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When trying to bring simulation to application in the current practice (consulting offices), the 
scientist and the engineer have to agree on the level of quality of the models that are to be 
used in the simulation process. Simulation programs are made of a collection of models 
representing the different physical processes occuring in the real world but the information 
about the quality of the models is very often lacking as ifthe implementation of a given model 
in a program offered a sufficient garantee concerning the ability of the model to adequately 
translate the behaviour of the real world. Before offering those models, embedded in ready-to­
run packages, to the practice, a certification or qualification procedure should take place in 
order to allow the use of the model in some circumstances, clearly defined by the procedure. 

The overall objective of the Subtask 1 of the Annex 30 "Bring simulation to application", is to 
define, develop, test and implement this qualification procedure using, as examples, the 
general material provided by the Annex 30 Case Studies. The application of this procedure 
aims at making the use of the models "safer" and at providing the user with garantees about 
the results obtained by the use of the models. 

As it is shown later, a direct connection exists between Subtask 1 and the other Subtasks of 
the Annex. These connections point out the global approach considered in the Annex, which 
is the only feasible approach in order to achieve the general objective of the Annex 30: To 
Bring Simulation to (real) Application. 



2. SUBTASK 1 DESCRIPTION.· ·: 1' • ·: ! i • I . \' • .: i • : ' • f r I ·' : ,.' ( 1 : f~ 

I ' I•• I ' '• • . .. 
In or:dcr to achic;v.c the gcnci;al objective of Subtask 1, the following actions were: identified: 1 • i 

1: ' ' I I '.'-; f I ~, '. { / 

. , , , ' ! ~,_ · · , ' r I 'l ·' '• ' ' . ·': ' • i j .f_i 
2.1.Review · of the available models in 'the field of building and HVAC 
simulation. 1 •1·· · 1 ,'·i·,,,.,,. .... , .. r·.; ·: , q ,,· ii 

Before atte'iriptillg'to develop a qualification procedurerfoli 1 fi'given'fuodeI~ it is necessary to 
have a general view of the existing models, their characteristics and their differences. 
Consequently, a review of the available models has to be performed, mainly based on existing 
material and infonnation sources. 

.. ' ~,: ' .. I.' I I I 

In order to limit the amount of work, a selection of typical components of a building/RV AC 
;:;imµ~fltio;o,;was p~rform~d:;Th.e sel~ction end~d up wi.th the following models: 

' l ~ •: ' ; • ;· ,· I\ i '_; :· ! ,', I.1 f ' : ·, i . ,-~ . 

• 
• 

air handling units, including coils, fans, and humidifiers 
chi111er plants, including storage systems and cooling towers, 1 

• thennal zones ! i , ' 

, . .. 
The following sources of information were identified: ''I • :1 , .. , 

'I ~' ' • 

• the TRNSYS library [ 1] 
• the HVACSim+ library [2] ' rcr• itr1: . 

• theASHRAEPrimaryToolkit[3] 1·;: ,, _, 

• the ASHRAE Secondary Toolkit [4] 
• the IEA/ECBCS Annex 10 databank [5] 
• the IEA/ECBCS Annex 1,7 components [6] 

.. 

• general pl.ITTJOSe simulation softwares like BLAST [7], ESP [8], etc 

These items are the most cpµiprehensive sources.of information ayailable concerning building 
and HV AC simulation. They will be scanned and the corresponding relevant material will be 
extracted. .. 

2.2. Review of available data sets. " - ,· . . ' 

The availability ofldata is very often a problem when attempting fcf p1etform a simulation. 
Building and HV AC simulation usuaHy require a huge amount of data concerning the 
components to be modelled and concerning the internal and external .,excitati~ns to be applied 
to the models. The following i:pformation requirements were identified: 

' 

• external sollicitation~: 1~1eteorological datc:i. . 
internal sollicitat.ions: internal gains l · . : · · • 

• components: building material and elements; HV AC technical data . 
' ' ' • · r~ l" .- l ' ~ ;·; : i \· ;,. ,1 ', 

For these information requirements, typical sources of information were identified: the EC 
produced a database of typical meteorological data (the "Test Reference Year" or TRY[9] 
format) to be used in simulations. The CEN is "i'orkfn_g; on a standardization of the internal 

i l .IJ I , , _.I 



gains value to be considered in a building simulation. The national buildidg ;codes are very 
often associated with databases of building material and elements properties. Finally, HV AC 
mamifacturerst morer 1and more propose: theit1 catalogs ! on computer media (CE>..?.ROMs for 
instance) or make them available on-line through the Internet. A general HVAC components 
database was d.e.v.~~p~~ .4Pri!1~ th~ , course ofi~the .GOMBINE project by VTT [10]. It was 
designed to be compliant with the STEP standard. . (. w; i F 

Again, those source~~ 
1 
R~ .. iHf?:rµi~tion will be . ~cann~~, and th~, ~Jielevant m~tffial. will be 

extracted. 
"1 ·.l . 

: ! JI. ' 

2.3. Identification of models requirements at the different life-cycle phases. 
~ ; j ! 1-1 1- , I .J f ' ~ : ' Ir' d: ' ~ ' . I I ' t:~ ~ .. : ' '>.4• 

A building and its connected· HY.AG equipment:is a' 1"liv;ing" ·doncept whictl is charaeterized 
by an evolution generally divided in several phases (fig. 1): 

• 
• 
• 
• 
• 
• 
• 
• 

... 

:-i J J 

c::·:·1 ~1~ : :1~1:.·~~ f ;frc, ~: :!l11J~~it. ~:~,!~1;· ~"r'. 1 ,. -1 I . . ' 

analysis-it,; p.1 1 
, . 

concept 
planning 
construction design ".), 1' ' 

comm1ss10nmg 
construction 
maintenance 

. . 
renovation : /ll( '· 
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Life-Cycle 
. .. .. ,! 'i . •. ':·' · of) .· 

•· :· l c [L: a Briildl~,g 

4~ 
1' 

l \ 

,,, 

. ·. ' ) . .. ' "' . 
Fig. f:' The ouilding life-cycle. 
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The succession of these phases defines the life-cycle analysis of a building project. The deep 
analysis of this building life-cycle is the specific activity of Subtask 2 of Annex 30 [11]. But 
strong connections appear between Subtask 2 and Subtask 1 because it is totally useless to 
examine the quality of a model without referring to the requirements from the design practice: 
a model is never "good" or "bad"; it is relevant for a given purpose or not. The assessment of 
the capability of a ·model to support the activity of the engineer at'. a given.,stage of the building 
life-cycle is an essential feature. of the qualification procedure. Consequently~: before defining 
and testing the ·qualification procedure, the requirements from the practice :have to be clearly 
identified .. As the ·design practice varies from (one . country· :to the· -other (although the:, key 
phases remain the same), this analysis is likely. to be country-·dependent. '· · , : , . .; : 1 ; , • 

.,· 11 ' ,I ' / I j ~ • 

I . ' 1 : ' L ~ • • ~ ' ' ' I ' ; ; I I ' . . . t ) ; ' '. 

2.4. Model qualification procedure.· 
I r, ' · j ;:'I '1/ ri ·. ·· ., 

Th~ first tl~~ee actio~s. w~1~~ 1 ~~e~ at f.O.l ~ec~ing .and .providin~ t~e_ 1bas~c. ~aterial in qrder to 
allow th~ model qualification procedure to take place. The present act10~ by far the most 
essential pa.it'. .of the subUikk, 'is concerned wiili th'e a~finition 6f tne qualification procedure. 
ana its applicaticib. 'fo Case s tlidies .=· ,; I . ' ' .• ' •( I . ' . ·')I 

' ' • I "' I I I , • i ' ' ' : J l '·. J ~ I 

.First, a "quatillcation procedure"' could tie ciefo~~d : a~ ·a st~nd~rdiz,ed ;quality· ass'essmenl 
procedure t(J qe pass~d by a mod~l before ~ts iln~lement'atidn fn (i :gi~;en siinulatio'n progfdm 
and thJi ce~:tifies ~h'e quality of the model f~r· a given purpo1e. i ' ' J' · 

1
'

1 ~: · ·• : '· '· 

! .. . . , ' '1 J •• ••• t !', 

The q,uali~ca~i,on certific.at~on cou~d fina,lly appear. as ,a paper, optionally partly compute~z~q?. 
'containing tlie followil).g topics: · · · · · · · · · · · 1 

" i · · · , 
; ; : l . • . I . I • : ' ! . ~ ' . ,. , . ! ' ; : : . : . ' - I I i t ' t ; 

• · :M:od~l abcuhiendtiori. . 
r' ' · ' : l .~ 1 1 , • ;· ,.- ~: : ' . : ! I 1 

: , ; : ! 

'• ... . I 1·. 

,·, I ,. 

M:b'<lel do~inneiifati~ii app6ars . :as 'essehtial : iii' ' order tb make 'the' engineer ' aware : of the 
c~pabilities df tn~' m6d~l~ : he interids to use. A ' proposal of model docunientatfon i has' beeri 
published during the course of the Annex . Othed/ can be · tested, for . instance : tlie' building 
simulation models documentation expert system "MIS" [14] (for Management of Information 
System) developed in the frame of the project IEA-ECBCS Annex 21 "Calculation ofEnbrgy 
and J:?nvironmental Per~onnapces o~ ~uildi~g~" '. The C~seStu.dies wi.ll indi~ate ~het~er thi~ ~s 
relevant and c~mpreheiis ive. Case 'Studies \vill 'point out' ' what is I rea~ly required as 
documentation'. A standa,-dizJd format is' likely to be required:' t 

1 
· • ' · : : · '' 

1 

. . I . • .• I I • I ' ·' ' ' ~ .1 I I ' . I . I '. . I .. I \ I 

The documentation sheet associated with a given model will include the following chapters: 

- General description of the model · · · 
- Modelling assumptions and input/01ltput chnrnc~eristiGs . 
- Nomenclature of all the variables and symboli ·~ppearing in the rrtodet foririufation 
- Detailed mathematical representadoh, ~f the model · · 
- Typical input files 
- Sample results 
- optionally, source code of the model (if public domain). 



Some examples, developed in the frame of the Annex, are proposed in [12] and [13]. 
': J .. ( ' . ~ !. ~ ·.:.' 

. ; I • ' ~- ·_, J i " 

.l·:·. •' 
" .· 

• Parameter identification:· : . 1. I 1 _, ' ~ ~ 'i I ' I ' :JI) I ~. 

• { •• \ ' ,· ' ~ I j ( t . t' i ' l / : ( 1• .! - r..,, I j I ' • ) I 

The "distance", between.the scientifi~ , world ! and ;the engineer's domain very often makes th!e 
parameters of the models used.in building and HV AC simulation not directly correspond:fu 
technical :data of 'manufacturers: ;A: "bridge'' is consequently required between· b.oth ;worlds 
through the ·application :of, !'!identification procedures'-.':.:- A model: can no longer be imagined 
without its own identification: procedure) that.aHQws an efficient translation. of the1 technical 
data. CaseStudies will "force" the development or use of some parameter identification 
procedures. The feedback of these tests will be useful,t9 so]?p~~te tre qu~.lifipatio~ pf,a.given 
model. · ....... . "' · · · ' ··'· ·• ' 

Depending upon i~e - wo\~Fl trPt 1

1lifferr~' ~?~~}l~~~~tf on ~~}h94(c~~ b~ ; ass.o~~tt~d 'wi~ . ,a 
model., ,Mo.st o.f ~l,ie 1'V .t}~ . 1 coD.}po11ents _mod~ls app~ar . as ~tatic q?i0~1els. Jn SOITfe. c~~s, -~ 
identification ofthe parameters of these models can· consequ~,pt)y be 'obtauted by~ ·reverse .use 
of the model (express the model in tenns of the unknown 

1
parainet'ers· With respect to the 

191?.WIJ y~ri~bles ~pgi11.~ti~~· ~~J.ll. IP-~,t,tf~~\o/,~~s ~~ta o~:. l~bpr~1~0~ te~ts. f ~1 : in_st~n9e ). ~r so~e 
h,a~1~ .. statistical . m~thR:4sJ1~e).~e~- f~~w.s~~~~ ~~ ~.~P b~ -~~-~d to . p.e~~:w.1~e tl;ie fel.~vonsh1p 
between unknown parameters anc\ ni~a~µred V¥Jables. Some examples of tins elementary type 
of identification are provided in [12] and'[13]. · 

s~rr{~ HV AC ~~~ponents modeli'~~d inost ofthe mod~ls reprf~1!1ti11i;t~~)ull:d~#g arpe~r_'~s 
fully dynamic models. Consequently, the parameters of these models can no longer be 
estimated by elementary methods. Special methods, developed in, :m,Ei, fiel,d . qf aut~~riahc 
control ("system identification methods") appear as relevant for this purj)ose: Some examples 
showjng .. th~ .. use p.{_~u~h n;i.ethods f9r tl~e identifi?<Jtion, of bu!W~ng . zop.e ~!WP,~1i1fi~d m~del~ 
pai:w-~eters .a!-7, P~?P,s~id. in [ 1 .8~. ;Tu~se ,¥}e~¥ods ((~ ~ven p~ 1fSe~i in rea~r ~irP,ej l.1;i;orde~ ! ~o help 
the control _an~ nrnIJ:ag~me~t __ of the ~ys~7~'·· .· ., ; 1, . .,_ . , , • •• • • 

• "~x!am~ie~ 9f.us~. 
• . l • ::- ~ • ' 

. . .. ,! ! . ~, 
., , .. 

I I, j .. . " . . 

fj 

; ' : , 

(. •-,t •· '' \ I I . . .... I ., ... ' ' ' 

~e.~ a p;i?de~ .is pfov~ded~ .t~ ~·e.~rn~e_er,. it ha~~?· be :: il'u~,,tr~te~ w~:~h exampl~s~ Cas~ Stl;lci~es 
will provide real examples to work. on. As they.are .9011cermn_g cijfferent stages m the hfe-cycle 
(see table below), execuhon of the 'Case Studie's wiff in&cat'e' whether a given mode1 is 
relevant for a given purpose or .~1tage. 

Annex 30 actually involves work on five Case Studies: 

1. A ficti.tio\lS offcie building. locat~d in Germany 
2.·A ~eside~tial appartment building in Poland 
3. A passive solar office building in the UK· . . . 
4. The HV AC plant of a big office building in Brussels (BelgimTI>' · ' 
5. The HV AC plant of an office building in Hong-Kong 

5 

'· ll-.' 

. . . .. 



Table 1 shows the life-cycle phases for which the use of each case study appear as relevant. 

CS/Stage Concept Planning Design Construction/ Ma~ntenance Renovation 
commissioning 

I -Germany x x x 
2 - Poland x x ------- ;--

3-UK x x x (x) (x) 
4-Belgium x x x 
5-HongKong ,. ·, x x x 

Table 1: Identification of the life-cycle phase corresponding to each Case Study. 
I. :'.' r· , 

• Vaiidation. _,\ ;l ~ i i •" 11 

This item will provide information about successful applications of the models in other 
circumstances than the test-benches: real life applications, test cell comparisons; etc. The 
realization of another validation exercise itself will not be part of the Annex. Although it does 
not set.!m feasible lo' rriake use' of a non-:valiualetl modt:l, this opera1ioh requires inueeu efforts 
and· marfipower that are' largely ·beyond· the: : avail'ability in the ·Annex. Consequently, 
validation of building ''zone models win not be 'dealt with. 'Instead, reference to existing (IEA 
21C/12 [19], PASSYS [20]) and cm.;going (IEABHAC22)iwork'will be highlighted. For the 
other models, at least some comparison of simulation results with real monitored data should 
be performed in the Case Studies where this might be possible. 

Ifitegration in the Data Exchange Process~· ·· 1 

'. : :) . ': ·, • I,' l f ~ • : (. . 

The Subtask4 of the Annex 30 i's' concerned with the 1assessment bf efficient data exchange 
'Procedures all 1along :the course df the' design process. 'A connection 'also exists with Subtask 1 
as the use of.a model can not he· considered· as isofated 'from 'the overall desigri activity. The 
capability of a model to successfully "pass" a data exchange process should'be part of the 
qualification procedure. Because of the specificity and scope of this part of the work, only 
reference to existing and on-going work concerning the integration of the hl6dels unde~ study 
in an available Data Exchange System will be mentioned. 

{ ! 1 , · , ' : - ~ ~ J ' { [ •' I ~ , 'I . 

'! \ . ' ' : j I ! r: 0 

' ? 1 ~ : r I ' ' f I 1 • 

. 3. TWO EXAMPLES.OF QUALIFICATION.PROCEDURE. : .. I' · '· 

' 1. 

• • , 1 , ~ 1 , r : 1 • 

I i (' 

In order to illustrate the concept of model qualification procedure, .two .. examples will be 
presented concerning first a cooling coil model and then a thermal zone model. For each of 
these examples, the following topics will successively be presented: · ' 

• , review of available models 
• d~taile~ pres~tation of one model , , '" I ' ' I' 

I J' :;t j1 ! 'I 

These examples are aim¥d at illustrating the qualification procedure. As the development of 
these procequres is sti\l on-going, &ome chapters of the procedure are still at a pnWminary 
'd;raft stage. .· · .· · · · · 

I , j i.. . , I ,'/ ',. • r I l ': ' .: , .... 

6 



3.1. Cooling coil model 

3.1.1. Review of cooling coil models. · 
.(!,.' 

A , number of cooling coil models were identified within the sources listed above. 'The 
following software packages provide such a model: 

I ·I 

• TRNSYS (version 14.2) [1] 

Two different cooling coil models are available. They have different levels of complexity. 

,, 

I I ,. 1,: ·.: : . ·:·1·.J· 

1. Type 32. ... ,·_; r I 

. ' ·1 . . , .: -.. , ,. ' :!·'. t. I · I ·· •I 

The purpose of th~~ ; 'J;'ype is to, synarate ~ the coq1ll).g, input into sensible and'.'latent ~ffects. 
It is based upon empirical . relationship,s: :Publi,shed by-ASHRAE [21]. They involve 
parameters such · as the :numbe,I\, of rows deep, the;: number of parallel cooling coil 
circuits, the coil face area and the· inside, tube diameter. 

I ' 

2. Type 52. . . '·. 
This type is based upon the effectiveness .. con_eept [22].-; Tl)e l,lsen must . specify the 
geometry of the cooling coil and air duct (annular fins or continuous flat plate fins may 
be specified). T~o level~ of analysis a.re provid~q: de~ailed (se,pa:n~te analysi,s, oOhtt,dry 
and wet portion of the coil .in, p_artially wet/dry conditions) or simple· (the c9i.l is.assume¢ 
to be either fully dry or ,fully wet) .. T;his mpre refined· model inyolves a .Iarge.r number of 
parameters. 1:. 

"./Ii . 
• ,, t 

...... 
' • 
. ' . ,, 

• I . I I l . 

• HY ACSimt [2] : .. I! ( ., • ; 'I , '; .~ 

. 1 r; , ' 

HV ACSim+ offers one cooling (or dehumidifying) coil model (Type 12). It is based 
upon the work of Elmahady and Mitalas [23]. It is worthwhile to notice that this model 
is a dynamic one. The coil. rs modelled ·:as a classical counterflow heat exchang~t · Ibree 
different cases can be handled by the model: all wet, partially wet, all dry. It involves a 
still larger number of parameters than TRNSYS Type 52. 1 ! : ' 

' i 

• IEA Annex 10. 

A cooling coil model was also investigated in the frame of the Annex 10 project 
"System Simulation in Buildings" [24]. This model was proposed by Holnies [25]. It 
supposes that a fraction of air bypasses the coil and that the fraction entering the coil is 

· saturated at the outlet of the coil. The total heaf transfer' is computed, assuming th6'ajr 
side heat transfer coefficient' is enhanced by the sensible heat ratio, s6' that dnly 'ctry bi.ilb 
temperatures are considered. It is worthwhile to notice that the same model. applies to 

,..., 
I 



• 

both heating and cooling coils and that some dynamics is taken into account through the 
definition of the coil time constants. i/ ) : 

IEA Annex 17 [26] 

A first order dynamic model was developed based upon the lump~d thermal mass 
method. A fictitious mean temperature of the coil is used, which is assumed equal to the 
surface temperature of the coil [27]. This model is conceptually the same as that 
documented by Bourdouxhe [28] in the frame of the Annex 30. 

., 

• ASHRAE Secondary toolkit. [ 4] 

. ~ ' r )f - i ti I ':1 \ .' 

A cooling coil is also available in the Secondary Toolkit produced by· ASHRAE. It is 
_1 __ 1 ____ ..J ~~----- A C'1TTn An -~---4-1--...l- ___ ,..l ... 1 __ , --~---1- _c nL ___ , __ ,..l_ : ___ ,..l l\A":4--1-- ... "',,, 
a1:su ua:sc;u upu11 n.~nl'V"\.D .y.1c;L11uu:s a11u Lllt:, wu11\. u1 n1111~1a~y a11u 1vHLa1a:s L L..:J J· 

Basically, this modei is the same as that ofHV A.CSim+. 
; : ~: ' ~ ,. 

• D,OE2.1 program .. "'''· 

.The' 1i:10del available,, in the DOE2.1 softwa~·e calculates the performance of a DX 
cooling coil using, default correlations. The' routine determines the total capacity, 
sensible heat ratio and coefficient of performan,ce for a coil given the rated performance, 
entering air te1l.1perature and humidity ratio, outdoor temperature and the ratio of 
evap'drator airflow rate to rate_~ airflow. The correlations do not account for indoor fan 
energy effects. 

• ROM-HX Model [29] 

This is a very simple model in which the state of the coil is determined :from the 
nominal point delivered by the venµ,or. The new wo,rking point is calculated with the 
changed state of the incoming air and water using the method of Bosnjakovic. For dry 
regimes, this approximation is clos~ to reality. 

For the wet regime calculation, a by-pass factor is introduced, which describe.s the ratio 
between the air at the temperature of the coil and air not influenced by it. The mean 
surface temperature can be calculated from the rib efficiency. (11R=0.85 for most air 
cooling coils). 

3.1.2. Presentation of one model: the University of Liege (Ulg) model. [28)' ' 

A. Model documentation: general description and hypotheses of the model. 

This routine was developed as a TRNSYS Type [1] and its purpose is to simulate a 
cooling and dehumidifying coil. The inputs, parameters and_ the outputs of the model 
are defined by fig. 2. 

8 



'. · This static· model of the coil assumes. that only two extreme. regimes can occur: fully 
dry or fully wet. The regime giving the highest heat flow rate from air stream is 
considered as the nearest to the exact solution [22]. Then the coil is modelled as a 
classical counterlow heat exchanger characterized by its global heat transfer 
coefficient. . ' : i ., , , t 

. ! 

L \I • :1;. ' 

II . 

, . ,, 

I 
N 
p 

Supply waler temperature and 

mass flow rate : ---M······ ·· ·· ·· ······························ ----+ 

Twau' Mw 

Supply air dry bulb 1amperalu1e, 

" .;; 

u 
T 
s 

1 pecHic humidity a·nd • ll 
maas flow rale : 

--*' • • t •! •••••• •••• ••••·••• o.oo.uo oo ooo ooo oo!, .... ---· 

for plotting 

purpoae 

T.db. . • W~u • j~ 
llU 8 

11 . I ~ ." t ! ' ! , / , 

,. ' 
Atmospheric pressure : Parm --~······ ·· · ····· ··· ·············· · ······ · ···---

Coil 
geometry 

' . .. 

'-.....~~~~~~~~ 
'-.._./ 

.: · 

PARAMETERS 

1----+ Exhaust water temperature : T w 
81( 

1--,. - , .--+ .Exhaust air dry bulb temperature 
, ' • ' I and epecmc humidtty : T db ; W ex 

811 

,___~ .. • Total heat flow nita from · ; 
air ,;;ea"' : Chot 

1 )1 ._ I 

,___ __ Minimum capacity flow rate : C min 
~ ' ; ' ' i . .. . . .· . 

1----. Error 11111us Indicator; EtrDetec 

Fig. 2: Inputs/outputs characteristics of the ULg cooling coil model. 

In dry regime, the total heat flow rate is calcfalated by: 

• ' I• 

with: 

Cmin = minimum capacity flow rate 

f; = heat exchanger effectiveness 

Tab.,, = dry bulb tempeature of supply air 

T = supply water temperature 
w,. 
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q· 

In wet regime, the air wet-bulb temperatures are used as driving potentials instead of 
air enthalpies. The total heat flow rate is calculated by replacing the air by a fictitious 
ideal gas characterized by the air wet-bulb temperature (T wb) and a fictitiou_s capacity 
flow-rate Caf . · · ' . . · -' · · ' · ! ! 

where cP
1 

is a fictitious specific heat: 

T -T 
wbex wbsu 

t • • • ~ • 

where haex and hasu represent the enthalpy of the exhaust and supply air, respectively, 
and twbex and twbsu represent the wet 1bulb temperature of exhaust and supply air, 
respectively. 

• "- , •. r r ~ 

The fictitious heat exchanger can be represented by the conceptual scheme of fig. 3: 

i · '- Fictitious ideal gas 
Wbsu ' · .. ' 

i< :. 

':: I 
T 

wbex 

• .I .. 
l •·. 

. ' , Water 

Fig. 3: Conceptual schema of the cooling and dehumidifying coil in wet regime. 

This fictitious heat exchanger is characterized by its global heat transfer coefficient 
AU[. This coefficient is a function of the thermal resistance on water side (Rw), on 
fictitious fluid side (Raf) and of the coil metal (Rm). The thermal resistance on the 
fictitious fluid side is given by the following equation:· · 

where Ra 

.. 

is the actual thermal resistance on air side (assumed to remain the same 
in dry and wet regimes for the same air flow rate). 

10 



cP,. • is the moist air.specific heat. 

•...1 I ; 

The total heat flow rate is calculated as in dry regime: 

Q TOT wet = Crnin E f CT wb,. - T w) 

where: 

Crnin minimum capacity flow rate 

8f fictitious heat exchanger effectiveness 

Tb = 
w SU 

wet bulb tempeature of supply air 

T = 
Wsu 

supply w~t~r temperature 

Furthermore, in wet regime, the air dry-bulb temperature at the coil outlet is calculated 
on the basis of the "contact" factor method: the air is supposed to be in contact with an .. ' 
isothermal surface at the "contact" temperature Tc· 

The effectivness of this semi-isothermal heat exchanger is the same in dry and wet 
regimes. This property and the similarity be~een heat and mass transfers allows the 
calculation of the contact temp~rature (Tc) ana--the exhaust air specific humidity 
(W ex). On the basis of the-exhaust air speCific humidity and enthalpy, the exhaust air 
dry-bulb temperature can be determined. The exhaust water temperature is finally 
calculated on the basis of the total heat flow rate from,:iir stream and on the energy 
stored in the condensed water. 

In [28], Bourdouxhe provides some additional information about the calculation 
method. , : ... "'rl"·" ·,, · ;; 

·.• 
. ' . 

i~ J~)..J,; i ' 
I ), . -') ' 

C. Parameters identiijcatio.11. ... : " •1 -rr.rl:J~! · ~; 

i ,. ' ;.· -'J ( '! , :·I < j l, ~ ~ t t ~ -r I J ~ 

From the model described }h,o.ve, . a parameter identification~: procedure can be 
developed which simply consists of a reverse use of the model, starting from the 
following inputs: 

1. The number of working points to be considered. The first working point is assumed 
to be the nominal working point. 

2. For each working point:. 

- the water mass flow rate, the water temperature at the coil inlet and outlet 
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- the air mass flow rate, the air dry bulb temperature and air specific humidity 
at the coil inlet and outlet as well as the .atmospheric pressure. 

The application of this identification procedure yields the following outputs: 

1. The nominal thermal resistance on air .side and the norr:inal air niass flow rate; 
2. The thermal resistance of the coil metal; 
3. The nominal thermal resistance on water side and the nomi~al water mass flow rate 
(this flow rate is deduced from the energy balances associated with the nominal 

· wor~ing point).: . 
4. The relative error on the total heat flow rate fron; air st~eam (in this case, all the 
working points are considered). 

l<nrthPrrnrwP thP irlPntifir.~tinn nrnri>rlnrP nrnrlnrP<: ~rlrlitinn~ 1 ~nrl <:Pr.nnrbrv rn1tnnk· 
~ -····-····-·-• ···- ·--······--··-·· r·-----·- r·------ ---···-··-· -··- ----····-·J --·r-·-· 
error status indicator, comparion between the data from the laboratory test results and 

• 1.;the results of the simulation of the workii;ig:points and the comparis9n between the 
water mass flow rates a sinputs and the water mass flow ,rates .deduced from the energy 
balances. 

This·can be schematically repersented,by the'information flow diagram of fig.4 . 

. " ' : 

Number of working Nominel thermal realalance 
on air side and nominal 

points: N --- ' ' • • air mass flow rate ; 
(First one = design point 

".laNom • MaNom 

_}!-:1ri1' " ' • • ... I 

\ •• r •. .. 

., 

N 
p 

u 
T 

s 
.. 

.. . 

For 

each 
working 

point 

or closest .one) ' · · ' 

' ' . Atmospheric preuure : 

Patm 

Supply and exhaust 
water temperatures : 

Thermal resistance 
of the coll metal : 

R~ 

Nominal truirmal resistance 
on wa.ler aide e.nd no.mine! 
water mass now rate : 

RwNom ' MWNom 
Tw

5
u ,T11iax __ _ 

,__ __ L ' Accuracy : e a 
tol 

Supply and axhausl 
air dry-bulb 
temperatures and 
11peclflc humidities ·: .. ---Tdbsu • Wsu • 

Tdtrax • Wex 

Air and water mass 
flow rates : 

Ma, Mw 

l 
Coil geometry 

\ . "' I 
PARAMETER 

': 
For plotting purpose 
(for each worl<ing point) : 

Q tot DATA ,Clol SIMUL • 

Tw • Tw • 
ax ex SIM UL 

Tdb • Tdb ' 
eic 8lC SIMUL 

W ex • W11x SIUUL • 

Mw, l.4w 
EnBal 

Error a:atus indicator : 
ErrOetec 

Fig.4:· Information flo\V diagram of the coil parameters identification routine. 

Again, ·in ·[28], Bourdouxhe provides some additional information about the 
calculation method.' This· can be summarized as follows: 1

':' •· 
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• 1 ' ; ,' , ! f 

1. The procedure calculates the rglobal -heat transfer coefficient characterizing each 
working point. 

(. i, !_1 :.! ) ' ' : ;.:t 

2. Once the global. heat transfer coefficient are known, the procedure determines the 
thermal resist~n1:fos: on air and water sides as' well as the thermal resistance of the coil 
metal. Each working point is then simulated on the basis ;-of. the: :identified thermal 

·r·· ' '' .. ,,.. -/·· ' I ' ' • tH I ~ . :b ' I ; · ,1 , ., ' . : i,') .' . ,. , I .... !'' ' •"' ·1· . res1sanves. · ·· - J • • • • • •• .;·: • ' 

' ' v' f ·· • I '12. J·: ;.:· , l t. 
• ; J 

3. The procedure outpll;tS the value of the thermal resistances as·'Well as the results of 
the' ;simulatiori. df each "working point. · ~ · . : l I' 

. 1:1 

, . 
G11.c .. · ~n1, .. ~ D. Example-of use I.~ < ... :' · .,. 

) j '~ ·1 '. ·1: 'c I 8 u} I ) . ; ! ·-~-j '.... I (,.I f. n ~ - '" I ; i ·; ~J' [1 1 • • I • r I { .. :) • ~: I i 0 

Fig. 5, e~hiacte'd from [28]-show's 'the :p:arameteis and .inputs and the output produced by 
thesimul~tiori.ofoneworkingpoint::J 1 • • 11 i: · " 'u.·:· ,:', r;· . · ., . 1, 

; ·. 

(. ]=== ....... -===-==-=--===== C1: \ TRNEDCOI\ °l'.'f PE21. TRD ==='="'". ,=;_ ,;=, ===--===---====;i 

***** TYPE 21 SIMULATION COOLING AND DEHUMIDIFYING COIL ***** 

PARAMETERS 

Geometry of the heat; .. 'exchanqer 
water flow rate in nom. cond. 
Dry air flow rate in •nom. cond·. 
Resist. on water side Nom. cond. 
Resist. on air' •sid~ Nom. cond. 
Thermal resistande. 8'f metal 

. ' INPUTS ' ; 
I c •J ' 

·- water mass 'dew rate 
Supply water temperature 
Dry air mass flow rate 
supply air dry ·bulb temperature 
Supply air specific humidity , 
Atmospheric ''·pressure . ~ ·f· - .. _ ; 

. or.. / ;)1'1. ;; ' •>• : 

-' · A "" ' 

.. 1 

'· 

VALUE UNITS 

1 
7790.40 kg/hr 
261'2"5'. oo . ,:kg/hr 
3.8162000E-0005 
5.7107000E-0005 
O.OOOOOOOE+OOOO 

' • i, " "I .i i i ~ • ' d Tf~I'· 

VALUE UNITS 

1 357? .00 . ~~/hr 
7 . oo ,; . ~ t ' 

- 261-is'::eio ., , ··:,1' ·kg/hr 
Jo.oo' c 

hr-C/kJ 
hr-C/kJ 
hr-C/kJ 

1. 31 ~:;- 0002 .. , kgwat/kgair 
1. 00000 . · atra ; t i· 1 

t •. o •-.1 "' 

1"' ' I n i: !' ·.-. ·· u f 

·;·;·; 

Fig. 5: Inputs, parameters and output of the simulation of tme working point. Cooling coil model. .. 

3.2. Thermal zone model 

3.1.1. Review of thermal zone mo~e~s!_ 

. :- ',·. ~·\}."· 

T:hermal zone models .are as numerous as .the numl?.¥rr .of ava,ilable building simulation 
programs. Consequently, it is neither possibie nor ~ery ~~eful to dra~ a:ii exaustive list 
of ~he available mo,d,els. Instead, a kind of categorization c~ ta~e ,pl~ce which ends up 
with a presentation of the different model famil;es. This survey : was p~rformed in the 

• - . I..; (1 :··,. , 
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course of the Annex and a report was produced [30}: This 'i~porl idei:iti'fies hvo major 
characteristics of a thermal zone model: 

- the calculation of the heat transfer through the walls 
- the representation of the zone temperature. 

,· 

, ~ t 
I I l ~ l 

. • • ,j 

I Ii : 11;· .• ••• 1•.I' .... . , .. 
•. ·1 ..... . 

i. .. ,; 

• I I t ~ • • • I 
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For the former, the following methods are identified: 

- finite differences 
- nodal method 
- state space analysis 
- modal analysis 
- transfer function (Laplace domain or z-transform) 
- stochastic models 

For the latter, the different models either handle air temperatures or aggregated concepts 
like "resultant" temperatures, "operative" temperatures, "comfort" temperature which 
involve the concept of "radiant" or "mean radiant" temperature. 

Another very important level of classification for the thermal zone models is related to 
the "simplified" or "detailed" character of the model. 

"Detailed" (or "comprehensive") models consider separately the different building 
elements (walls, windows, roofs, ... ) and the different heat fluxes that appear between 
those elements and with the ambient, the occupants and the HVAC system. "Simplified" 
models aggregate either building elements, or heat sources, or both and end up with a 
representation of a zone only characterized by a few state variables, a small number of 
parameters and a limited number of input variables. An example of such a simplified 
building model will be "submitted" below to the qualification procedure. 

3.2.2. Presentation of one model: the Annex 10 zone model. 

A. Model documentation: general description and hypotheses of the model. 

The purpose of this model is to simulate a single zone building in dynamic regime using a 
simplified representation of the physical processes. This routine is developed for the modular 
simulation program TRNSYS [1]. The building model is originating from the work of Louis 
Laret [31]. 

The inputs of the model are: 

1. The " sol-air " temperature which gathers the effect of ambient temperature and solar 
radiation in one single variable. 
2. The heat flux coming from the HV AC system and the internal gains 

The outputs of the model are: 

1. The resultant temperature of the zone 
2. The structure temperature of the zone. 

The model does not include any control. The calculation of the energy (heating or cooling) 
required in order to maintain a given set point has to be performed outside the routine, using 
an adequate controller model. 

15 



The model of the building is based upon the assumptiort that the d),namics of the buildi'ng can · 
be classified in two ranges: the " slow " effects due to the heavy structures of the building' and' '' . 
the " fast " effects linked with the b'ehaviour of the zone air ai1d the fight structures of the . ' 
building. Consequently, the building is represented by · tWo time constants or tWo :s'tate ·' · 
variables and the model is made of a set of two coupled differential equations translating the 
energy balance of both state variables. Using the classical electrical analogy, the state; i 

variables are associated with a thermal capacitance arid are linked to each other by a purbly ' " 
resistive connection. Boundary conditions can be given as potentials (Dirichlet conditions) ot 
as fluxes (Neumann conditions). The first type is used to represent the external climate, by 
means of the so-called " sol-air " temperature concept; the second one is used to represent the 
internal inputs: HV AC system and internal gains. Again, purely resistive connections can be 
established between the external node and both state variables. All these features form the 
following electrical analogy diagram (fig. 6}: ' · 

'\ 

• • j 

I I' . ·-· .. i 

·I 

to other ~11 p, . fj . 
I I 

ZIJne.s 

Ri" (1 - B,) 

.._~~.-~--~~~~_,.......,,.,.,...,._r-'V\l"VVVV.._~~.-. ~=Ci 

Ic,. Ic,,. 

Fig. 6 Electrical analogy of the single zone model 

with: 

T si' Tin: state variables 
Ri, R0 =(1-8)Ri, Ri, Rwi: connection resistances 
Tout*, Q: boundary conditions -·-· 

Based upon this representation, the energy balance of both nodes yields: . . 

(1) 

·' 

(2) 
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The
1
.apparent si.mplificati~n qf the · ,mo~e~. is . obtained a~ the price of the definition of very 

aggregated quantities:, the sol-air temperature for the ;boundary conditions; the connection. 
resi$tances . and tp.e; the~c;il capacitanc~~· for tl;le . _l;milding structure. In this respect, the 
originality of. the model is the m~thod used to calculate the aggregated quantities . . '(. . . ' 

) t' •: ! ; . ,' 
The " ~ol-air " temperamr,e, can be defined as the equivalent tempera~ure which produces the 
same . h~at, flow .. betwyei;i

1 
the ambient al).µ. the external surface of the building as the 

combjnation·of ambient. t~mperature, solar radiation and infrared temperature: 
·' . ' . ' ' 

. · ~ ~ 

The parameters of the analog eleqtrical model are.calculated in order to meet the following 
criterj.a: 

.. ' . .. 
1. The overall heat loss factor of the building is conserved , : , . ;,: .. ,' I , 

2. The ratio of loss through light structures to the total losses is conserved 
3. The characteristic responses to a step change are conserved: they are namely the sudden 
change of internal temperature at the moment when a unit step change in heat load is applied 
inside and a similar change when a step change of outdoor temperature occurs 

- • -· 1-·~· \l'" .,;,- •' , ... p -·· 

4. The time constant of the zone 1s conserved 

The information flow diagram of the simulation of a one zone building simplified model is 
given in figure 7 

Sol-air temperatu e resultan t temperature 
0 

I TYPE 74 u 
N T 
p I p 
u u 
T SIMPLIFIED BUILDING ZONE T 
s Heat flow structu re temperature s 

AUo AU1 AUv 1Cs C1 

Fig. 7 Information flow diagram of routine Type 7 4 

In [32], Laret et al provide some additional information about the calculation method. 

C. Parameters identification. 

As shown in [32], the calculation of the parameters of a building simplified model follows a 
tedious process. The apparent simplicity of the model is obtained at the price of a heavy 
preprocessing work which furthermore requires a lot of information: material properties, 
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walls composition, room geometry. This information is n.ot always fully available and, in 
many cases, can not be certified. In those cases where a 1preliminary calculation does not 
provide a reliable result, an alternative method would be to estimate the parameters of the 
building model from data mo:uitored on real projects; . using a process. identification 
algorithm. Indeed, the building model presented above is a fully dynamic model and the 
parameters of the model can not be estimated on the basis of one working point in steady 
state regime. Methods suitable to identify dynamic processes are required. · " 

In·order to'.apply 1 system identification techniques; the model is recast in1the system analysis 
formalism. The equations of the model can be rewritten as: · 1 

• · • • 

'• :.r "' '· ' 
; 

l' I , 

•I• (3) 

' 
., 

I .. 
. ' • ' ! I l ·,\' .' ! '• r1 

where the matnces 

. ; ~ i · I ' . ' I , •• • ; ~ ' I . ' . • 

A andB are related to the parameters of the model by a set of relations pi;esented in [33]. 

This is the expression of a state space equation. An output equation can be associated with 
this state equation: 

(4) 

with 

f and D again related to the parfil!l.eters of the model· by a set of relations presented in 
[33]. 

' . 
The state space differential system (two coupled first order differential equations) can be 

I 

transformed to a second order input-output differential equation, which can be written as: 

with the coefficients ai and bij related to the original matrices parameters by a set of 
relations presented in [33] 

The structure temperature has been eliminated in this equation. This formalism can be 
easily converted to a discrete time equation: 

a 2 7;(k + 2) + a 1J;(k + 1) + a 0J;(k) ~ P11 T,,* (k + 1) + P10T,,• (K) + P21Q(k + 1) + P20Q(k) 

which suits the needs of a system identification algorithm. For instance, the ELS 
("Extended Least Squares") algorithm can be used [34]. The application of this algorithm 
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h~ads 1 to am.estimation., of the value of the a.i and Pij parameters which are related to the 
'.'physical" parameters through:a·set of mathematical relations also presented in [33]. 

• ;tf, 
, f ,, 

. • ~ I . 

1.An example of the applicatiion of this method is given in[33]. 
I i' • ~ . 

. - ' !) : \ .;,, • 1' 

ti. Exanipl~ of ;us~. 

This simplified model was used for the simulation of the case Study nr 1 (german 
fiqWi,01,lS qpi!ding). In tha~ sense, it was .compared to a detailed·,.building model (the 
MBDSA building model 9r Type 46) for a number of cases: 1 

- unconditioned building: february, september and hot wave period 
- controlled building: february, september and hot wave\period. 

The detailed results are given in [35]. Only a few samples will be presented here. 

Fig. 8 shows the compared evolution of the temperature for the september period in 
1 ' l • . _ .. · r ·1 di I'' 11 I · . 

theunconditioned·:case.' '': '· :,t•ii· ·· . · ·i.-'.iJl . ":"·'' '·' ··'·· 

Ol 
Q) 

:2. 
ci. 
E 

, . . . .. '') · .I 

" • 

~ 17 __ ._.,,,._., 
•' 

16· ----U --------....,.-__,.,......,.....:11----l-I 

15 ·----------------~-----11 

14 -1----.---~----.---.--,...---~-~-~-~~-~---l 
200 250 300 350 \ 400 450 500 . 550 600 650' ... 700 

·'· · 'Time [h] · 

J~ 

I •:. ) 

Fig. 8: Compared temperature evolution. Unconditioned building, september. 

Fig. 9 shows the compared evolution of the temperature for this period and fig. 10 
shows the compared evolution of the coo Eng load. 
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Fig·. 9: Compared tdmp
1

erattir~ evoi~ti~h. Controlled building, summei;. 
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Fig. 10: Compared cooling load evolution. Controlled building, summer. 

The different results presented point out the following conclusions: 

• problems associated with the treatment of solar gains by the simplified model 
• the control behaviour is similar for both models 
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• the heating load calculation yields similar results. This is not true for the cooling load. 
• simulation speed is very si:q_ii lar 
• basic information, is .!h~ ~agie for both models. A heavier. preprocessing work is required 

for the simplified ·'model. · ~ 
. i ·, ;- I 'i - I·. : ; 

'I . .. l .. I 

As a conclusion ' of this; qµalific~tion ' exercise the simplified building model will be 
considered as 

1

"n?n qualifier; foF\aiset of building types which incfode high inertia buildings. 
Furthermore, calculation\ o:fi c;>verheating risk an(! ·cooling loads in case of high solar gains 

'\ • ' / • ' · ~ I . " . 

should not be ~arried' on usi.J~g this moqe1. ·· l: f · ;r I: 
' 

~. i ' 
t • 

4. CONCLUSIONS. 
. : :.) ; ; . ~ . 

In this paper, the general objectives of Sribt1

ask 1 and the approach used to achieve these 
objectives are presented. As the other Subtasks of the Annex 30, to which it is intimately 
connnected, Subtask 1 will mainly rely on the material provided by the Case Studies. The 
development and application of model qualification procedures will be the main activity and 
output of Subtask 1. A numb~r :of topics 'Yef<?r .ide~tipe(t_~o ,Re ;nc;}:uci,ed in,the procedure. A 
typical exarriple was presented 'c6

1

nceming the' do~lin'g' coil m'oaelS: . afte~ a quick review of the 
most common available models, the model in use at the University of Liege was presented 
with more details. Based upon this model, a qualification procedure is being set up providing 
test-benches and making them available to both potential users and model developers. A 
comparable procedure was developed for building zone models. These test-benches are 
heavily relying on Case Studies as applying a qualipcat!on procedure to real examples only 
can make this procedure realistic .~d particip~~~ t9 tlie general go_al of shprtening the distance 
between simulation and application. ' ~ , . .. . I 

I 1 ·,I 
ll 
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