 

FLUX 1 

ELLY S 0 

F L UX 10 

FLUX 10 

V E N f  0 

0.0 
6.10 
6 . 2 0  

18.S0 
1 8 e 2 0  
24.00 

5 DPER 1 

U U D S K R I V  0 
l I 

LAB. FOR V A ~ M E I S O L E R I N G I  D f H .  PROGRAM B A 4 t M A J 7 6 8  

Y e a r  Month Day of job r u n .  
1976 - 5 - 13 

R o o m  data. 

C o ~ v ~ c t  ivc p a r e  w/tho(ct and W/&& r ~ ~ - t ~ 4 q d / j ?  

D ~ S / ' P L ~  & / > L c ~ - r ; i e r a t r ; c r c  , XCL m t  ,uQ;qe 
3 

C G n l / e c i t / ' ~ ~  and f a d t ' a t / . v c  part 

MAX h e a t  L o a d  , 6)-m C ser t'e 

0prratiL-e temp. a d  d/r-=ctic9ional opcret,'ve +&.p. &sired  
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K O N T R O L B E R E G N I N G  BA/HLT MAJ 1974. REFERENCEAAR 1976 - 5 - 1 3  

HALF-HOURS I N  J A N  FE6  WAR A P R  MAY JUN J UL AUG SEP DCT NOV DEC 

- MEAN. DEGREE C E N T I G R A D E  
21.0 21.0 21.0 21.0 21-2 22.0 2200 2107 21.1 21.0 21.0 21.0 

Q O -  KIH 000 0.0 0.0 0.0 0 e 0 0.0 0.0 000 0.0 0.0 010 0.0 

Q P R I Y  K I H  000 01 0 000 0.0 010 000 0.0 0.0 0.0 0.0 000 0.0 

OTOT KWH 830.2 805.1 738.8 513.8 271.6 74.2 68.9 89.7 185.4 433.6 637.2 91705 

OSOL CUH 54.0 73.0 122.1 152.1 153.6 162.7 154.6 136.9 11308 7408 43 -4  42.6 

Q E L Y S  KWH 28.9 15.7 9.0 2.1 1.5 0 4 0.0 l07 5.9 1605 2516 29.7 

UVQ.  H A L F H D U P S  0 . O S 0 0 0 0 0 0 0 0 0 Q 

YEAR 
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THERMAL I?JSULATION LABORATORY 27. November 1981. 

Modifications in the BA4 programme 

October 1981  

The BA4 programme has been modified to enable its use for the 

"Short Reference Year" research programme. A few other modifi- 

cations have also been included at the same time. 

The new version (October 1 9 8 1 )  contains all the facilities from 

earlier versions (April 78 or November 80). Input data for 

earlier versions can be used without any change with only a 

few exception. 

This paper gives the modifications only and must be considered 

as an appendix to "BA4 Users Guide", 2. edition 1979. 

The new facilities are: 

- week and weekend programme for loads, schedules, light and 

ventilation rates. 

- a new specification of deadband between heating and cooling 

setpoint, and throttling ranges. 

- termostat setpoints specified as room air temperature alone, 

or a combination of room air temperature and radiation 

(surface) temperature 

- printout of some daily max loads 

- latitude and local time (longitude) 

- calculation with multiyear periods, selected shorter periods 

or "Short Reference Years" and weighting of results to full 

months or year. 

The only limitations regarding earlier input data are: 

- cooling to a setpoint other than AIRTemp 1  is now specified 

with T-STat instead of QMIN NB 

- VENT 1  and VENT (blank) overrides each other 



.Weekend programmes 

The programme c a n  h a n d l e  t h r e e  s o r t s  o f  d a y s :  

Weekdays, S a t u r d a y s  and Sundays.  

The f o l l o w i n g  new t y p e c a r d  i s  u s e d :  

(FORMAT: A 4 ,  5X, 1 2 ,  2F10.3) 

T h i s  t y p e c a r d  c a l l s  t h e  weekend programme. I f  t h i s  t y p e c a r d  i s  

n o t  p r e s e n t  a l l  d a y s  a r e  handled  a s  weekdays.  

NB Week-day-number o f  t h e  f i r s t  day  on  t h e  wea the r  f i l e  ( e . g .  

J a n u a r y  1 i n  t h e  T e s t  R e f e r e n c e  Y e a r ) .  1 = Monday, 2  = 

Tuesday,  e tc .  D e f a u l t  v a l u e  = 7 = Sunday. 

CK Time f o r  swi t ch -o f f  of  d a y l i g h t - d e p e n d a n t  e l e c t i c  l i g h t  

(FLUX 1 0 )  o r  S a t u r d a y s .  (Blank  i s  r e a d  a s  0 .0 )  . 
CR I t e m  f o r  Sundays .  , 

I f  KEEKend i s  s p e c i f i e d  a  number o f  p a r a m e t e r s  ( t y p e c a r d s )  c a n  

b e  s p e c i f i e d  w i t h  a  weekend programme. They a r e :  

AIRTemp 1 ( d e s i r e d  room t e m p e r a t u r e )  

FLUX 1 ( h e a t  l o a d  t o  t h e  room) 

VENT 1 ( v e n t i l a t i o n )  

QMAX l (max. h e a t i n g  e f f e c t )  

Q M I N  1 (max. c o o l i n g  e f f e c t )  

A-TID 1 (working  h o u r s ,  u sed  f o r  o u t p u t  p u r p o s e s )  

NB = 1 i n d i c a t e s  t h a t  t h e s e  a r e  v a l i d  f o r  weekdays,  Monday t h r o u g h  

F r i d a y ,  and t h e y  must  a l l ,  b u t  A-TID, be  f o l l o w e d  by t i m e  series 

( a s  p r e v i o u s l y )  . 
AIRTemp 6 ,  FLUX 6 ,  VENT 6 ,  QMAX 6  and Q M I N  6 a g a i n  f o l l o v ~ e d  Ly 

t i m e s e r i e s ,  and A-TID 6, g i v e  t h e  Sa turdayvalues ,  and AIRTemp 7 e t c .  

g i v e  t h e  Sunday v a l u e s .  



AIRTemp 0 ( o r  b l a n k )  w i l l  be  r e a d  a s  AIRTemp 1. The same a p p l i e s  

t o  t y p e c a r d s  w i t h  FLUX, VENT, QMAX, Q M I N  and A-TID,and a l s o  INFI 

( i n f i l t r a t i o n ) .  

I f  MEEKend i s  s p e c i f i e d ,  S a t u r d a y  and Sunday v a l u e s  f o r  AIRTemp, 

FLUX, VENT e t c .  must  be g i v e n ,  o t h e r w i s e  t h e  c o r r e s p o n d i n g  t ime-  

se r ies  w i l l  be  ze roed .  

Remarks : 

1) AIRTemp 2 ,  3, 4 o r  5 ,  and FLUX 2 ,  3 e tc .  c a n n o t  be used  f o r  

g i v i n g  s p e c i f i c  v a l u e s  f o r  Tuesday,  Wednesday e tc .  Only S a t u r -  

d a y s  and Sunclays and t\ree>;days c a n  be  s p e c i f i e d .  Only AIRTemp 1 

and FLUX 1 c a n  be  changed by a  weekend programme. 

AIRTemp 5  and FLUX 8 and 9 a r e  n o t  a l l o w e d  and w i l l  c a u s e  a n  

e r r o r  message.  

2 )  VENT 2 ,  3  e t c .  c a n  s t i l l  b e  used  f o r  chang ing  VENT 1 f o r  week- 

d a y s  t h r o u g h  s p e c i f i e d  p a r t  o f  t h e  y e a r .  

3 )  No weekend programme i s  i n c l u d e d  f o r  I N F I l t r a t i o n .  

4 )  QXAX 2 ,  3 ,  4 and 5  and Q M I N  2 ,  3 ,  4 and 5 have no meaning and 

w i l l  c a u s e  a n  e r r o r  message .  

5 )  The p r e v i o u s l y  used  s p e c i f i c a t i o n  o f  a  c o o l i n g  t e m p e r a t u r e  

t h e r m o s t a t  s e t p ~ i n t ~ d i f f e r e n t  f rom t h e  h e a t i n g  se tpo in t ,QMIN 

NB,  where NB was t h e  c o o l i n g  s e t p o i n t ,  i s  no l o n g e r  u s e a b l e .  

See  t h e  f o l l o w i n g  d e s c r i p t i o n  o f  t h e r m o s t a t  programme. 

I f  t h e  WEEKend t y p e c a r d  i s  n o t  s p e c i f i e d ,  AIRTemp l ,  FLUX l e tc .  

w i l l  be  used  f o r  a l l  d a y s .  

L a t i t u d e  

The t y p e c a r d  LATItude g i v e s  t h e  g e o g r a p h i c a l  l o c a t i o n  and t h e  

t y p e  wea the r  i n p u t  d a t a :  

LATI t u d e  NB CK CR 

NB Weather d a t a  readin( ;  s u b r o u t i n e  

1 ( d e f a u l t  v a l u e )  s p e c i a l  c o n c e n t r a t e d  "BA4-format", 

T e s t  Re fe rence  Year (TRY), S h o r t  R e f e r e n c e  Year (SRY) o r  

s e v e r a l  y e a r s .  



2 F u l l  T e s t  R e f e r e n c e  Year f o r m a t  ( D a n i s h ) .  

( 3  S p e c i a l  f o r m a t ,  f o r  1 5 - y e a r - d a t a s e t . N o t  i n c l u d e d  i n  t h e  

p r e s e n t  BA4 programme. Can b e  used  f o r  u s e r  d e s i g n e d  i n p u t  

f o r m a t s ) .  

CK l a t i t u d e .  d e g  N o r t h .  ( N e g a t i v e  v a l u e  f o r  s o u t ? : ~ r n  h e r . ~ i s p h e r e )  . 
D e f a u l t  v a l u e  56  deg  N ,  Copenhagen) .  

CR L o c a l  t i m e ,  m i n u t e s .  L o c a t i o n s  w e s t  o f  t i m e  zone l o n g i t u d e  ne- 

g a t i v e  s i g n ,  e a s t  o f  t i m e  zone l o n g i t u d e  p o s i t i v e  s i g n .  D e -  

f a u l t  v a l u e  - 9 . 7  m i n u t e s ,  Copenhagen. 

S h o r t  R e f e r e n c e  Year 

T h i s  t y p e c a r d  c o n t a i n s  s p e c i f i c a t i o n s  o f t e n  used  i n  c o n n e c t i o n  

w i t h  r u n s  w i t h  S h o r t  R e f e r e n c e  Years (SRY). I t  i s ,  however ,  n e i t h e r  

manda to ry  n o r  e x c l u s i v e l y  used  w i t h  SRY-runs. 

S  RY NB CK 

N S  P r e s e n t a t i o n  o f  mon th ly  o r  t r i m o n t h l y  o u t p u t .  D e f a u l t  v a l u e  1. 

1 Monthly sums f o r  t h e  a c t u a l  number o f  d a y s  computed.  

2  T r i m o n t h l y  sums f o r  t h e  a c t u a l  number o f  d a y s  computed.  

December t h r o u g h  F e b r u a r y  p r i n t e d  a s  J a n u a r y .  

March t h r o u g h  May p r i n t e d  a s  A p r i l .  

J u n e  t h r o u g h  Augus t  p r i n t e d  as J u l y .  

September  t h r o u g h  November p r i n t e d  a s  O c t o b e r .  

3 A s  1, b u t  w e i g h t e d  t o  a  f u l l  month (23-31 d a y s ) .  

4 A s  2 ,  b u t  we igh ted  t o  a  f u l l  s e a s o n .  

CK Number o f  r e p e t i t i o n s  o f  t h e  f i r s t  d a y  i n  t h e  d a t a s e t  - TRY o r  

SRY - i n  o r d e r  t o  remove t h e  i n i t i a l  t r a n s i e n t s  i n  t h e  r e s u l -  

t i n g  t e n p e r a t u r e s  and  l o a d s .  D e f a u l t  v a l u e s  0. 

T h e r m o s t a t  programme 

I t  i s  now p o s s i b l e  t o  s p e c i f y  more d e t a i l e d  p a r a m e t e r s  f o r  t h e  

t h e r m o s t a t .  Typecard i s :  

T-STat NB CK CR 



NB T h e r m o s t a t  s e t p o i n t  f o r  c o o l i n g ,  d e g .  C .  I f  0  or  b l a n k  

o r  less t h a n  AIRTemp 1 ( o r  6  o r  7 ) ,  t h e  l a t t e r  i s  u s e d .  

CK F r a c t i o n  o f  t h e r m o s t a t  s e n s i t i v i t y  f rom room a i r  t e m p e r a -  

t u r e .  The r e m a i n i n g  p a r t  ( 1 - C K )  i s  t h e n  from mean s u r f a c e  

t e m p e r a t u r e .  

CR T h r o t t l i n g  r a n g e ,  d e g .  C ,  i d e n t i c a l  f o r  h e a t i n g  and c o o l i n g  

e f f e c t .  D e f a u l t  v a l u e  0 .  

Remark : 

I f  CK = 0 . 5  and C R  = O.the  t h e r m o s t a t  w i l l  t r y  t o  keep  t h e  ope-  - -- 
r a t i v e  - - - - - - - - -W t e m p e r a t u r e  ------- (mean o f  a i r  t e m p e r a t u r e  and s u r f a c e  tempera-  

t u r e )  a t  d e f i n e d  v a l u e ,  AIRTemp 1 ( o r  6  o r  7 )  , o r  NB i f  c o o l i n g .  

Runnins  s e l e c t e d  ~ e r i o d s  

The t y p e c a r d  DATO makes it p o s s i b l e  t o  r u n  s p e c i f i e d  p a r t s  o f  a 

w e a t h e r  d a t a  s e t  

DATO NB CK C R  

NB Year f o r  s t a r t  ( e . g .  60 - 1 9 6 0 ) .  D e f a u l t  v a l u e  11 b e c a u s e  

t h e  Danish  TRY i s  c a l l e d  y e a r  11. 

CK Month.day ( - X X - Y Y )  f o r  b e g i n n i n g  o f  c a l c u l a t i o n .  

( D e f a u l t  1 . 0 1 )  

C R  N o n t h e d a y  ( -XX.YY)  f o r  end o f  c a l c u l a t i o n .  ( D e f a u l t  1 2 . 3 1 )  

I f  t h e  c a i c u i a t i o n  i n c l u d e s  more tkLarL o n e  y e a r  two c a r d s  a r e  

s p e c i f i e d :  

DATO NB CK y e a r  and  month.day f o r  s t a r t  

DATO NB CR y e a r  and  month.day f o r  end of  

t h e  c a l c u l a t i o n  

Up t o  20 p e r i o d s ,  i n  c h r o n o l o g i c a l  o r d e r ,  c a n  b e  s p e c i f i e d  i n  

o n e  r u n .  



P r i n t o u t  

The t y p e c a r d  UDSK h a s  now one more pa ramete r ,  NB: 

UDSKriv NB CK CR 

NB Da i ly  p r i n t o u t  

-1 Suppresses  d a i l y  p r i n t o u t  ( l i k e  CK = -1. o r  

C R  = -1. d o e s )  . 

2 Adds a  l i n e  w i t h  max. h e a t i n g  and c o o l i n g  e f f e c t  

and cor respond ing  hour ,  and number of hours  w i t h  

i n c r e a s e d  v e n t i l a t i o n  (MAX-vent). 

(Other  m o d i f i c a t i o n s  a r e  i n  p r e p a r a t i o n ) .  

Hans Lund 
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