




I N T E R N A T I O N A L  ENERGY AGENCY 

Energy  Conservation i n  Buildings and 

Community Systems Programme 

Annex X I I ,  WINDOWS A N D  FENESTRATION 

Report  from Step 4 

COMPARISON OF S I X  S I M U L A T I O N  CODES 

DEROB 

DYWON 

PASS l M 

DOE-2.1C 

SERI-RES 

HELlOSl  



T h i s  r e p o r t  i s  p a r t  o f  t h e  work  o f  t h e  IEA, Energy Conservat ion 

in Bu i ld ings  & Community Systems Programme 

Annex XI1 - Windows and Fenestration 

Part ic ipants in Annex X I  I :  

Belgium, FR-Germany, I ta ly ,  T h e  Netherlands (Operat ing Agent),  Norway, 

Switzerland, Uni ted Kingdom, Uni ted States o f  America. 

T h e  complete l i s t  o f  ,representat ives who have cont r ibu ted t o  t h i s  r e p o r t  

i s  g iven in Appendix G. 

Document 

D is t r ibu t ion  

Ed i to r  

: Report  f rom work  car r ied  o u t  under  Step 4 o f  t h e  

pro ject .  

: Unrestr ic ted.  

: Thomas Frank,  Ton i  W. Puntener 

EMPA, Section Bu i l d ing  Physics 

Ueberlandstrasse 129 

CH-8600 Dubendorf  

Switzerland 

ies : EMPA Section Bu i l d ing  Physics 

Approximate p r i ce  : s f r .  10.- 

Addi t ion a l  copi 

Dubendorf ,  January 1987 



CONTENT PAGE 

Preface 

1.  In t roduc t ion  

2. Descr ipt ion o f  t h e  simulation codes 

a) Program code DEROB 

b) Program code DYWON 

c )  Program code PASSIM 

d )  Program code DOE-2 

e )  Program code SERI-RES 

f) Program code HELIOS-1 

3. Specif ications o f  t h e  standard tes t  room 19 

a) In t roduc t ion  19 

b) Details o f  t h e  standard tes t  room 19 

c )  Construct ion data o f  t h e  standard tes t  room 21 

d )  F ixed parameters o f  t h e  standard tes t  room 22 

e) Variable parameters f o r  base case calculations 23 

4. Simpl i f ied base case calculations 

a) In i t ia l  steady state condit ions 

b )  Cooling ra te  

c )  Response f rom in te rna l  gain pulse 

d )  Response t o  solar heat gain pulse 

5. Base case calculations (10-days w in ter  per iod)  37 

a) Solar gain simulation 38 

b )  Analysis o f  heat f l u x  balance and temperatur  behaviour  39 

c )  Zone temperature and aux i l ia ry  heat ing demand 52 

d)  Conclusions 55 



PAGE - 

6. T e s t  case calculations 57 

a) T e s t  case specif ications 57 

b) Zone temperature and aux i l i a r y  heat ing  demand 59 

c)  Conclusions 61 

7. Conclusions 

Append ix  

E f fec t  o f  selected timestep and number o f  nodes in 

a f i n i t e  d i f fe rence network  model. 

TPD - TNO Del f t ,  NL  

Inf luence o f  indoor  a i r  mass and thermal coupl ings 

between indoor  a i r  and ins ide surfaces. 

GRES EPF Lausanne, CH 

Inf luence o f  d i s t r i bu t i on  o f  in te rna l  and solar gains 81 

t o  f loa t ing  zone temperature. 

EMPA Di ibendorf ,  CH 

Comparison o f  room a i r  temperature and  comfor t  index  85 

temperature 

GRES EPF Lausanne, CH 

Meteo data f o r  t h e  simpl i f ied base case calculations 91 

Meteo data f o r  t h e  base case calculations 95 



L PREFACE 

lnternat ional  Energy  Agency 

In o r d e r  t o  s t rengthen co-operation in t h e  v i ta l  area o f  energy  pol icy, an Agree-  

ment o f  an ln ternat ional  Energy  Programme was formulated among a number o f  

indus t r ia l i zed  countr ies i n  November 1974. The  ln ternat ional  Energy  Agency ( IEA)  

was establ ished as an autonomous body w i th in  t h e  Organizat ion f o r  Economic Co- 

oparat ion and Development (OECD) t o  administer t h a t  agreement. Twenty-one 

count r ies  are  c u r r e n t l y  members o f  t h e  IEA, w i t h  t h e  Commission o f  t h e  Euro- 

pean Communities par t i c ipa t ing  under  special arrangement. 

A s  one element o f  t h e  ln ternat ional  Energy Programme, t h e  Part ic ipants under -  

take  co-operat ive act iv i t ies i n  energy  research, development and demonstration. 

A number o f  new and improved energy  technologies which have t h e  potent ial  o f  

making s ign i fcant  cont r ibu t ions  t o  o u r  energy  needs were ident i f ied  f o r  colla- 

bora t ive  e f fo r ts .  The  IEA Committee on Energy  Research and Development (CRD) 

assisted b y  a small Secretar iat  staff ,  co-ordinates t h e  energy  research, deve- 

lopment and demonstration programme. 

Energy  Conservat ion i n  Bu i ld ings  and Community Systems 

A s  one element o f  t h e  Energy  Programme, t h e  IEA encourages research and 

development i n  a number o f  areas related t o  energy .  I n  one o f  these areas, 

ene rgy  conservat ion i n  bui ld ings,  t h e  IEA i s  encouraging var ious exercises 

t o  p r e d i c t  more accurately t h e  energy  use o f  bui ld ings,  inc lud ing  comparison 

o f  ex is t ing  computer programmes, bu i l d ing  monitor ing, comparison o f  calcula- 

t i o n  methods, as well as a i r  qua l i t y  and inhab i tan t  behaviour  studies. 

T h e  Execut ive Committee 

Overal l  contro l  of t h e  R & D programm energy  conservat ion in bu i ld ings  and 

community systems i s  maintained by and Execut ive Committee, which no t  on l y  

moni tors ex is t ing  pro jects b u t  ident i f ies new areas where col laborat ive e f fo r t  

may be  beneficial. The  Execut ive Committee ensures all pro jects fit i n to  a 

predetermined s t ra tegy  w i thout  unnecessary over lap o r  dupl icat ion but w i t h  

e f fec t ive  l iaison and communication. 



ANNEX XI1 

In June 1982 t h e  Executive Committee approved Annex X I I ,  "Windows and Fene- 

s t ra t ion"  as a new jo int  ef for t  project,  w i t h  the  Netherlands act ing as "Operat- 

ing Agent"  t o  co-ordinate t h e  work.  

T h e  Following countr ies are par t ic ipa t ing  in t h i s  pro ject :  

Belgium, Federal Republ ic o f  Germany, I ta ly ,  T h e  Netherlands, Norway, 

Switzerland, Un i ted  Kingdom, Uni ted States. 

T h e  pro jec t  consists o f  5 steps: 

Step 1: S u r v e y  t h e  state-of- the-ar t  in al l  t ypes o f  ex is t ing  windows and f u t u r e  

designs ( inc lud ing glazings and combinations o f  glazings and insulat ing and/or 

sunshading systems). 

Step 2: S u r v e y  t h e  state o f  t h e  a r t  in thermal and solar propert ies o f  windows 

and  compare def ini t ions, t es t  methods, calculation procedures and measured, cal- 

cu lated o r  assumed data, wherever possible converted t o  one o r  several sets 

o f  standardized condit ions. T h e  aim: t o  t ry  and cover all ex is t ing  (and some- 

t imes conf l ic t ing)  information in t h i s  f ie ld  in an extensive repor t  f o r  "exper t  

groupsi1. 

A separate r e p o r t  contains summarized information f o r  general use among arch i -  

tects, consultants and manufactures. 

Step 3: Review and analyse ex is t ing  simpl i f ied steady-state calculation methods 

deal ing w i th  gains and losses t h r o u g h  window systems. These methods can p ro -  

v i d e  a pre l im inary  and global f i g u r e  f o r  t h e  inf luence o f  t h e  window on energy  

consumption w i thout  consider ing t h e  interact ion w i th  t h e  building, occupants and 

climate in a detai led way. 

Step 4: Compare and analyse ex is t ing  dynamic calculation methods deal ing w i t h  

t h e  inf luence o f  window type,  size and or iantat ion o n  energy  consumption and 

thermal  comfort in bu i ld ings .  

Normally, a good window design w i l l  o f ten be t rea ted w i t h  a global approxima- 

t ion,  w i th  t h e  consequence t h a t  specif ic features o f  t h e  design cannot be  re -  

vealed p roper l y .  With a s t u d y  specif ical ly focused on windows also complex s y -  

stems can be simulated, l i ke  mul t i - layer  systems w i th  foi ls,  coat ings and/or  gas 

f i l l i ngs  and e.g.',systems a t  which t h e  contro l  of an openable window, insulat ion 



panel, o r  sunshading i s  associated w i th  indoor temperature and/or t ime and/or 

i n tens i t y  o f  solar radiat ion. A thorough consideration o f  t h e  ef fect  o f  windows 

calls f o r  a calculation model t h a t  can handle such simulation. 

Step 5: App ly  unsteady state models in a series o f  selected, general sens i t i v i ty  

s tudies and the reby  produce extensive information o n  optimal window design 

from an energy  po in t  o f  view f o r  d i f f e ren t  bu ld ings  (mass, insulat ion) occu- 

pants '  behaviour schemes (contro l  o f  equipment, in ternal  heat) and climatic 

zones. T h e  resul ts  are aimed a t  g roups l i ke  architects, manufacturers and 

pol icy makers. 

Informations concerning the  o ther  repor ts  f rom the  pro ject  can be obtained 

f rom t h e  operat ing agent: 

H.A.L .  van D i j k  

TNO Ins t i tu te  o f  appl ied physics 

P.O.Box 155 

2600 AD Del f t  

T h e  Netherlands 



1. INTRODUCTION 

Previous studies conducted w i th in  IEA (Annex I [Ref .  11 and Annex I l l  

[Ref.  21) showed qu i te  large d i f ferences i n  heat ing and cooling loads pred ic -  

t ed  b y  dynamic bu i l d ing  energy simulation programs on h o u r l y  basis. T h e  p u r -  

pose o f  t h e  s t u d y  w i th in  Annex XI1 was t o  i den t i f y  t h e  problem areas responsible 

f o r  those d i f ferences and t o  compare i n  more detai l  t h e  calculation procedures 

connected t o  windows. 

T h e  chosen s t ra tegy  w i th in  Annex XI1 was t o  per fo rm a detai led code t o  code 

comparison based on a g iven standard tes t  room and Geneva climatological data. 

I n  o r d e r  t o  be  able t o  analyse and compare t h e  calculation resul ts  o f  t h e  d i f -  

f e ren t  simulation codes, a uniform, standardized ou tpu t  s t r u c t u r e  had t o  be  

def ined.  One important  subject was t o  g i ve  a most detailed bu i l d ing  heat 

balance on month ly  o r  seasonal basis. 

Table 1.1 gives an overlook o f  t h e  program codes and par t ic ipants,  which have 

been invo lved in t h i s  p a r t  of t h e  IEA-Project: 

Program code 

D E R O B  

O Y U O N  

P a r t i c i p a n t  

F ravnho fe r  i n s t i t u t e  o f  B u i l d i n g  P h y r l c r  

D i r . :  P ro f .Dr . Ing .K .Ger t i r  

H.Elhorn .R .St r icker ,M.Szemn 

N o b e l s t r . l Z  

0-7000 S t u t t g a r t  80 

F R G e m n y  

TNO I n s t i t u t e  o f  P g p l i e d  Phys ics  (TPO) 

H.A.L. van 0i jk .K.Th.Knorr  

S t i e l t j e r w e g  1 

2600 AD D e l f t  

The Nether lands  

EPFL S o l a r  Research Gmup.LES0 

J.B.Gay,N.Horcl 

CH-1015 Lavsanne 

S w i t z e r l a n d  

Lawrence B e r k e l e y  L a b o r a t o r y  

J.H.Klerns 

1 .Cyc lo tmn Road 

B e r k e l e y  . C a l i f o r n i a  94720 

U.S.A.  

EUPA S e c t i o n  B u i l d i n g  Phys ics  

T.U.PUntener 

CH-8600 Wbendor f  

S * i t z c r l a n d  

EHPA S e c t i o n  B u i l d i n g  Phys ics  

Th.Frank 

CH-SO0 Wbendor f  

S w i t z e r l a n d  

Table 1.1 Program codes and par t i c ipants  



T h r e e  d i f f e r e n t  calculations have been performed: 

- Simpl i f ied base case condit ions in o r d e r  t o  i d e n t i f y  t h e  problem areas 

- Base case calculations ove r  a s h o r t  per iod  o f  10-days 

- Calculat ion o f  seasonal heat ing demand. 

T h e  Swiss par t i c ipants  o f  t h e  annex decided t o  complete t h e  calculations w i t h  

an  addi t ional  va l idat ion procedure  o f  t h e  t h r e e  Swiss simulation programs 

against  measured data o f  a d i rec t  gain cel l .  For  t h e  val idat ion s tudy ,  a high 

mass bu i l d ing  df t h e  Federal I ns t i t u te  o f  Technology in Lausanne has been chosen, 

t h e  LESO-bui ld ing from t h e  Solar Research Group GRES. T h e  resu l ts  have been 

pub l ished in a seperate r e p o r t  (see Ref. [3 ] ) .  

Discussing t h e  resu l ts  o f  t h e  program comparison and analys ing t h e  di f ferences, 

a d is t inc t ion  o f  t h e  possible reasons f o r  'deviat ions has t o  be  made: 

- ef fects caused by t h e  input specif ications 

- ef fects caused by d i f f e r e n t  models and simpl i f icat ions 

- e f fec ts  causes by d i f f e r e n t  cont ro l  s t rategies o f  heat ing o r  cooling equip-  

ment (set po in ts ) .  

REFERENCES '' 

[I] IEA Annex I 

[2 ]  IEA Annex l l l 

Comparison o f  Load Determinat ion 

Methodologies f o r  Bu i l d ing  Energy  Analys is  

Programs. 

NTIS,  1981 

Calculation Methods t o  Pred ic t  Energy  

Savings in Residential Bu i ld ings .  

Swedish Council f o r  Bu i l d ing  Research, 

1983 

[3 ]  Th. Frank;  T . W .  Puntener;  Comparison o f  t h r e e  d i f f e r e n t  simulation 

J.B.  Gay; N. Morel codes w i t h  measured data. 

EMPA, 1985 

[4 ]  H. Erhorn;  R.  S t r i cker ;  Sunspace Calculation Comparison 

M. Szerman SUNCODE-DEROB 

Working Document IEA Task  V I I I /  

Annex X I I ,  FhG-IBP, 1986 



2. DESCRIPTION OF THE SIMULATION CODES 
.: 

S ix  d i f f e r e n t  simulation codes have been compared w i th in  t h i s  annex. T h e  

program types  and methodologies are  summerized in tab le  2.1. 

NAME 

DEROB 

-- 

TYPE 

Multizone model 

DYWON 

METHOD 

RC-network 
( f i n i t e  di f ferences) 

PASS l M 

HEAT TRANSFER 

SURFACE - ROOM AIR 

detai led model 

Multizone model 

Multizone model 

HELIOS1 Single zone model Response factors simpl i f ied model 

Multizone model 

SERI-RES 

Table 2.1 Program codes and methodologies 

RC-network 
( f i n i t e  di f ferences) 

Weighting factors 
(response factors)  

a) Program Code DEROB 

DEROB (Dynamic - - Energy - Response - o f  - Bui ld ings)  is a dynamic thermal simulation 

program. I t  was developed or ig ina l l y  b y  Prof .  F.N. Arumi a t  t h e  Numerical Si- 

mulat ion Laboratory a t  t h e  Un ive rs i t y  o f  Texas a t  Aus t in  i n  1979. 

detai led model 

RC-network 
( f i n i t e  di f ferences) 

detai led model 

Mult izone model 

T h e  program t rans fe rs  a bu i l d ing  descr ipt ion in to  an electr ical  ne twork  analogy 

and  then  proceeds t o  solve t h e  ne twork  f o r  h o u r l y  weather condit ions. 

detai led model 

For  t h i s  solut ion t h e  Gaussion method i s  used. 

RC-network 
( f i n i t e  di f ferences) 

T h e  program needs as i n p u t  an exact  descr ipt ion o f  t h e  bu i l d ing  and t h e  

boundary  condit ions (e.g. geometry, materials, bu i l d ing  component s t ruc ture ,  
I 

geographical data, in te rna l  heat sources, data about heat ing and cooling equip-  

ment, f u r n i t u r e ,  vent i lat ion, h o u r l y  weather data etc. ). 

simpl i f ied model 



With these boundary  condit ions t h e  program system DEROB, t h a t  consists o f  

a su i te  o f  s i x  programs, i s  enabled t o  p r e d i c t  t h e  thermal behaviour  o f  a 

complex building. 

A pecu la r i t y  o f  t h e  program i s  t h e  more o r  less su f f i c ien t  t reatment  o f  t h e  

long-  and  s h o r t  wave radiat ion and t h e  deal ing o f  these phenomena in- and 

outs ide  o f  t h e  bu i l d ing .  

Moreover t h e  convect ive heat  t rans fe r  on  surfaces in- and outs ide o f  a building 

i s  no t  constant,  but temperature and a i r -ve loc i ty  dependent.  

T h i s  leads t o  a variable, radiat ion and convect ion dependent sur face f i lm coef f i -  

c ien t  on to  t h e  i nne r  and ou te r  building surface. 

T h e  heat ing  model in t h e  program system i s  ideal, w i thout  t ime delays. 

Thermostat  setpoints  f o r  t h e  requ i red  room temperature, sw i tch  on-  and o f f  

t imes and  t h e  insta l led power o f  t h e  heat ing system are  input data. 

In t h e  same way t h e  aspect o f  cooling i s  handled in DEROB. 

T h e  vent i la t ion  ra te  between t h e  rooms o f  t h e  building can be  specif ied. More- 

ove r  t h e  poss ib i l i t y  o f  f an  connections between t h e  rooms i s  available. It i s  

possible t o  de f ine  advect ion connections between rooms, t h a t  means vent i la t ion 

between rooms on ly  caused by t h e  fo rce  o f  temperature-di f ferences. 

B y  need o f  temporary insulat ion it i s  possible t o  def ine them in t h e  i npu t .  

T h e  disadvantage o f  t h e  program system i s  t h e  re la t i ve ly  high needed calcula- 

t i o n  t ime and  there fore  computing costs. T h e r e  i s  s t i l l  demand f o r  va l idat ion 

and  v e r i f y i n g  t h e  a lgor i thms and  there fore  t h e  whole program. 

T h e  DEROB Internat ional  User  Association endeavours f o r  improv ing  t h e  program 

system and  d e r i v i n g  a common val idated DEROB vers ion .  

b) Program code DYWON 

T h e  computer Programme DYWON, developed by TNO Ins t i t u te  o f  Appl ied 

Physics, Del f t ,  f o r  t h e  unsteady state simulation o f  t h e  ene rgy  consumption f o r  

heat ing  o f  bu i l d ings  i s  specif ical ly su i ted f o r  t h e  o f ten  complicated s i tuat ion 

o f  dwel l ings.  

T h e  dwel l ing can be  d i v ided  i n to  a number o f  rooms, w i t h  t h e  poss ib i l i t y  t o  

exchange heat between t h e  rooms by transmission a n d v e n t i l a t i o n .  

T h e  thermal  conduct  o f  t h e  wall elements i s  simulated by means o f  a f i n i t e  

di f ference method (RC-network) .  For  each room a number o f  such cons t ruc t i ve  



elements can be  in t roduced,  w i t h  f o r  each element a menu o f  possibi l i t ies w i t h  

respect  t o  t y p e  (e.g. g roundf loor ,  window, separation wall, e tc)  and level o f  

complexi ty  fo r  calculation (e.g. s ingle layer,  vent i la ted mul t i - layer  system, w i t h  

movable insulat ion, etc. ). 

For  t h e  radiat ion exchange between t h e  construct ions t h e  programme i s  p r o -  

v ided  w i t h  a simple approximation in which t h e  surfaces are  assumed be ing  

p a r t  o f  complex geometries. I f  needed, (more) exact view factors can be  used 

as input data o r  separately calculated. W i t h  t h e  known view factors, t h e  rad i -  

t i on  exchange factors a re  calculated; i n  case o f  e.g.  movable b l inds  t h i s  cal- 

culat ion i s  repeated when t h e  sur face proper t ies are  changed. 

T h e  convect ive and radiat ive heat t rans fer  coeff ic ients a re  considered tempera- 

t u r e  dependent.  

T h e  heat ing  instal lat ion consists of bo i le r -un i t  coupled w i t h  rad ia tors  o r  con- 

vec tors  and/or '  separate heat ing un i t s .  T h e  requ i red  temperature level i s  de ter -  

mined b y  g i ven  values f o r  local and/or centra l  thermostats o r  manually opera- 

t e d  contro ls .  

T h e  var ious boundary  condit ions b y  occupants' behaviour  can be  specif ied as 

24 hou rs  pa t te rns  o f  h o u r l y  values. T h i s  i s  t h e  case f o r  

na tura l  vent i la t ion (opt ion: windspeed dependent);  

mechanical vent i la t ion (opt ion: pre-heated);  

in te rna l  heat loads (convect ive, radiat ive);  

set po in t  o f  thermostat ic va lve p e r  radiator/convector;  

room thermostat; 

window treatments: use o f  n i g h t  insulat ion and/or solar shading (opt ion: 

solar i n tens i t y  dependent).  

T h e  calculation procedure  can be  done on an h o u r l y  basis o r  in shor te r  t ime 

steps if desired. 

T h e  thermal balance f o r  t h e  room a i r  i s  f ound  b y  an i terat ion process in which 

t h e  heat ing instal lat ion p lays an important  role: depending on t h e  t y p e  of 

control ,  t h e  heat supp ly  t o  t h e  (centra l )  heat ing system and/or t h e  (e.g. 

water)  f lows t h r o u g h  t h e  ornaments are adapted i te ra t ive ly  until a weighted 

mean o f  a i r  and rad ian t  temperature corresponds t o  t h e  set-point  o f  t h e  t h e r -  

mostat involved.  In case o f  no heat supp ly  t h e  system o r  ind iv idua l  ornaments 

(e.g.  closed radiators)  wi l l  g radua l l y  g i v e  o f f  t h e  heat accumulated i n  t h e  ( p a r t  

o f  the)  system. 



I f  t h e  opt ion of sho r te r  t ime steps i s  chosen t h e  i te ra t ion  can be  replaced b y  a 

s t r a i g h t  f o r w a r d  calculat ion in which f o r  each s h o r t  t ime step t h e  heat ing system 

and/or  t h e  ornaments are  switched o n  and  o f f .  

T h e  heat  f lows f o r  each cons t ruc t ive  element a re  calculated d i r e c t l y  b y  matrix-- 

invers ion.  

 his calculat ion process has t h e  advantage over  e.g. a response method, t h a t  

it allows al l  kind o f  changes in t h e  room network  during calculation, l i ke  tem- 

p e r a t u r e  dependent  coeff ic ients o r  movable shadings, cur ta ins,  a.s., w i thout  

p rac t ica l  l imitat ions. Moreover, al l  temperatures and  heat f lows a t  each node 

a r e  in p r i nc ip le  accessible f o r  analysis. T h e  disadvantage i s  t h e  h ighe r  computer 

t ime p e r  calculation; t h e  computer t ime can however be  res t r i c ted  b y  explo i t -  

ing t h e  f l ex ib i l i t y  o f  DYWON, b y  a.0. appropr ia te  choice in number o f  cons t ruc-  

t i ons  and  t h e i r  complexity level.  

c )  Program code PASSIM 

PASSIM i s  a program developed a t  EPFL Lausanne t o  simulate dynamical ly any  

thermal  nodal ne twork  (maximum 99 nodes).  I t  was w r i t t e n  or ig ina l l y  t o  simulate 

passive solar systems, and so contains faci l i t ies such as a solar radiat ion 

generator,  t ransmission funct ions f o r  window, shadowing funct ions,  and  so on. 

B u t  t h e  program would also be  usable t o  simulate simple act ive systems o r  any  

thermal  system. 

T h e  nodes may be  connected together  by conducit ive, radiat ion and/or  convec- 

t i v e  coupl ings.  T h e  needed meteorological data ( a t  least t h e  outs ide a i r  tempera- 

t u r e  and  solar radiat ion on  an hor izonta l  plane) a re  in t roduced b y  an  ex terna l  

tabulat ion f i le, t h e  i n te rva l  be ing  any  value (usual ly  30 minutes o r  1 hou r ) .  

O t h e r  data, f o r  example temperatures assigned t o  cer ta in  nodes o f  t h e  thermal 

ne twork ,  may be  in t roduced b y  t h e  same way. 

T h e  program i s  implemented o n  a VAX 11/780, and i s  w r i t t e n  in FORTRAN 77. 

T h e  o u t p u t  may be: 

- g raph ic  representat ions (on T e k t r o n i x  4012 o r  compatible terminal)  o f  tempe- 

ra tu res  o r  thermal powers o r  heat flows, versus  time; 

- ene rgy  balances; 

- t h e  whole simulation data may b e  saved on a f i le, t o  be  re t r i eved  la te r  on  b y  
1 

another  p rogram ( f o r  example DISPLAY t o  see data o u t p u t  o r  COMFORT t o  

evaluate t h e  comfort  level in view o f  t h e  Fanger 's theory) .  



Funct ionnaly,  t h e  code solves t h e  energy balances f o r  eve ry  node i n  t h e  thermal 

ne twork .  So, if t h e  temperatures a t  time t are known, then one can compute t h e  

increments between t and t + At; t h e  calculation uses t h e  Crank-Nicholson 

method. 

T h e  program i s  in teract ive,  b u t  may o f  course also be  used in batch  mode f o r  

l ong  simulations. T h e  network  conf igurat ion has t o  b e  input b y  a "conf igurat ion 

f i le" ,  edi ted before b y  any t e x t  ed i to r .  On t h e  o the r  side, t h e  tabulated data 

has t o  be  o n  a "tabulat ion f i le" ,  fol lowing t h e  GRES format (whose descr ipt ion 

may be  found  i n  t h e  program manual; a sho r t  program exis ts  t o  conve r t  any  form 

o f  tabulated data t o  GRES format).  

T h e  program i s  r a t h e r  f lex ib le,  it allows a decomposition o f  t h e  considered 

bu i l d ing  ( o r  p a r t  o f  a bu i l d ing )  in any  thermal ne twork  w i t h  a maximum of 

99 nodes. However t h i s  f l ex ib i l i t i y  may also be considered as a drawback, 

t h e  user  hav ing  t o  know how t o  b u i l d  t h e  optimal network.  I n  t h e  f u t u r e  

t h e  code could be  completed in o r d e r  t o  produce automatically t h e  nodal ne t -  

w o r k  f rom t h e  bu i l d ing  raw data. Such an addit ional element would be  

a p a r t  o f  an e x p e r t  system. 

Recently t h e  program has already been made more use r f r i end l y  b y  t h e  

addi t ion o f  a conversat ion code named "SCREEN". T h i s  rou t ine  allows an easy 

in te rac t ive  e n t r y  o f  t h e  i n p u t  thermal network,  it includes faci l i t ies as a 

tab le  o f  material p roper t ies  and convenient ed i t ing  possibi l i t ies. 

d)  Program code DOE-2 

T h e  computer program DOE-2, developed a t  LBL, Berkeley, prov ides a detai led 

simulation o f  t h e  energy  consumption o f  bu i ld ings  o f  al l  sizes, rang ing  f rom simple 

detached residences t o  la rge  commercial bu i ld ings  w i t h  complex HVAC systems. It 

was designed f o r  f as t  calculation in o r d e r  t o  make detai led simulations as p a r t  of 

t h e  bu i l d ing  design process economically feasible, and concentrates on  fac i l i ta t ing 

a systems approach t o  t h e  bu i l d ing  ra the r  than obta in ing extreme accuracy on  any  

one subsystem. 

T h e  simulation i s  d iv ided i n t o  th ree  par ts ,  LOADS, SYSTEMS and PLANT.  I n  

LOADS, t h e  ind iv idua l  spaces (called zones) in t h e  bu i l d ing  are  modeled and 

t h e  h o u r l y  heat ing o r  cooling amounts necessary t o  keep each zone a t  a f i x e d  

reference a i r  temperature are calculated. I n  SYSTEMS t h e  in teract ions between 

d i f f e r e n t  zones and between t h e  zones and t h e  HVAC system are  modeled. The  

thermostat  set  points,  ab i l i t y  o f  t h e  HVAC system t o  de l iver  t h e  demandes loads, 

in terzone heat t rans fers ,  and actual h o u r l y  zone temperatures are  calculated i n  



t h i s  s tep.  In PLANT t h e  generat ion o f  t h e  HVAC energy  flows (ho t  a i r ,  ch i l led 

water,  e tc . )  f rom p r i m a r y  energy  i npu ts  (gas, oil, e lec t r i c i t y )  a re  modeled and 

t h e  bu i l d ing ' s  p r i m a r y  ene rgy  demand computed. In t h i s  descr ip t ion  we con- 

Centrate o n  t h e  LOADS and  some SYSTEMS calculations. 

T h e  k e y  quant i t ies  o f  i n te res t  in a zone i n  DOE-2 are  t h e  heat ing and cooling 

loads necessary t o  maintain t h e  zone a i r  temperature a t  a g i ven  value. These 

loads, Qi, (wh ich  a r e  def ined t o  be  posi t ive f o r  cooling loads and negat ive for  

heat ing  loads) must  be  re lated t o  t h e  driving forces a f fec t ing  t h e  bu i l d ing  

thermal  performance, namely ex ter io r  weather condit ions, admitted solar gain 

t h r o u g h  windows, and in te rna l  sources of heat  f rom act iv i t ies in t h e  bu i ld ing .  

T o  d o  th is ,  DOE-2 assumes a l inearized fo rm o f  t h e  heat t rans fer  equations 

i . .  , l inearized rad ia t ive  coupl ings and constant  i n te r i o r  convect ive f i lm 

coeff ic ients) and  t rea ts  t h e  problem b y  superposi t ion.  Response factors a r e  

used t o  re late t h e  surface temperatures and heat f luxes  on  t h e  i nward  ( t o  t h e  

zone) and  ou tward  side of each envelope element bound ing  t h e  zone. 

For  solar gain, t h e  user  specif ies t h e  f rac t ion  o f  t h e  solar gain absorbed a t  

each surface, and  these f rac t ions  are  used t o  apport ion t h e  unit pulse. T h e  

rat ios Qi/qi t hen  def ine t h e  we igh t ing  fac tors  f o r  conduct ion, solar gain, l igh ts ,  

people/equipment, etc., wh ich  a r e  used i n  t h e  h o u r l y  calculat ion t o  determine 

t h e  manner in wh ich  rad ian t  gains in t h e  zone appear as heat f lows i n to  t h e  a i r .  

I n  addit ion, another  calculat ion i s  done b y  fol lowing t h e  time h i s t o r y  o f  a u n i t  

temperature pu lse  t h r o u g h  t h i s  ne twork .  T h e  h o u r l y  values fo Qi wh ich  r e s u l t  

de f ine  t h e  temperature we igh t ing  factors which are  la ter  ( i n  SYSTEMS) used t o  

re late changes in t h e  zone temperature t o  deviat ions between t h e  demandes 

loads and t h e  heat  actual ly  suppl ied b y  t h e  HVAC system. 

In t h e  h o u r l y  calculation, LOADS uses t h e  h o u r l y  temperature values, solar gain, 

(scheduled) in te rna l  loads, etc., t o  determine t h e  d r i v i n g  heat  i npu ts  o r  ou tpu ts  

of t h e  zone. Wind and  inc ident  solar gain are  used t o  determine t h e  heat t rans -  

f e r  t o  t h e  ex te r i o r  surfaces o f  walls, and t h e  response factor ,  calculat ion t rans -  

f e r  t h i s  i n to  delayed heat  f luxes  a t  t h e  i n t e r i o r  wall surfaces. For  a g i ven  hour ,  

then,  t h e  heat  f luxes  conducted t o  t h e  wall i n t e r i o r  surfaces are  known f rom 

t h e  ex te r i o r  sur face heat t rans fe rs  a t  t h a t  and prev ious  hours .  T h e  f luxes  are  

s p l i t  i n to  convect ive and rad ia t ive  par ts ;  t h e  conveci tve p a r t  cont r ibu tes  immeda- 

t e l y  t o  t h e  Qi f o r  t h a t  surface, T h e  rad ia t ive  p a r t  i s  d i s t r i b u t e d  as a uni form 

f l u x  ove r  t h e  i n te r i o r  surfaces t o  fo rm t h e  qi; these then mu l i t p l y  t h e  conduct ive 

we igh t ing  fac tor  series t o  determine t h e  cont r ibu t ions  t o  t h e  Qi a t  t h a t  and sub-  

sequent  hours .  In t h e  LOADS calculat ion windows a r e  t rea ted  as walls w i t h  

negl ig ib le thermal mass. Solar/optical radiat ion t ransmi t ted  t h r o u g h  t h e  windows 



i s  t rea ted  separately; heat absorbed i n  t h e  windows is t reated as addit ional con- 

duc ted  f l u x  t o  t h e  ex ten t  t h a t  it is t r a n f e r r e d  t o  t h e  in te r io r .  F u r n i t u r e  o r  o ther  

thermal mass w i th in  t h e  zone ' is t rea ted  as a wall w i t h  no  connection t o  t h e  

ex te r i o r  o r  o ther  zones. 

Transmi t ted  solar radiat ion i s  f i r s t  corrected f o r  cav i t y  back-ref lect ion ou t  t h e  

window and  then d i s t r i bu ted  among t h e  wall surfaces as specif ied b y  t h e  user  

t o  fo rm t h e  qi, which then  mul t ip ly  t h e  solar weight ing fac tor  series t o  de ter -  

mine t h e  load cont r ibu t ions  Qi a t  t h e  c u r r e n t  and subsequent hou rs .  In te rna l  

loads are  sp l i t  i n to  conveci tve and rad ia t ive  par ts .  T h e  convect ive p a r t  con t r i -  

bu tes  t o  t h e  c u r r e n t  hou r  Q. and t h e  rad ia t ive  p a r t  i s  d i s t r i bu ted  among t h e  
I 

i n te rna l  surfaces and apport ioned among t h e  c u r r e n t  and subsequent h o u r l y  Qi 

u s i n g  t h e  in te rna l  load weigth ing factors.  In te rna l  loads ar is ing  f rom d i f f e ren t  

sources may have d i f f e ren t  schedul ing b u t  are otherwise t reated ident ical ly,  

w i t h  t h e  except ion of lighting, where a por t ion  of t h e  load may b e  specif ied t o  

appear i n  an adjacent plenum zone. 

A t  t h e  end of t h e  LOADS calculation, t h e  ne t  loads Qi f o r  each wall element 

necessary t o  maintain t h e  zone at t h e  temperature T Z  ( the  "demanded loads") 

have been computed f o r  each hou r .  These and t h e  weight ing factors are then  

combined t o  form loads and weight ing factors f o r  t h e  overa l l  zone and are  passed 

t o  t h e  SYSTEMS section of t h e  program. 

In t h e  SYSTEMS calculation, t h e  zones of t h e  bu i l d ing  are  l inked together ,  t h e  

HVAC system i s  modeled, inc lud ing  t h e  ef fects of thermostat setpoints f o r  each 

zone, and t h e  coupled equations f o r  t h e  actual zone hou r l y  temperatures are  

solved, t ak ing  i n to  account 

(1) t h e  dependence of each zone's demandes loads on tha t  zone's temperature, 

as establ ished t h r o u g h  t h e  temperature weight ing factors f o r  t ha t  zone 

(calculated in LOADS) 

(2)  t h e  correct ions t o  t h e  zone demands due  t o  in terzone heat t rans fers  

( 3 )  t h e  dependence of t h e  HVAC system capacity on zone temperatures. 

T h e  resu l t  o f  t h i s  calculation i s  a set of hou r l y  zone temperatures f o r  which 

t h e  heat ing o r  cooling suppl ied b y  t h e  HVAC system equals t h e  heat ing o r  

cool ing demandes in each zone. 

T h e  authors  o f  DOE-2 attempted t o  model t h e  important  in teract ions in t h e  t h e r -  

mal behaviour  of convetional bu i ld ings  of al l  degrees of complexity.  A number of 

ac t ive  and passive solar modeling capabil i t ies have subsequently been added, as 

have day l i gh t  modeling capabil i t ies w i th  reduct ion o f  in te rna l  l i gh t i ng  loads in 

response t o  t h e  avai lab i l i ty  o f  day l i gh t .  However, t h e  approximations and solu- 



t i o n  methods chosen imply cer ta in  built-in l imitations. One might  expect  DOE-2 

modeling t o  be inadequate f o r  cases where 

o i n te r io r  walls are massive and interzone heat conduct ion i s  bo th  important  

and  s t rong ly  t ime-dependent, 

o d i r e c t  solar gain i s  important,  and sun l i gh t  may fall o n  surfaces w i th  v e r y  

d i f ferent  abso rp t i v i t y  and thermal mass a t  d i f f e ren t  hou rs  o f  t he  day, 

o solar gain t rans fe r red  between zones i s  important,  o r  

o heat t rans fe r  between specif ic locations e i ther  w i th in  a zone o r  between zones 

by natura l  convect ion i s  important.  

I n  general, DOE-2 calculations on whole bu i ld ings  appear t o  agree w i th  measure- 

ments t o  about  t h e  10 % level. T h e  degree t o  which t h e  above-mentioned c i r -  

cumstances may cause la rger  e r r o r s  i s  unknown. 

e) Program code SERI-RES 

T h i s  program is a general purpose thermal analysis program f o r  resident ial  bu i ld -  

ings .  I t  was wr i t t en  by L a r r y  Palmiter and T e r r y  Wheeling o f  Ecotope Group, 

Seattle, WA, a non-p ro f i t  corporat ion specializing in energy  research and education. 

It i s  an ou tg rowth  o f  a series o f  thermal analysis programs wr i t t en  b y  the  authors  

o v e r  t h e  past  f o u r  years. One o f  these, SUNCAT 2.4, is in t h e  Models Data 

Base a t  t h e  Solar Energy  Research Ins t i t u te  in Golden, CO. T h e  present  program 

i s  a major extension o f  t he  capabil i t ies o f  these ear l ier  e f fo r ts .  I t  includes a 

la rge number o f  enhancements, and in many ways, i s  a to ta l l y  new product .  

T h e  mathematical representat ion o f  t h e  building i s  a thermal ne twork  w i th  non- 

l inear, temperature dependent controls. T h e  mathematical solut ion technique 

uses a combination o f  f o rward  f i n i t e  di f ferences, Jacobian i terat ion, and con- 

s t ra ined optimization. 

T h e  program has an in terac t ive  ed i to r  f o r  c reat ing  bu i l d ing  descript ions. While 

c reat ing  a building descr ipt ion t h e  user  i s  cont inuously prompted w i th  headers 

t h a t  p rov ide  t h e  names and u n i t s  f o r  each data e n t r y .  Th is  allows f o r  rap id  

and  e r r o r  f ree  input. T h e  ed i to r  also checks the  va l i d i t y  o f  t h e  input and re -  

p o r t s  e r r o r s  as soon as possible. It also provides fac i l i t ies f o r  s to r ing  and re -  

fe renc ing several t ypes  o f  building descr ipt ion fi les. 

L i k e  al l  thermal analysis programs, t h i s  one has many l imitations. Some o f  t he  

l imitat ions stem f rom del iberate choice, while o thers  were imposed b y  necessary 

compromises. Perhaps the  major l imitat ion i s  t h e  lack o f  detailed treatment o f  

equipment. T h i s  i s  p r imar i l y  a bu i l d ing  loads program. I t  i s  designed t o  simu- 

late t h e  dynamic performance o f  t h e  bu i l d ing  in g rea t  detai l  and r e p o r t  t he  

amounts o f  energy  and power t h a t  t he  heat ing and cooling equipment must  



supp ly  i n  order  to  maintain comfort conditions. No attempt has been made to  

simulate t h e  actual performance o f  par t icu lar  heat ing and cooling un i ts .  Th is  

must  be contrasted w i th  programs f o r  t h e  analysis o f  large commercial bu i ld -  

ings, where a major i ty  o f  t he  e f fo r t  i s  expended'on equipment simulation and 

t h e  bu i l d ing  i s  t reated somewhat cur5or i l y .  Such an approach i s  necessary 

f o r  these bu i ld ings  because t h e  most pressing question f requen t l y  i s  which 

t ypes  and combinations o f  equipment wi l l  p rov ide  t h e  best comfort o r  t h e  lowest 

operat ing costs. In many cases, the  bu i ld ing  i tse l f  i s  a "given" in the  analysis. 

I n  contrast,  t h e  energy  and power requirements f o r  small bu i ld ings  are domi- 

nated b y  t h e  performance o f  t he  bu i ld ing .  Th is  i s  par t icu lar ly  t r u e  f o r  s t ruc -  

tu res  designed to  maximize solar benefi ts.  The inclusion o f  performance charac- 

te r is t i cs  f o r  t he  many k inds  o f  resident ial  equipment would have g rea t l y  i n -  

creased the  size and complexity o f  t he  program. In addit ion, t he  requ i red  

opera t ing  curves  f o r  resident ial  equipment a re  n o t  general ly  available. Also, 

in resident ial  work, there  i s  f requen t l y  no choice about equipment ( f o r  example, 

whether  to  use a gas furnace o r  electr ic resistance heat), o r  t he  choice i s  made 

on non-energet ic grounds.  For these, and other  reasons, t h e  authors have chosen 

t o  r e s t r i c t  t he  program to  the  modeling o f  bu i ld ing  loads. I t  i s  no t  intended f o r  

si tuat ions where equipment choice i s  the  p r imary  in teres t .  

A bu i ld ing  i s  conceptualized as one o r  more zones. Each zone has independent 

solar i npu ts  and independent heating, cooling, and vent i la t ion equipment and 

contro ls .  Each zone may also contain a rockbin.  Zones may be connected b y  

walls o r  p u r e  thermal conductances. I n  addit ion, thermostatically control led 

fans may connect zones. 

T h e  major simplif ication i n  t h e  conceptual model o f  zones is t h e  use o f  a single 

zone temperature node. The program does not  allow f o r  d i rec t  radiat ion heat 

t rans fe r  between walls o f  a zone wi th  separate calculation o f  convect ive heat 

t rans fe r  t o  t h e  zone a i r .  Instead, t h e  zone i s  represented by a single tempera- 

t u r e  node. A l l  heat t rans fe r  paths are connected to  th i s  centra l  node. Walls are 

connected b y  a constant heat t rans fe r  coefficient t o  the  centra l  zone node. Th is  

heat t rans fe r  coeff ic ient includes both  convect ive and radiat ive heat t rans fer .  

Th is  simplif ication avoids t h e  calculation o f  radiat ion view factors (which would 

also requ i re  a three-dimensional bu i ld ing  descr ipt ion in t h e  inpu t )  and t h e  solu- 
I 

t ion  o f  a radios i ty  mat r ix  a t  each time step. 

T h e  centra l  zone temperature i s  no t  real ly  t h e  a i r  temperature. I t  i s  a conduc- 

tance-weighted average o f  t h e  all temperatures which af fect  t he  zone. In the  

simple case where there  are no p u r e  resitances o r  fans i n  t h e  zone, the  zone 

temperature i s  a weighted average o f  t he  surface temperatures. I n  th i s  case it 



is, in effect, a form of mean rad iant  temperature. In some circumstances, the  

cent ra l  node temperature may d i f f e r  s ign i f i cant ly  fo rm the  t r u e  "a i r "  tempera- 

rue .  It i s  shown that,  w i th  p roper  calculation o f  t he  combined sur face coefficients, 

t h e  resu l t i ng  e r r o r  in temperature i s  t yp i ca l l y  comparable t o  t h a t  produced b y  

d i f fe rences in radiat ion t rans fe r  resu l t ing  f rom the  detai led modeling o f  f u r n i t u r e  

in t h e  zone. For convenience, t h e  centra l  zone temperature i s  re fe r red  t o  as 

t h e  zone "a i r "  temperature in t h i s  program. 

Walls a re  coupled t o  t h e  zone a i r  node b y  constant coeff ic ients which inc lude t h e  

combined ef fects o f  convection and radiat ion heat t rans fe r .  New node temperatu- 

res  are determined in each wall independently,  us ing  exp l i c i t  f i n i t e  di f ferences. 

Equipment operat ion i s  contro l led on t h e  basis o f  t he  zone a i r  temperature node. 

However, on l y  equipment loads are calculated, no attempt has been made t o  model 

t h e  actual performance o f  t h e  equipment. 

f)  Program code HELIOS-1 

HELIOS-1 i s  a dynamic single zone model, based o n  the  ASHRAE response fac- 

t o r  technique. 

T h e  program has been developed a t  EMPA in 1980 in o r d e r  t o  invest igate t h e  

inf luence o f  shor t -  and longwave radiat ion a t  t he  ex ter iour  building envelope t o  

t h e  energy  consumption. There fore  convect ive and radiat ive heat t rans fe r  a t  t he  

outs ide surfaces i s  t rea ted in more detai l  and in f ra red  s k y  radiat ion input data 

a re  needed. 

T h e  simulation program has been extended up till now for  d i f f e r e n t  special p rob -  

lem areas l i ke  heat ing regulat ion strategies and heat ing de l i ve ry  systems. T h e  

program can be adopted qu i te  easy t o  new f ields o f  simulation problems. 

T h e  input procedure has been improved b y  us ing  a simpl i f ied input table system. 

T h e  o u t p u t  format has been chosen in t h a t  way, t h a t  a check o f  all input data 

and t h e  calculated heat balance i s  possible. 

T h e  program has been implemented on a CDC Cyber  174 and a VAX 750. 

T h e  major simpl i f icat ion in t h e  model i s  t h e  use o f  combined ins ide surface f i lm 

coef f ic ient  and of one homogenious room airtemperature. T h i s  simplif ication avoids 

t h e  complex calculation o f  radiat ion view factors which would requ i re  a th ree 

dimensional bu i l d ing  input descr ipt ion.  T h e  calculated a i r temperature may there-  

fo re  in some cases d i f f e r  f rom t h e  t r u e  a i r  temperature. For rooms wi th  f u r n i t u r e  

and var iable occupants, a cor rec t  calculation o f  t h e  radiat ion heat exchange is  n o t  

possible unless t h e  real posit ion o f  al l  radiat ive surfaces are known. There fore  the  

resu l t i ng  e r r o r i n  a i r temperature by us ing combined surface f i lm coeff ic ients i s  



comparable t o  t h a t  produced b y  t h e  unce r ta in t y  o f  t h e  radiat ion exchange b y  

f u r n i t u r e  and occupants. 

In o r d e r  t o  meet a wide range o f  thermal boundary  condit ions, t h e  calculation 

procedure  (thermal balance ma t r i x  system) has been d iv ided i n to  t h r e e  modules: 
- in i t ia l izat ion module t o  meet steady state s ta r t i ng  condit ions 

- module t o  meet f loa t ing  room ai r temperature condit ions f o r  a g i ven  load 

s i tuat ion 
- module t o  meet constant  room air temperature. 

T h e  program is based on an exp l i c i t  thermal balance method us ing  t h e  matr ix  

invers ion  technique f o r  so lv ing t h e  l inear equation system. 



3. SPECIFICATIONS OF THE STANDARD TEST ROOM 

a) In t roduc t ion  

For  t h e  comparison o f  t h e  simulation codes, a standardized tes t  room has been 

specif ied. Th i s  room is in t h e  center  o f  t h e  bu i l d ing  w i th  similar adjacent 

rooms and has one external  wall w i th  a window. T h e  specif ic heat loss ra te  of 

t h e  room i s  v e r y  low (30 W / K )  and there fore  t h e  room is v e r y  sensi t ive t o  

solar gains. 

Floorarea AF = 30 m 
2 

W i  ndowarea Au = 3 - 9 m  2 

Roomvol u m  V = 75 m3 

Air-change r a t e  n = 0 . 5 0  Vh 

I n s t a l l e d  power P = 1000 U 

Heat ing setpo int  t .  = 20.0 OC (dayt ime) 

t .  15 .0  OC ( n i g h t t i m )  
1 

F igu re  3.1 Specif ications o f  t h e  standard tes t  room 

b) Details o f  t h e  standard tes t  room 

T h e  detai ls o f  t h e  room are  g i ven  i n  F igure  3.2 f o r  t h e  heavy weight  

cons t ruc t ion  and i n  F igu re  3.3 f o r  t h e  light weight construct ion.  

Two dimensional heat f lows have no t  been t reated by any program code. 



BRICK 

P A R T I T I O N  WALL 

F igu re  3.2 Details o f  t h e  s tandard  heavy  we igh t  tes t  room 

F igu re  3.3 Details o f  t h e  s tandard  light weight  tes t  room 
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c )  Construct ion data o f  t h e  standard tes t  room 

ide  walls 

External  

F l w r  and 

Cei l ing 

Table 3.1 Construct ion data: heavy weight  tes t  room 

Area 

lm21 

15 

72,5 

6.5 

30 

Material 

Material 

Plaster. 

B r i c k  

Plaster 

Fibercement 

A i r  space 

Minera lwwl  

B r i c k  

Plaster 

Carpet  

Mortar 

Mineralwool 

Concrete 

Plaster 

Element 

Par t i t ion  

wall 

Side walls 

R e a r  wail 

External 

wall 

F l w r  and 

Ceil ing 

W w d  

Mineralwool 

W w d  

Fibercement 

A i r  space 

Wood 

Mineralwool 

Wood 

d 

l m l  

0,005 

0,180 

0,005 

0,010 

0,030 

0,100 

0,120 

0,005 

0,005 

0.050 

0,020 

0,160 

0.010 

Area 

[m21 

15 

12.5 

6.5 

30 Wood 

A i r  Space 

Minera lwwl  

W w d  

A i r  space 

Part ic le 
boards 

joist 100 x 200 mm2 each 60 cm 
I I I 

2100 

1 jotst 50 x 80 mm2 each 80 cm 

Table 3.2 Construct ion data: light weight  tes t  room 

0,010 

0,030 

0,020 

0,120 

0,020 

0,020 

0,020 

0,050 

0,020 

0,110 

0,040 

d :  Thickness 

A: Thermal conduct iv i ty  

p:  Specif ic weight  

c :  Specif ic heat 

I I 
865 0,48 1800 

R = 0.17 [ma K/W] 

2100 

600 

2100 

2100 

0.14 

0,040 

0.14 

0,14 

R = 0.17 [mZ K/W] 

0,040 80 600 

0.14 I 500 / 2100 

R = 0.17 [m2 K/W] 

0.17 1 I 2700 

500 

40 

500 

500 



d) Fixed parameters o f  t h e  standard t e s t  room 

Windows (nominal values) 

U Window heat t rans fe r  coeff ic ient 

9 Solar factor  f o r  normal inc ident  radiat ion (see DIN 67507) 

E Emittance outside, in between and ins ide 

T h e  window area i s  20 % o f  t h e  f loor  area; 18,s % i s  frame, 81,s % i s  glazed 

area (double glazing).. 

Glazing (4/12/4) 

Frame (Wood) 

No night protect ion, no correct ions f o r  wall connections, no solar protect ion 

f o r  normal cases. 

U 

[W/m2 K l  

2,8 

2,o 

Area 

[m21 

4,9 

1,1 

In terna l  gains 

B y  inhabitants, lighting and equipments . . . . 
- f rom 6 p.m. t i l l  10 p.m. 200 [W] 

- otherwise 50 [w ]  

0 )  I 
0 6 10 16 90 

TIME 
F igu re  3 .4  Schedule o f  in terna l  gains 

9 

[-I 

0,77 
- 

In f i l t r a t i on  ra te  

0,s a i r  changes p e r  hour, constant day  and night. 

E 

[-I 

0,82 
- 

Repart i t ion o f  t h e  solar radiat ion 

30 B convect ive 

70 % rad ia t ive  (homogeneously d i s t r i bu ted  ove r  al l  surfaces, excl.  g laz ing area). 



e) Variable parameters ( f o r  base case calculations) 

Code 

HE: 

L I :  

so: 
NO: 

RE: 

NA: 

NI :  

Parameter 

Thermal mass 

heavy weight construct ion 

l i gh t  weight construct ion 

Orientat ion o f  t h e  external  wall 

south 

n o r t h  

Heating system 

Convect ive heating system, control led b y  a thermostat 

according to  the  zone temperature. 

Setpoint 2I0C day and n i g h t  

Without heat ing a t  all 

Setpoint 2I0C f rom 6 a.m. - 10 p.m. 

f rom 10 p.m. - 6 a.m. heat ing system o f f .  

Adjacent rooms: Temperature conditions 

on f i v e  surfaces, t h e  room is enclosed b y  adjacent rooms. 

Al l  adjacent rooms are a t  t he  same temperature as the  

standard tes t  room (Adjabatic condit ions f o r  t h e  walls between 

tes t  room and adjacent rooms). 

Al l  adjacent rooms are a t  f i xed  temperature 2I0C. 

Solar shadinq: 

In cases w i th  moveable solar shading devices it i s  assumed 

tha t  t he  shading i s  act ive as soon as t h e  inc ident  solar 

radiat ion on the  outs ide o f  t he  surface exceeds 300 W/m2. 

T h e  solar fac tor  o f  t he  window system wi th  closed in terna l  

b l inds:  

SF = 0,48 [-I 

"tot  = 2,62 [W/m2 K ]  



4. SIMPLIFIED BASE CASE CALCULATIONS 

I n  o r d e r  t o  i den t i f y  t h e  problem areas, where t h e  simulation codes may produce 

s ign i f i can t ly  d i f f e r e n t  results,  a check us ing  steady state boundary  condit ions has 

been per formed f o r  fol lowing questions: 

- In i t ia l  steady state s ta r t i ng  condit ions 

- Cooling ra te  o f  t h e  room a f te r  t u r n i n g  o f f  t h e  heat ing system. 

- Thermal response due  t o  1000 W in te rna l  gain ove r  5 hours.  

- Thermal response due t o  one d a y  o f  solar gains. 

The  specif ications o f  these simpl i f ied base case calculations are  tabulated in 

tab le  4.1. 

Initial 
steady atatc 
conditions 

Cooling rate 
(Heating off) 

AESOREAI 

Response 
from internal 
g a i n p u l s e  

HESOREAZ 

Response 
from solsr 
gain pulse 

Thermal Inputs 

- conatsnt ambient air temperature [0 ' C ]  
- no solsr or internal gains 
- Heating System on 

- constant ambient - Aur. Heating 
air temoerature 

-- 

- constant ambient - Interns1 Gains 
air temperature 

- no solar gains 
- Heating System on 
- Internal gains 

hours 1-5, day 3 

0 "h day 3 

- constent ambient - Solar Gains 
air temperature 

- no internal gains W 
- Heating System on 
- Solar gsins day  3 n 

k-i-rih 
day 3 

Thermal Response 

- Zone Temp. - lux. Hearing 

- Zone Temp. 

~- 

- Zone Temp. - Aur. Heating 

day day 

- Zone Temp. - A U X .  Heating 

Table 4.1 Specif ications o f  simpl i f ied base case calculations 



a) In i t ia l  s teady state condit ions 

T h e  resu l ts  o f  t h e  calculat ions are  summarized as fol lows: 

F igu re  4.1 shows t h e  calculated heat ing load, table 4.2a t h e  components of 

t h e  heat ing  load and table 4.2b t h e  thermal p roper t ies  o f  t h e  glazing. 

7 0 0  7 

OEROB OYWOH P A S S I M  D O E - 2 . 1 C  SERI -RES H E L l O S l  

F igu re  4.1 A u x i l i a r y  heat ing load f o r  steady state condit ions 

INITIAL STEADY STATE CONDITIONS (VALUES IN [ W I )  

Table 4.2a Load components f o r  in i t ia l  steady state s ta r t i ng  condit ions 

F igu re  4.2 shows t h a t  some simulation codes (DEROB, DYWON and  SERI-RES) 

need several days f o r  reaching steady state condit ions, due  t o  t h e  de f in i t ion  o f  

t h e  in i t ia l  node temperatures. Comparing sho r t  running periods, t h i s  e f fec t  may 

cause some d i f f i cu l t ies  in comparing t h e  resul ts .  



Program-Coda 

DEBOB 

DTYON 

PASSIM 

Conductance 
of glaring 
'G [Y1marl 

5.30 
(fixed) 

I I I I II 

T a b l e  4 . 2 b  Thermal  propert ies o f  t h e  glaz ing (4/12/4) f o r  steady state  

s tar t ing  conditions: ti = 21 OC, te = 0 OC, v . = 1 . 8  m/s, wind 

' longwave = 285 w/m2 (incoming longwave radiat ion) 

5.29 
(fixed) 

5.71 
(rariable) 

F i g u r e  4 . 2  

Exterior Film Coefficient 

ha,~adiation I hs.~onrection 
19.0 

(rariablc) 

2.5 DOE-2.1C 

2.8 SEPI-RES 

-uvloxm / HESORUI 

Auxi l iary  eating 

23.0 
(fixed). 

23.0 
(fixed) 

Day -4 D W  -3 D.y -2 Day -1 D++ 0 D 1 Day 2 D.Y 3 

Auxi l ia ry  heat inq load f o r  reaching t h e  steady state  

Interior Film Coefficient 
, 

hi.~sdiatioa ( hi.~onracrion 

12.5 
(rariable) 

5.30 
(fixed) 

5.30 
(fizad) 

Overall 
U-value 
[Y1m'K1 

3.1 

2.7 

2.8 

4.58 
(v~riable) 

4.27 
(variable) 

10.7 
(variable) 

23.0 
(fixad) 

2.61 
(rariabla) 

3.15 
(rariabla) 

8.3 
(fired) 

8.3 
(fixad) 



Conclusions 

T h e  deviat ions o f  t h e  steady state condit ions are  small. The  problem of 

comparing s h o r t  r u n n i n g  per iods is obvious, since some programms need 

several days  t o  reach steady state condit ions. 

T h e  d i f ferences in heat losses ( table 4.2) a re  l i ke ly  due  t o  di f ferences i n  

- heat  t rans fe r  coeff ic ient simpl i f icat ions (see Appendix D) 

- actual heat  t rans fe r  coeff ic ient values in models where these are  considered 

dependent  o n  actual condit ions. 

- 'heat capaci t iy  (p*c ) o f  t h e  room a i r  and  there fore  d i f f e r e n t  ven t i -  
P 

lat ion losses. 

b )  Cool ing ra te  

T h e  goal o f  t h i s  calculat ion run was t o  compare t h e  cool ing ra te  behaviour  of 

t h e  t e s t  room a f t e r  sw i tch ing  o f f  t h e  heat ing system. F igure  4.3 shows t h a t  

t h e r e  i s  a s ign i f i can t  d i f ference i n  temperature d r o p  f o r  t h e  f i r s t  hou r ,  b u t  a 

simi lar 

re*-m 

Z o n e  Temperature 

o-Y 3 D 4 o w  s oar s D DW a onr P D.Y lb o w  i t  

F igu re  4.3 Zone temperature a f t e r  sw i tch ing  o f f  t h e  heat ing system 
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T h e  f i r s t  s i x  hours  are  i l lus t ra ted  in more detai l  i n  f i g u r e  4.4 . 

- -=m 

Z o n e  Temperature 

F igu re  4.4 Detailed analysis o f  t h e  f i r s t  6 hou rs  o f  zone temperature 

DYWON and PASSIM, b o t h  program codes w i t h  sp l i t ted  in te rna l  f i lm coeff ic ients, 

show a v e r y  high temperature d r o p  o f  4 K w i th in  t h e  f i r s t  hour .  

Conclusion 

The.  mass storage ef fect  i s  s t rong ly  inf luenced b y  t h e  thermal model 

used f o r  coupl ing t h e  surfaces w i th  t h e  room a i r  temperature. The  

def in i t ion  o f  t h e  room a i r  temperature may there fore  no t  b e  equal in each 

program. The  problem o f  modeling t h e  i n te r i o r  heat exchange in a room and 

how t o  def ine a "zone temperature" wi l l  be  discussed in more detai l  i n  

Append ix  D.  



c )  Response f rom in te rna l  gain pu lse  

In te rna l  heat  gain sources may be  convect ive o r  radiat ive.  T h e  convect ive 

ga in  immediately inf luences t h e  heat ing  o r  cooling load and t h e  room a i r  

temperature, where t h e  rad ia t ive  heat gain, d i s t r i bu ted  over  all surfaces, 

shows a clear t ime lag. For  t h e  calculations a convect ive heat  ga in  source o f  

1000 W ove r  5 hou rs  has been assumed. 

F igu re  4.5 shows t h e  thermal response due  t o  t h i s  in te rna l  heat gain pulse, 

ove r  t h e  f i r s t  24 hours .  

, u u v l a x u  / -0- 

Z o n e  T e m p e r a t u r e  

F igu re  4.5 Zone temperature response f rom in te rna l  gain pulse 

* 
DOE-2.1 doesn' t  f u l l f i l l  t h e  assumption o f  100 % convect ive in te rna l  gains.  

A f i x e d  s p l i t  o f  60 8 rad ia t ive  and 40 % convect ive component has been 

used. 



Figure 4 . 6  

In  Table 4 .3  

8 day period 

-3 

Heating load response from internal gain pulse 

the relative daily auxil iary heating demand over the 

is tabulated. 

/ Za50- 

Heating 

whole 

I DAY I DEROB I DYWON I PASSIM ID O E - ~ . I C  ISERI-RES I HELIOS1 I 

TOTAL 

Table 4 . 3  Relative daily auxil iary heating demand 

96.2 96.1 96.2 95.6 96.0 95.8 



d) Response t o  solar heat  gain pu lse  

Solar radiat ion, penet ra t ing  t h e  glas surfaces may be  absorbed o r  ref lected 

on t h e  i n te r i o r  surfaces o r  may be  conver ted in to  a convect ive heat  gain 

component when fa l l ing  on  l ig thwe ight  surfaces l i ke  f u r n i t u r e .  

T h e  d i f f e r e n t  simulation codes handle t h e  d i s t r i bu t i on  o f  solar gains v e r y  

d i f fe ren t ly .  There fore  a g i ven  s p l i t  has been assumed f o r  t h e  solar radiat ion 

d i s t r i bu t i on :  

- 20 % convect ive (a i r  node) 

- 30 % f loor  area 

- 50 % all remaining surfaces. 

T h e  calculated temperature and heat ing load responses t o  a solar gain pulse 

o f  one d a y  are i l lus t ra ted  i n  f i gu res  4.7 and 4.8 . 

m-rn / ~ ~ 9 0 -  

Zone Temperature  

F igu re  4.7 Zone temperature response t o  solar heat gain pulse 

( f i r s t  24-hour per iod)  



Figure 4.8 Heating load response to solar heat gain pulse 

(6  day period) 

The relative daily auxiliary heating demand ist tabulated in table 4 .4  over 

the whole 8 day period. 

Table 4.4 Relative auxiliary heating demand 

9 
- 

10 

100.0 

100.0 
- 

99.5 

100.0  

TOTAL 

99.5 

100.0  

88.1 

99.9 

100.0 

88.6 

99.9 

100.0 

88 .7  

99.9 

100.0 

85.8  87.3 87.1 



Conclusions 

The differences in peak zone temperatures are quite significant (4  K ) .  

The way how solar gains are distributed and what thermal coupling model 

between surfaces and room air has been used are responsible for the 

deviations (see also Appendix C and D). 



5. BASE CASE CALCULATIONS (10 DAY WINTER PERIOD) 

T h i s  p a r t  o f  t h e  comparison o f  t h e  d i f f e ren t  simulations codes deals w i th  

calculations over  a 10-day w in ter  period (8. - 17. February  1981, 

Geneva weather data). 

T h e  calculations f o r  t h e  base case studies follow t h e  scheme in Table 5.1. 

Ident i f icat ion 
code 

HESORE-A 

HESONA-A 

HESORE-B 

HESONA-B 

HENORE-A 

LISORE -A 

LISONA -A 

LISORE -B  

LISONA -B  

LINORE -A 

LINONA -A 

LISOBL -A 

HENONI -A 

Bu i ld ing  Or ien-  Heating Solar Temperature 
t y p e  tat ion system shading adj .  rooms 

HE SO RE - A 

HE SO N A - A 

HE SO RE - B 

HE SO N A - B 

Table 5.1 Calculation scheme f o r  t h e  base case calculations 

Bu i ld ing  t ype :  HE 
L I 

Or ientat ion : SO 
NO 

Heating system: RE 
N A 
N I 

Solar shading: - 
B L 

heavy weight construct ion 
l i g h t  weight construct ion 

south 
n o r t h  

Set po in t  21°C day and night 
wi thout  heat ing a t  all 
N igh t  heat ing system o f f  

no solar shading 
in terna l  venetian b l inds  

Temp.adj. rooms: A 
B 

adiabatic walls 
adjacent rooms 21°C 



a) Solar gain simulator 

In  Table 5.2, the results for the solar gain calculations are shown for the 

south and the north facade. 

- Solar radiation before and after glazing 

- Solar transrnissivity 

- Solar absorptivity inner pane 

PROGRAU I DEROB I DYWON I PASSIM I D O E - ~ . ~ C I S E R I - R E S I  HELIOSI 

a )  South facade 

Incident Radiation [MJ/m21 

Direct 

Diffuse 

Total 

72.5 

26.1 

98.6 

PROGRAU 

Transmitted Radiation l M ~ / m ~ l  

b )  North facade 

Table 5.2: Comparison of solar gain calculations 

71.6 

26.4 

98.0 

70.1 

20.4 

90.5 

Transmitted Radiation lP!J/m21 

Solar Transmissivity [ - I  

DEROB PASSIM 

Incident Radiation i M ~ / m ~ l  

Direct 

Diffuse 

Total 

74.5 

22.3 

96.8 

50.4 

17.0 

67.4 

SERI-RES DYWON DOE-2.lC 

0.0 

11.9 

11.9 

0.00 

0.64 

0.64 

Direct 

Diffuse 

Total 

Direct 

Diffuse 

Total 

HELIOSl 

Direct 

Diffuse 

Total 

0.0 

12.7 

12.7 

0.0 

10.7 

10.7 

76.4 

20.4 

96.8 

47.8 

18.8 

66.6 

Solar Transmiseivity [ - 1 

0.3 

18.8 

19.1 

0.0 

15.1 

15.1 

0.71 

0.71 

0.71 

66.9 

29.3 

96.2 

50.5 

16.3 

66.9 

49.9 

14.6 

64.5 

0.2 

12.6 

12.8 

0.6 

18.5 

19.1 

49.9 

14.9 

64.8 

Solar absorptivity of inner pane 1 - 1  

Direct 1 0.074 1 0.070 1 0.054 1 1 0.057 1 0.043 

0.70 

0.63 

0.68 

Direct 

Diffuse 

Total 

0.0 

10.9 

10.9 

0.67 

0.67 

0.67 

53.3 

12.0 

65.3 

0.70 

0.64 

0.69 

0.71 

0.71 

0.71 

0.0 

14.4 

14.4 

0.0 

9.2 

9.2 

0.00 

0.64 

0.64 

0.00 

0.59 

0.57 

0.71 

0.64 

0.69 

0.67 

0.67 

0.67 

0.00 

0.63 

0.63 

0.70 

0.59 

0.67 

0.0 

19.1 

19.1 

0.0 

19.7 

19.7 



b )  Analysis of heat flux balance and temperature behaviour 

In  Tables 5 . 3  - 5.15 are given for the thirteen base case calculations heat 

fluxes and information about the temperature behaviour of the room. 

T E M P E R A T U R E S  [ O C ]  Period: 8.  2.  - 17 .  2 .1981 Geneira 

H E A T  F L O W S  [ M J I .  Period: 8.  2 .  - 1 7 .  2.1981 Geneva 

Table 5.3 Heat flux balance and temperature behaviour 

Base case HESORE-A 



T E M P E R A T U R E S  I o C 1  Period: 8.  2. - 17. 2.1981 Geneva 

H E A T  F L O W S  [ M J ]  Period: 8 .  2. - 17. 2.1981 Geneva 

I I I I 1 I 

Table 5 . 4  Heat flux balance and temperature behavior 

Base case HESONA-A 

Mean Floor Surface 20.3 20.2 10.8 19.3 19.5 



T E M P E R A T U R E S  ['C] Pe r iod :  8.  2.  - 17. 2 .1981  Geneva 

PROGRAM 

Mean Indoor  A i r  

Minimum Indoor  A i r  

Maximum Indoor  A i r  

Mean Outdoor A i r  
I I I I 

DEROB 

2 1 . 2  

21 - 0  

2 3 . 2  

1 . 9  

Mean Glaz.  S u r f .  In .  
I I I I 1 

HELIOSl DYWON 

21.8 

21 .O 

28 .0  

1 . 9  

Mean Glaz. S u r f .  Out 

Mean C e i V n g  Sur-face 

Mean F l o o r  S u r f a c e  

H E A T  F L O W S  [ M J ]  Per iod :  8.  2.  - 17 .  2 .1981  Geneva 

PASSIM DOE-2.1C 

1 6 . 8  

4.7 1 

T a b l e  5.5 Heat  f l u x  ba lance  a n d  t e m p e r a t u r e  b e h a v i o u r  

B a s e  c a s e  HESORE-B 

SERI-RES 

21.6 

21 .O 

25.8  

1 . 9  

21.0  

2 1 . 4  

1 4 . 9  15 .7  

21 - 5  

21.6 

21 . 8  

2 1 . 9  



T E M P E R A T U R E S  LOCI Period: 8. 2. - 17. 2.1981 Geneva 

I , I I , 
Mean Floor Surface 18.8 20.6 20.9 20.8 

H E A T  F L O W S  [ M J ]  Period: 8. 2. - 17. 2.1981 Geneva 

Table 5 . 6  Heat flux balance and temperature behaviour 

Base case HESONA-B 



T E M P E R A T U R E S  [OC] Period: 8. 2. - 17. 2.1981 Geneva 

H E A T  F L O W S  [ M J ]  Period: 8. 2. - 17. 2.1981 Geneva 

Solar Gains 

I I I I I I 

Table 5 . 7  Heat flux balance and temperature behaviour 

Base case HENORE-A 

Total Heat Losses 52 2 479 454 453 1 488 493 



T E M P E R A T U R E S  [OCI Period: 8. 2. - 17. 2.1981 Geneva 

H E A T  F L O W S  [ M J I  Period: 8. 2. - 17. 2.1981 Geneva 

I I I I I I 

'PROGRAM DEROB 

Glazing Area 

Window Frames 

External Walls 

Ceiling 

Floor 

Partition Walls 

Mean Floor Surface 

Total 1 334 

22.8 

Air Infiltration 1 223 1 230 1 223 1 228 1 226 1 228 

22.8 24.3 23.2 . 24.2 

I I I I I I 

I I I I I I 

Total Heat Gains 385 1 417 1 412 1 375 1 421 1 41 7 

Total Heat Losses 

Solar Gains 

557 

Internal Heat Gains I 65 1 65 1 65 1 65 ( 65 1 6 5 

320 

I I I I I I 

Tab le  5.8 Heat f l u x  balance and temperature behaviour  

Base case LISORE-A 

Auxiliary Heating 
I I I I I I 

548 1 544 

352 

173 1 133 1 134 1 109  1 129  1 125 

Heating Peak Load W 

484 

347 

500 549 

551 

31 0 

497 

542 

357 

,479 

352 

563 607 



T E M P E R A T U R E S  ['C] P e r i o d :  8. 2. - 17. 2.1981 Geneva 

H E A T  F L O W S  [ M J ]  P e r i o d :  8. 2. - 17. 2.1981 Geneira 

I I I I I I 

E x t e r n a l  Walls 

Mean F l o o r  S u r f a c e  

Table 5 .9  Heat f lux balance and temperature behaviour 

Base case LISONA-A 

12.2 19.3 18.9 20.1 19.9 



T E M P E R A T U R E S  ["CI Per iod:  8. 2. - 17. 2.1981 Geneva 

H E A T  F L O W S  [ M J ]  Per iod:  8. 2. - 17. 2.1981 Geneva 

I I I I I I 

Table 5.10 Heat flux balance and temperature behaviour 

Base case LISORE-B 

Mean F l o o r  S u r f a c e  22.3 22.3 23.0 22.8 



T E M P E R A T U R E S  [OC]  Period: 8. 2. - 17.  2.1981 Geneva 

H E A T  F L O W S  [ M J I  Period: 8. 2 .  - 17 .  2 .1981 Geneva 

Table 5.11 Heat f lux  balance and temperature behaviour 

Base case LISONA-B 

Tota l  Heat Losses 

Solar Gains 

Internal  Heat Gains 

Total Heat Gains 

Auxi l iary  Heating 

385 

3 2 0  

6 5 

385 

0 

421 

3 5 2  

6 5 

41 7 

0 

422 

357 

6 5 

421 

0 

41 7 

3 5 2  

6 5 

41 7 

0 



T E M P E R A T U R E S  LOCI P e r i o d :  8. 2. - 17. 2.1981 G e n e v a  

H E A T  F L O W S  [ M J I  P e r i o d :  8 .  2. - 17. 2.1981 G e n e v a  

Table 5.12 Heat flux balance and temperature behaviour 

Base case LINORE-A 



T E M P E R A T U R E S  [OCI Period: 8 .  2 .  - 17.  2.1981 Geneva 

 PROGRAM I DEROB I DYWON I PASSIM 

Mean Indoor A i r  10.1 

Minimum Indoor A i r  5 . 0  

lMaxirnum Indoor A i r  I 1 1 7 . 9 1  

l ~ e a n  Outdoor A i r  I 1 l m 9 1  

Mean Glaz.  S u r f .  In .  7 .0  

Mean Glaz .  S u r f .  Out 2 .9  

Mean C e i l i n g  Surface  10 .5  

Mean F loor  Surface  10 .4  

H E A T  F L O W S  [ M J ]  Period: 8 .  2 .  - 17.  2.1981 Geneva 

Table 5 .13  Heat flux balance and  temperature  behaviour 

Base  c a s e  LINONA-A 



T E M P E R A T U R E S  ["C] period: 8.  2.  - 1 7 .  2..1981 Geneva 

aximum Indoor Air 

H E A T  F L O W S  [ M J ]  Period: 8 .  2. - 1 7 .  2 .1981 Geneva 

J~artition walls I I O 1 O I I O I O I 

Glazing Area 

Window Frames 

External Walls 

Ceiling 

l~ir Infiltration / 1 221  1 2 1 4 1  1 4 5 1  211 I 2 1 0 1  

Total Heat Losses 

Total Heat Gains 

33 

2 7 

2 

Table 5.14 Heat flux balance and temperature behaviour 

Base case LISOBL-A 

2 3 8  

3 1 

2 6 

3 

1 5 0  

1 8  

1 6  

2 4 3  

32  

2 5 

1 

2 3 2  

32  

2 8 

0 



T E M P E R A T U R E S  [OCI Period: 8. 2. - 17.. 2.1981 Geneva 

PROGRAM I DEROB I DYWON I PASSIM IDOE-Z.ICISERI-RESI HELIOSI 

[Minimum Indoor Air I 1 16.1 1 1 17.9 1 18.5 ( 18.7 

I I I I I  I 

l~aximum Indoor Air I 1 21.0 1 1 21.1 1 21.0 1 21.0 

20.5 Mean Indoor Air 

IMean Glaz. Surf. Out 1 1 4-0 1 I I 1 4.4 

Mean Outdoor Air 

]Mean Ceiling Surface 1 1 19.2 1 I 1 20.6 1 20.6 

19.8 

IMean Floor Surface I 1 19.1 1 I 1 20.6 ( 20.6 

1.9 

H E A T  F L O W S  [ M J ]  Period: 8. 2. - 17. 2.1981 Geneva 

20.3 

Table 5.15 Heat flux balance and temperature behaviour 

Base case HENONI-A 

20.5 

1.8 

14.2 Mean Glaz. Surf. In. 

1.9 

12.8 

1.9 

14.3 



c)  Zone temperature and auxiliary heatinq demand 

In  Figures 5 .1  - 5.3, the zone temperature and the auxiliary heating demand 

are hourly plotted for day 9 und 10 (16. + 17. February) for three cases 

(HESORE-A, HENORE-A, LlSORE-A). 

a)  Zone temperature 

m-rn / xeso- 

Zone Temperature 

b )  Auxiliary heating demand 

Figure 5 . 1  Base case calculations: HESORE-A 



a)  Zone temperature 

IEA*MUXII  / m o m  

Zone Temperature 

b)  Auxil iary heating demand 

Figure 5.2 Base case calculations: HENORE-A 



Zone Temperature 

-.Fob 

a )  Zone temperature 

I A u x i l i a r y  

/ - 
Heating 

l7.Pob 18.P-b 

b) Auxi l iary heating demand 

F igure  5 . 3  Base case calculations: LISORE-A 



d) Conclusions 

From t h e  calculation r u n s  over  a 10 day per iod it appeared, t h a t  t h e  s ta r t i ng  

condit ions may have a s igni f icant  inf luence since d i f f e ren t  in i t ia l  mass tempera- 

t u r e s  may occur according t o  t h e  chosen heat exchange model in t h e  room. Be- 

s ide these problems t h e  fol lowing conclusions may be drawn f rom t h e  calculation 

runs :  

. Al l  solar radiat ion models, used by t h e  d i f f e ren t  programs, show a good 

agreement o f  t h e  resul ts  f o r  t h e  total  inc ident  radiat ion but qu i te  obvious 

d i f ferences in t h e  sp l i t  i n to  d i rec t  and d i f fuse components. 

. HELIOS 1, SERIRES and DOE 2.1C, programs w i th  d i f f e ren t  simplif ications 

t rea t i ng  in terna l  heat exchange in the  room, show qu i te  similar resul ts  f o r  

t h e  aux i l ia ry  heat ing demand as well as f o r  t h e  zone temperature. 

. DYWON, PASSIM and DEROB, programs w i th  complex in terna l  coupl ing mo- 

dels ( sp l i t  i n to  convect ive and radiat ive heat exchange) show qu i te  large dif- 

ferences in aux i l ia ry  heat ing demand and room airtemperature. 



6. TEST CASE CALCULATIONS (SEASONAL AUXILIARY HEATING DEMAND) 

a) Tes t  case specif ications 

In o rde r  to  invest igate the  deviat ion in pred ic t ing  seasonal aux i l ia ry  

heat ing demand the  fol lowing tes t  case specif ications have been used 

(Table 6.1). Case A corresponds to  f ree  temperature contro l  (no shading 

and extra-vent i la t ion) ,  case B to  a vent ing  set po in t  o f  26 OC and solar 

shading s t ra tegy .  

I n  F igures 6.1 and 6.2, t he  seasonal aux i l ia ry  heat ing demands are compared. 

F igu re  6.1 

F igu re  6.2 Aux i l i a ry  heat ing demand Test  case B 



Bu i ld ing  mass: 

Room or ientat ion:  

Room location : 

Boundary  condit ions: 

Window area: 

Glazing t ype :  

(nominal values) 

Frame t ype :  

Ex terna l  wall: 

Par t i t ion  walls: 

Cei l ing : 

Floor :  

Temperature contro l :  

I n te rna l  gains:  

Vent i lat ion: 

Solar p ro tec t ion  : 

Climate: 

I ni t ia l isat ion: 

Heating de l i ve ry :  

Heat ing regulat ion:  

Heat ing mode: 

Heavy 

South 

Center  o f  t h e  bu i l d ing  

Adiabat ic 

A = 4.5 m2 (g laz ing)  
9 

A = 1.5 m2 (frame) f 
Double g laz ing (4/12/4) 

U = 3, l  w/m2 K 
9 

g = 0,75 (solar fac tor )  

Wood, Uf = 2.0 w/m2 K 

A = 6,s m2 

U = 0,3 w/m2 K 

A = 42,5 m2 

A = 30,O m2 

A = 30,O m2 

tset = 20,o "C 

Case A:  tmax = f ree  

Case 6:  tven = 26 OC (ven t i ng  set po in t )  

8 a.m. - 6 p.m. 100 w 
6 p.m. - 10 p.m. 400 W 

10 p.m. - 8 a.m. 0 w 
n = 0,6 l / h  (constant)  

Case B :  Increased vent i la t ion n = 10 l / h  if indoor 

zone temperature exceeds 26 OC. 

Case A:  no  shading devices 

Case B:  external  shading device, reduc ing  t h e  

solar fac tor  b y  0,3 if inc ident  radiat ion on  window 

sur face exceeds 500 w/m2 

Geneva, 1. October - 30. A p r i l  1981 

21 . Sept.  t o  30. Sept.  80 

Convector  system 

Indoor a i r  temperature 

Continuous heat ing 

Table 6.1 T e s t  case specif icat ions 

(nominal values) 



b )  Zone temperature and auxil iary heating demand 

I n  Tables 6 . 2  and 6 .3 ,  monthly and heating period summaries for  the  di f -  

f e ren t  simulation codes a re  compared, Table 6 . 2  for  Test  case A and Table 6 . 3  

fo r  Test  case 8. 

DEROB 

-1 340 
1332 

5 
28.8 
44.0 

DYWON 

-1 423 
1404 

13 
26.3 
36.8 

PASSIM 

-1 280 
1269 

4 
28.3 
41 -6 

ERI-RES HELIOSl 

October 

November 

December 

January 

February 

March 

April 

Table 6 . 2  Zone temperatures and auxil iary heating demand 

Test  case A 

Q~oss [MJI 
Q~ains [MJI 

[MJI FAUX. [ .,c] i 
ti,max [ "cl 

Q~oss [MJI 
Q~ains [MJ1 FAUX. IMJI 

I "CI 
ti ,max I o.C I 

Q~oss [MJI 
Q~ains IMJI 
QAux. [MJl 
ti ['CI 
ti,max [ "cI 

Q~oss [MJI 
Q~ains IMJI 

IMJI FAUX. [OC] 

ti, max [ O C I  

Q~oss [MJI 
Q~ains [MJI FAUX. [MJI 
i [ "CI 

ti,max [ "cl 

Q~oss [MJI 
Q~ains [MJ] 

[MJI QAUX. [OC] 
ti 
ti,max [ "cl 

[MJI 

l0C1 

TOTAL 

QLOSS [MJI 

Q~ains [MJI 
[MJI Q~ux. [Ocl 

ti 
ti.max ['CI 

-11404 
8753 
2645 
24.4 
44.1 

-10559 
7857 
2680 
22.9 
36.8 

-9538 
6997 
2533 
23.2 
41.6 

-9279 
6647 
2632 
22.8 

' 35.3 

-9799 , 

7062 
2737 
23.0 
36.2 

-9610 
6957 
2654 
22.8 
34.2 



DEROB DYWON 'ASSIM IOE-2.1 C ISERI-RES I HELIOSl 

Q ~ o s s  [MJI 
[MJI 'Gains [MJl riovember 

$uX - ["Cl  

ti. max [ OCI 

[MJI 
[MJI 

January [MJI 

Table 6.3: Zone temperatures and auxiliary heating demand 

Test case €3 

-8721 
5248 
3473 
21 .O 
26.3 

TOTAL 

-9284 
5802 
3468 
21 .O 
28.3 

-8738 
5465 
3205 
21.2 
26.4 

[MJ] 
QLOss 'Gains [ MJI 

EAux. [MJI 
i ["CI 

ti,max [ "CI 

-11138 
8188 
2946 
21.7 
29.7 



c )  Conclusions 

T h e  calculation resu l ts  o f  t h e  seasonal aux i l ia ry  heat ing demand f o r  

t es t  case A (no shading and ven t i ng  s t ra tegy)  var ies w i th in  a deviat ion 

band  o f  ?r 5 %. T h e  calculated mean zone temperatdres range f rom 22.8 

t o  23.0°C except  f o r  DEROB which obtained a much h igher  value of 24.4OC. 

T h e  high solar gains in DEROB are  due t o  t h e  simplif ications in t h e  solar 

model. 

For  t h e  tes t  case B ( inc lud ing  shading and ex t ra  vent i la t ion)  t h e  resu l ts  

in aux i l i a r y  heat ing demand, calculated b y  DYWON, HELIOS 1, and PASSIM 

agree w i th in  4 8, DEROB shows a deviat ion o f  -17 %. 

T h e  calculated examples demonstrate v e r y  clearly, t ha t  t h e  chosen boundary  

condit ions have an important  in f luence on t h e  aux i l ia ry  heat ing demand. T e s t  

case B (w i th  some real ist ic assumptions o f  inhabi tants behaviour)  shows an 

increase o f  t h e  heat ing demand o f  +30 %. 

A s  general conclusion o f  t h e  va l i d i t y  o f  bu i l d ing  simulation codes, all programs 

pred ic ted  t h e  same aux i l ia ry  heat ing demand w i th in  f 5 8 deviat ion band, but 

t h e  components o f  t h e  heat balance may d i f f e r  in a l a rge r  deviat ion band. 



7. CONCLUSIONS 

T h e  work  per formed w i th in  step 4 has shown t h e  fol lowing problems which have 

t o  b e  considered f o r  a program comparison: 

- D i f fe ren t  levels o f  input / o u t p u t  documentation o f  t h e  programs. Each p ro -  

gram should have t h e  same level o f  data documentation. A t  least a detai led 

bu i l d ing  heat balance and information on  zone temperatures should be  

available in o r d e r  t o  check and analyse t h e  resul ts .  T h e  par t ic ipants agreed 

t o  establ ish a standardized ou tpu t  data s t r u c t u r e  f o r  each code. 

- Since each program code has i t s  own algori thms and key  parameters, t h e  

possibi l i t ies o f  changing i n p u t  parameters are  l imited f rom code t o  code 

d i f f e ren t .  Of ten some parameters cannot be  a l tered b y  t h e  program user  

w i thout  changing t h e  source code. There fore  t h e  user  o f  t h e  program needs 

t o  know t h e  algori thms and simpl i f icat ions o f  h i s  program i n  detail. I n  o r d e r  

t o  meet i n p u t  data requirements it was necessary t o  adapt t h e  source codes 

b y  t h e  par t ic ipants.  A tota l  agreement o f  al l  parameters was no t  possible 

since t h e  complexity o f  t h e  used algori thms were d i f fe ren t .  

- T h e  procedure  used w i th in  t h i s  step has been chosen so, t ha t  t h e  main 

problem areas can b e  ident i f ied.  There fore  th ree  d i f f e ren t  levels o f  cal- 

cu lat ion r u n s  have been performed: 

- steady state condit ions and g iven thermal response si tuat ions 

- sho r t  per iod  calculations w i th  real weather data 

- seasonal calculations based on real weather data 

T h e  invest igat ions showed v e r y  clearly,  t ha t  due  t o  t h e  number o f  parameters 

invo lved i n  t h e  simulation and t h e  simpl i f icat ion levels o f  t h e  algorithms, 

t h e  analyses o f  t h e  resu l ts  implies a detailed knowledge o f  t h e  program code. 

T h e  following conclusions may b e  drawn f rom t h e  work  which has been pe r -  

formed: 

. Deviat ion in seasonal aux i l ia ry  heat ing demand is small (2 5 %). 

. Deviations in h o u r l y  peak loads and f loat ing zone temperatures a r e  much 

b igge r .  

These di f ferences are  mainly due  t o  t h e  d i f ferences in approach f o r  t rea t i ng  

heat  t rans fe r  between surfaces and room a i r  (see appendix D). 



T h e  fol lowing factors have a s igni f icant  in f luence on t h e  resul ts :  

- D is t r ibu t ion  o f  solar gains in t h e  room (absorbed component, convect ive 

component due t o  fu rn i tu re ) .  

- T y p e  o f  in ternal  loads (convect ive and/or radiat ive)  

- Thermal coupl ing between room a i r  and in terna l  surfaces. 

- Addi t ional  heat exchange surfaces in a room, which inf luence t h e  zone 

temperature ( fu rn i tu re ,  people, cur ta ins,  . . .) 

T h e  simulation o f  t h e  thermal behaviour o f  a bu i l d ing  is v e r y  complex f rom the  

p o i n t  o f  view o f  t h e  input parameters, which may n o t  be  def ined c lear ly  

enough. There fore  the  complexity level o f  t he  simulationcode selected should 

match t o  t h e  level o f  uncer ta in ty  present  in t h e  building descr ipt ion and weather 

data.. T h e  program user  has t o  unters tand t h e  d i f f e ren t  simplif ications o f  h is  

program algori thms i n o r d e r  t o  make a cor rec t  input ,  corresponding w i th  t h e  

descr ipt ion o f  t h e  building. 

While overal l  agreement in the  average heat use calculations between al l  t he  

programs was good (w i th in  5%), detai led behaviours were found t o  d i f f e r  in 

areas related t o  t h e  t rans ient  response o f  t h e  room. These dif ferences were 

t raced t o  d i f ferences in calculational algori thms which impl ic i t ly  include 

d i f f e r e n t  physical  assumptions about t h e  manner in which the  room contro l  

systems ( t h a t  is, thermostat and heat ing equipment) behave and in which t h e  

room responds t o  solar gain.  

T h e  t rans ient  behaviour  o f  t h e  room may a f fec t  t he  manner in which windows 

a re  ut i l ized, because the  need t o  avoid local overheat ing wi l l  contro l  t h e  ex tent  

t o  which solar gain i s  tolerable and day l igh t ing  i s  ut i l izable. 

I t  can be seen, therefore,  t h a t  even when sophisticated models w i th  care- 

fully matched input assumptions are chosen and when t h e  resu l tan t  heat ing 

demand calculations agree, the re  remain d i f ferences in physical  assumptions 

which may important ly  a f fec t  t he  window performance calculation. T o  insu re  

t h a t  these calculations are correct ,  it i s  there fore  necessary t o  choose a model 

which co r rec t l y  represents these details o f  room behaviour f o r  t he  t y p e  of space 

be ing studied.  In general, however, t h e  detai led physical  behaviour o f  rooms 

i s  n o t  known suf f i c ien t ly ;  t h i s  should be subject f o r  f u t u r e  research. 



Annex A 

Effect of selected timestep and number of nodes in  a finite difference 

network model 

TPD-TNO Delft, NL 



1 . INTRODUCTION 

Many unsteady s t a t e  computer models use the concept of f i n i t e  

d i f f e rences  t o  s imulate t he  thermal responses w i t h i n  b u i l d i n g  

elements. 

For the model l ing o f  wal ls ,  f l o o r  o r  other cons t ruc t ions  w i t h  a  

f i n i t e  thermal c o n d u c t i v i t y  and thermal capaci ty  the depth o f  t he  

cons t ruc t i on  can be d i v i ded  i n t o  one o r  a  number o f  layers .  The 

h igher  the chosen number o f  nodes the more accurate t he  

ca l cu la ted  response, a t  t he  cost  o f  h igher  computation time. 

The accuracy and computation t ime i s  a l so  in f luenced by t h e  

chosen s i ze  o f  the t imestep. 

The comparative c a l c u l a t i o n s  i n  Step 4, e.g. the s i m p l i f i e d  base 

cases show la rge  dev ia t i ons  i n  the hour ly  r e s u l t s  between the  

d i f f e r e n t  computer codes. 

One o f  the poss ib le  sources could be the choice o f  number o f  

nodes and t imestep s ize.  

I n  the fo l l ow ing  the  e f f e c t  o f  number o f  nodes and t imestep s i z e  

i s  i l l u s t r a t e d  by comparing a n a l y t i c a l  s o l u t i o n s  o f  heat  

pene t ra t i on  i n t o  a  w a l l  w i t h  thermal node netnorks. 

The examples are v a l i d  f o r  an i m p l i c i t  s o l u t i o n  technique. 

2. SELECTED EXAMPLES 

Wall type: 

As t y p i c a l  example a  w a l l  has been se lec ted  w i t h  the f o l l o w i n g  

proper t ies :  

depth 0.20 m; 

c o n d u c t i v i t y  1.7 W/mK; 

mass dens i ty  2500 kg/m3 

thermal capaci ty  840 J/kgK. 

Selected w a l l  models: 

The w a l l  has been modelled by a  s i n g l e  node ( f i g u r e  l a )  and a  

four  nodes network ( f i g u r e  l b ) .  



Selected timestep sizes: 

Three different timestep sizes have been selected for the 

calculations: At1 = 1 min. 

At2 = 15 min. 
A t3 = 1 hr. 

Calculations: 

Two calculation cases have been selected. For both cases the 

thermal response can also be calculated by solving the 

differential equations analytically. 

The comparison with the analytical solutions illustrates the 

effect of selected wall model and timestep on the accuracy of the 

results. 

The selected calculations are: 

Boundary conditions: -------------------- 

Initial wali temperature: 2W C; steady state situation. The 

conditions at both surfaces of the wall are considered adiabatic. 

At time t = 0 the surface tempereture , 01, is step-wise 

increased from R 1  = 20 O C  to 01 = 30 OC. This results in a 

penetration of heat, q ,  into the wall and a gradual increase of 

the temperatures inside the wall. 

At time = 0 a heat flux , ql = 100 w/m2 is imposed on the wall 

surface 1. This results in an immediate temperature rise of 01 

and a gradual increase of the temperatures inside the wall. 

3. RESULTS 

For case 1, the results are presented as the amount of heat 

penetrated into the wall since time zero, Ql (t). See figure 2. 

For case 2, figure 3 presents the calculated surface temperature 



Figure l a :  Single node representation. 

Figure l b :  Four nodes representation. 

el , . . ,n : wall temperature at successive locat ions inside the wall (O C) 

81 9 e n  : wall surface temperatures P C )  

Yl ,..., 4 : thermal conductance of layers 1,. . ,4 (w/~'K) 
2 

, . . ,4  
: thermal capacity of layer 1 , .  . ,4 (J/m K) 

Figure 1: Selected finite difference models for the wall. 



0 + time I 2 3 hr 

I - 7 

FOUR NODES REPRESENTATION 

0 + time I 2 3 hr 

-: analytical 
solution 

finite difference 
calculations: 

0 : A t =  I h r  
A : A t  = 15 min. 
---: A t  = I min. 

Figure 2: Heat penetrated into the wall as a result of a surface 

temperature step of 10 K at time zero. 



0 4 time 1 2 3 hr 

-. . analytical 
solution 

FOUR NODES REPRESENTATION 
finite difference 
calculations: 

0 : A t =  l h r  
A : A t  = 15 min. 

I - :  A t  = 1 min. 

0 - time 1 2 3 hr 

Figure 3: Surface temperature of the wall as result of an imposed 

heat flux q l  = 100 W/m2 from time zero. 



4. DISCUSSION OF RESULTS 

The results presented in figures 2 and 3 lead to the following 

observations: 

Penetrated heat as  result  of  tenperature s tep (f igure 2): 

With a single node representation the amount of heat 

penetrated into the wall is underestimated seriously. 

This is caused by the fact that the surface temperature 

step in this model is confronted with the thermal 

resistance from surface to mid-wall. In reality (analytical 

solution) the relevant depth for the heat penetration is 

much smaller. 

The single node model misses the initial peak in the 

penetrating heat, irrespective of the chosen timestep size. 

With the four nodes representation the amount of heat 

penetrated into the wall is calculated correctly for the 

first timestep, irrespective of the timestep size. For the 

next timesteps the penetrated heat is somewhat 

overestimated. 

Surface taperature  a s  result  of  imposed heat f lux ( f igure  3): 

With the single node representation the calculated surface 

temperature at the end of each timestep is much too high, 

irrespective of the chosen timestep size. 

With the four nodes representation the. calculated surface 

temperature at the end of each timestep is correct in case 

o f  large timestep, but overestimated in case of m a l l  

t imestep sizes. 

This seems surprising, but it can again be explained by the 

difficulty of the finite difference model to simulate a 

high frequency change with penetration depths significantly 

smaller than the layer depth in the model. 



The choice o f  a  smal l  t imestep s i z e  has no p o s i t i v e  e f f e c t .  

On the  contrary,  i n  case o f  an i m p l i c i t  s o l u t i o n  technique 

a  quasi steady s t a t e  s i t u a t i o n  i s  assumed a t  each end o f  a  

t imestep. For too smal l  t imesteps, i n  r e l a t i o n  t o  the t ime 

constant o f  t he  nodes, t h i s  cond i t i on  i s  v io la ted .  The t ime 

constant o f  t he  s i n g l e  node i s  roughly 15 hours; f o r  t he  

fou r  nodes the "RC-time" per node i s  roughly 1  hour. 

5. CONCLUSIONS 

Examples have been presented o f  r e s u l t s  obtained w i t h  a  f i n i t e  

d i f f e r e n c e  network w i t h  an i m p l i c i t  s o l u t i o n  technique. 

For t he  se lec ted  examples o f  heat penet ra t ion  i n t o  a  heavy weight 

w a l l  the s i n g l e  node representa t ion  leads t o  ser ious  dev ia t i ons  

from the r e a l  t r a n s i e n t  thermal behaviour, i r r e s p e c t i v e  o f  the 

se lec ted  t imestep s ize.  

The f o u r  nodes representa t ion  leads t o  co r rec t  r e s u l t s ,  except i n  

case o f  smal l  t imesteps compared t o  the t ime constant o f  t he  

nodes. 

I n  general  one can conclude t h a t  a  co r rec t  t r a n s i e n t  thermal  

response can only  be reached i f  t he  number o f  nodes i s  

s u f f i c i e n t l y  l a rge  t o  get  t ime constants per node l e s s  than 

o r  equal t o  t he  t ime step o f  the ca l cu la t i on .  

This imp l ies ,  t h a t  when the t ime s tep  s i z e  i s  decreased, t h e  

number o f  nodes should be increased accord ingly ,  i n  order t o  

avoid erroneous r e s u l t s .  

I n  t he  DYWON-calculations i n  Step 4 a l l  b u i l d i n g  elements have 

been modelled as four  nodes networks and f o r  t he  t imestep s i z e  1 

hour was chosen. 

Technisch Physische Dienst  TNO-TH 

( I n s t i t u t e  o f  Appl ied Physics) 

I r .  H.A.L. van D i j k  
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Influence of indoor air  mass and thermal couplings between indoor 

a i r  and inside surfaces 

GRES EPF Lausanne, CH 



SOME MODELlZATlON TESTS USING "PASSIH4" 
N i c o l a s  MOREL 

Groupe de Recherche en E n e r g i e  S o l a i r e  
Eco le  Po ly techn ique  Federa le  
CH - 1015 LAUSANNE ( S w i t z e r l a n d )  

INTRODUCTION : 

In order to check the sensitivity of the results to the simulation pro- 
cedure, we have performed some validations using the computer code 
PASSIM - 4. 

The selected case was HESORE - A 
with : - double glazing (4.92 m2) 

- continuous auxiliary heating without 
night set back 

- no blinds or solar protection 
- simulation period : 8 - 17.2.81. 

1. Influence of the simulation timestep : 

In the base case calculation, the simulation timestep was 10 minutes, 
we have repeated the calculations with timesteps going from one mi- 
nute to one hour. 

Table 1 presents the main results, one notices that neither the heat 
balances nor the temperatures are affected by these variations. 

urn er o no es 
or each * a l l  

M a x i o m  

( 1 )  Convection and r a d i a t i o n  separated 

Table 1 : Influence of the simulation timestep on the results. 



2. Inf luence  of the  number of nodes : 

The base case ca l cu la t ion  was charac ter i sed  by 4 nodes f o r  each 
wal l  or  s l a b  : 2 on both su r faces  and 2 i n  the  thermal mass in- 
between. We have changed t h i s  l a s t  number from 1 t o  4 using 3 t o  
6 nodes f o r  each wal l  or  s l a b .  

The t a b l e  2 g ives ' t he  r e s u l t s  of such an exercice.  Once more no 
s i g n i f i c a n t  change i s  observed. 

I Number o f  nodes I I I I 

S imu la t ion  
t imestep (min)  

f o r  each w a l l  I o r  s l a b  I 1 4 I  1 
10 

I I I 

10 

I I I 

Required aux. 
hea t lng  (UJ) I I 149.6 1 148.8 I 148.5 I 

10 

C t R  

To ta l  hea t  
losses (MJ) 

C t R  
Coupl ing between 
i n s i d e  a i r  and 
indoor  su r faces ( ' )  

Indoor  thermal 
mass (kJ/K) 

- 

( 1 )  Convection and r a d i a t i o n  separated 

C t R  

86 86 

534.9 

lndoor  a i r  temp. 

Minimum 

OC Average 

Maximum 

Table 2 : Influence of the  number of nodes on the  r e s u l t s .  

86 

3. Inf luence  of the  couplings between indoor a i r  and i n s i d e  sur faces  : 

534.1 

21 .O 

21.7 

26.7 

The base case c a l c u l a t i o n  included a  d e t a i l e d  ca l cu la t ion  using se- 
pa ra t e  convection and r a d i a t i o n  couplings. The convective p a r t  (be- 
tween the  a i r  and the  i n s i d e  sur faces)  was ca lcula ted  f o r  each s t e p  
using the  Grasshof and Nussel t  numbers. The r a d i a t i v e  p a r t  (d i r ec t -  
l y  between the  i n s i d e  su r faces )  requi red  a  d e t a i l e d  calcula. t ion of 
the d i f f e r e n t  form f a c t o r s .  

533.8 

We t r i e d  t o  rep lace  t h i s  procedure by using an equivalent  coupling 
between the sur faces  and the  indoor a i r .  The following cons tant  
values were adopted : 

2 
h  = 6 [ ~ l m  K ] f o r  ho r i zon ta l  sur faces  

2 
h  = 8 [ W l m  K ]  f o r  v e r t i c a l  sur faces  

21.0 

21.8 

26.9 

The simulat ion r e s u l t s  a r e  presented i n  the  t a b l e s  3 and 4 : d e s p i t e  

21 .O 

21.8 

26.8 



the heat balance are not significantly affected one notices a change - 
in the indoor temperature (the maximum temperatures being lower by 
1.7 OC). 

This is quite understandable, because the base case detailed modeli- 
zation involves a much lower coupling from the air to the surfaces, 
as the radiative parts take place between surfaces only. 

Number o f  nodes 
f o r  each w a l l  
o r  s l a b  I 1 4 1  (I 
S i n i u l a t i o n  
t i n l e s t e p  (m in )  10 

Coup l ing  between 
i n s i d e  a i r  and 

( 1 )  i n d o o r  su r faces  

Indoor  thermal  

10 

C t R  

T o t a l  h e a t  
losses  (MJ) 

Requi red aux. 
h e a t i n g  (MJ) 

Indoor  a i r  temp. 

( 1 )  Convec t ion  and r a d i a t i o n  separated 

f i x e d  va lues  
(6(W/m K ) f o r  h o r i z o n t a l ,  B(W/m 2 K ) f o r  v e r t i c a l )  

86 86 

Minimum 
0 

C Average 

Maxinlum 

Table 3 : Influence of the coupling between indoor air and inside 
surfaces and of the indoor air thermal capacity. 

10 

I 
534.1 

148.8 

4. Influence of the indoor thermal mass : 

10 

mass ( ~ J / K )  
258 

21 .O 

21.8 

26.9 - 

~ ~ 

Finally, using the constant indoor coefficient hypothesis, we in- 
creased the air thermal capacitance in order to simulate the effect 
of furniture. Starting from the base case we used 258 [kJ/K 1 
( 3 times the air thermal mass) and 2580 [kJ/K] (30 times the air 
thermal mass). 

2580 

529.2 

143.2 

The effect of such a modification can be observed in the table 3. 
Multiplying the air thermal mass by a factor 30 reduced the maximum 
indoor air temperature by about 1 OC. 

( ~ 3 )  

21 .O 

21.7 

25.2 - 

Additional test, on a yearly basis, are presented in reference (1). 

( ~ 3 0 )  

528.9 

142.9 

525.8 

139.8 

21 .O 

21.7 

25.1 - 

21 . O  

21.6 

24.2 - 



CONCLUSION: 

Among the studied parameters, the only one which influences signifi- 
cantly the results is the way couplings between indoor air and inside 
surfaces are treated. 

Reference 1 moreover has shown that two factors plays an important 
role: 

a) the heat losses to the sky, which may represents up 
to 35% change in the total auxiliary heating require- 
ments, 

b) the effective solar transmission through the glazing 
panes. 

(1) N. Morel, Ch. Eriksson and J.-B. Gay 
ProblPmes li6s 1 la mod6lisation du comportement thermique 
dynamique des fenztres. 
5Pme Symposium sur la recherche et le d6veloppement en 6nergie 
solaire. EPFL (octobre 1985) p.83 
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Influence of distribution of internal and solar gains to floating 

zone temperature 

EMPA Dubendorf, CH 



Inf luence o f  solar radiat ion sp l i t  

Solar and in te rna l  gains may be  s p l i t  i n to  a rad ia t ive  and a convect ive 

component. T h e  way how t h e  sp l i t  i s  done has an in f luence t o  t h e  

calculated peak zone temperature. T h e  following table shows t h e  o r d e r  o f  

magnitude f o r  models w i t h  combined inside heat t rans fe r  coeff ic ients 

(HELIOSI)  and such w i th  sp l i t  ones (DYWON). 

T h e  e f fec t  o f  addit ional f u r n i t u r e  in t h e  room i s  i l lus t ra ted  by t h e  resu l ts  

f rom DYWON-F: 

30 % a i r  (convective) 

20 % f loor 

50 % walls and cei l ing 

0 % a i r  (convective) 

40 % f loor 

60 % walls and cei l ing 

100 % a i r  (convective) 

0 % f loor 26.2 OC 

0 % walls and cei l ing 

Sp l i t  

24.2 OC 

max = t .  
alr,max 

* 0.4 + 
tsurfaces * 0.6 

26.4 'C 

23.5 'C 

Tab le  : Inf luence o f  solar radiat ion sp l i t  (HESOREA-3) 

HELlOSl  

t. 
~ , m a x  

- 

22.8 'C 

ti : Zone temperature 

t . : A i r  temperature a l r  

tcom : Comfort  temperature 

4 

25.0 OC 

23.7 OC 

- 

DYWON 

26.2 'C 

23.5 "C 

- 

t .  
alr,rnax 

25.1 OC 

24.1 OC 

- 

DYWON-F 

tcom,max t .  
arr,max tcom,max 
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Comparison of room air  temperature and comfort index temperature 
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CCMPARISON OF ROOM AIR TEMPERATURE AND COMFORT INDEX TEMPERATURE, 

DEPENDING ON THE AIR SURFACES COUPLING MODELS 

N. Morel and J . -0 .  Gay 
GRES-EPFL 

CH 1015 Lausanne (Switzerland) 

Th. Frank and T.  Puntener 
EMPA 

CH 8600 Dubendorf (Switzerland) 

The model used to describe the coupling between the indoor air ana 
the surfaces has a direct effect on the air - and comfort temperatures. 
The aifferent codes, considered in this study, use one of the following 
model s. 

1 .  D e t a i l e d  heat  t r a n s f e r  model 

In figure 1 the air node is coupled by convection to the room 
surfaces, between surface 1 (window or wall) and surface 2 (wall) a 
radiative heat exchange takes place. Therefore the calculated zone- 
node temperature corresponds e x a c t l y  to the real room air temperature. 
Other heat exchange surface (like furniture) has to be treated like 
an additional wall or floor element. 

WINDOW I OR WALL) WALL 

Figure 1 Detailed heat transfer m0ael 

with: R.~ = convective film resistance 
L 

R = radiative equivalent resi stznce 
R 



2. Simplified heat transfer model 

In figure 2, all surfaces are coupled to the zone node by an 
equivalent resistance. Since air is transparent for longwave 
radiation, it is assumed that the walls see surfaces which are on 
zone-node temperature. The calculated zone-nodes temperature there- 
fore does not always correspona to the real room air temperature. 

For rooms with no additional surfaces (furniture) which are on room 
air temperature, the calculated node-temperature corresponds to a 
surface weighted temperature which could be compared with an index 
temoerature. 

EXTERIOR EXIERIW 

Figure 2 : Simplified heat transfer model 

with: RRC = combined film resistance 

3 .  Calculation results 

In order to compare the two aporoaches,a calculation comparison 
has been performed using the program PASSIM,once with a detailed 
split film resistance and once with a simplified,combined one. 

The cases b),c) and d) already used in the simplified base case 
calculations of chapter 4 have been considered.In eacfl case and 
for both approaches,the auxiliary heating has been regulated 
according to the zone temperature.Fiqures 3 to 5 present the 
evolution of the zone and index temperature.The index temperature 
has been introduced by P.O.Fanger [ 1 ] , it is close to the effective 
temperature feeled by an human body sittinq in the middle of the 
room. 

a = 0 . 1  f o r  A q l a r i n s  = 3 rn 2 

= 0 . 2  f o r  A g l a z l n q  = 6 m 
i 

= 9 m 
2 

= 0 . 3  f o r  A71az lnq  



a )  C o o l i n g  r a t e  : 

( a )  d e t a i l e d  model ( b )  s i m p l i f i e d  model 

F i g u r e  3 : Response t o  s w i t c h i n g  o f f  t h e  a u x i l i a r y  h e a t i n g  a f t e r  24 h. 

Immedia te ly  a f t e r  t h e  h e a t i n g  sw i t ches  o f f , t h e  zone temoerature  behaves 
ve ry  d i f f e r e n t l y  : due t o  t h e  s m a l l e r  c o u ~ l i n a  between t h e  a i r  and t h e  
s u r f a c e s  ,the zone temperature  drops more s t r o n g l y  f o r  t h e  d e t a i l e d  model 
as f o r  t h e  s i m p l i f i e d  one.As i t  c o u l d  be exoected,such a f a s t  droo i s  n o t  
observed f o r  t h e  i n d e x  temperature .For  t h e  d e t a i l e d  model , the zone tempe- 
r a t u r e  corresponds t o  t h e  room a i r  temperature  w h i l e  f o r  t h e  s i m p l i f i e d  
mode1,the zone tempera tu re  a l r e a d y  has t h e  s i g n i f i c a t i o n  o f  a a i r  and 
s u r f a c e  we igh ted  temperature.The zone and i n d e x  tempera tu re  o f  t h e  sim- 
o l i f i e d  model l i e  t h e r e f o r e  c l o s e  t0qether .A comparison w i t h  t h e  d e t a i l -  
ed model i s  b e t t e r  on t h e  b a s i s  o f  t h e  i n d e x  temperature  than  f o r  t h e  
zone temoerature .  

b )  I n t e r n a l  g a i n  p u l s e  : 

o 12 24 36 48 ihl o 12 24 36 48 lhl 

( a )  d e t a i l e d  model ( b )  s i m p l i f i e d  moael 

F i g u r e  4 : response t o  i n t e r n a l  g a i n  p u l s e  (1000 W f r o m  24 t o  29 h )  



Same tendency i s  observed when an internal gain pulse i s  applied 
t o  the zone node : in the  detailed model a smaller power may be 
transferred t o  the surfaces, result ing in a larger increase' of 
the zone temperature. 

C )  Solar gain pulse 

28 lo[ 28 ID[ 

26 26 

24 29 

22 22 

20 20 

18 18 

0 12 24 36 48 lhl  0 12 24 36 48 lh) 

( a )  detailed model ( b )  simplified model 

Figure 5 : response t o  solar gain pulse during the  f i r s t  day, (20 % 
of heat t o  a i r ,  30 % t o  f loor ,  50 % t o  remaining surfaces) 

Once more a stronger increase of the zone temperature i s  observed 
with the  detailed model, b u t  due t o  the d i rec t  t rans fe r  of only 
20 % of solar  gain t o  t h e  a i r ,  the difference between the two 
models i s  much smaller than in case ( b ) .  

4. Conclusions - 
Many simulation codes use a simplified model in order to describe the 
coupling between the indoor a i r  and the s u f a c e s ; t h ~  equivalent combined 
film conductances 1 i e  usually between 6 and 9 (W/m K] dependinq on the 
surface position.In t ha t  case,the calculated zone temperature i s  not 
the room a i r  temperature b u t  more close t o  a weighted mean value be- 
tween the a i r  and the surface temperatures,correspondinq t o  the definit ion 
of a kind of index temperature.This may induce deviations t o  a detailed 
model concerning the used heating s e t  point temperature and the calculated 
venti lat ion heat loss .  
However one should not ice , that  the above t e s t  cases have not included any 
influence of furni ture  i n  the room,which may have a relevant influence t o  
the  radiative heat exchanqe.The addition of such elements would reduce - - -  

the differences between detailed and simplified calculation models (see 
Annex C ,DYWON versus DYWON-F). 

Reference: [ I ]  F . O .  Fanger Thermal comfort 
Krieger pub1 i shing compbny (1982) 
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Meteo data for  t h e  simplified base case calculations 

EMPA Dubendorf,  CH 



Global/Diffuse Radiation 0 CW/m21 
IR-Radiation horizontal 254 CW/m21 

vertical 285 CW/m21 
~ m b i e n t  air temperature 0.0 CeCI 
Wind speed 1.8 Cm/sl 
Wind direction frequency (S/W/N/E) 10/70/10/10 C11 

Global/Diffuse radiationfor 10.2.1981 (Day 31, Geneva 

I(H) : Global radiation horizontal I 
I(S) : Global radiation vertical south > CW/m2 I 
D(H) : Diffuse radiationhorizontal I 

Hour I I(H) I (S) D (H) 
I 

IR-Radiation, Ambient air temperature, wind speed 
and wind direction frequency: as for HESOREA-1 and 
HESOREA-2. 



Annex F 

Meteo data for the base case calculations 

10-day period, Geneva 1981 

EMPA Dubendorf, CH 



VARIABLES UNIT  

Year  

Day-Number 

Day  

Month  

H o u r  

Global radiat ion horizontal  

Global radiat ion ver t ica l  east 

Global radiat ion ver t i ca l  south 

Global radiat ion ver t ica l  west 

Global radiat ion ver t ica l  n o r t h  

D i f f use  radiat ion horizontal  

I n f r a r e d  radiat ion horizontal  

l  n f r a r e d  radiat ion ver t i ca l  

Ambient  a i r  temperature 

Relat ive humid i ty  ambient a i r  

Wind veloc i ty  

S k y  emmisivi ty horizontal  

S k y  emmisivi ty ver t ica l  

Wind di rect ion f requency south 

Wind d i rect ion f requency west 

W i n d  d i rec t ion  f requency n o r t h  

Wind di rect ion f requency  east 
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259. ill. 102. 
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731. 328. 95. 
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78. 184. 20. 
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84. 16. 18. 
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470. 80. 75. 
607. 114. 96. 
762. 182. ill. 








