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In designing thermal and ventilation systems in buildings, an examining process of exchange 
between the designers and analysts is needed. This study aims to expand the simulation 
system of thermal and ventilation into an automated process for the design of optimum 
thermal and ventilative conditions, based on the expertise of analysts, the analysis of the 
thermal environment and the modification of the design, by automating these functions. This 
paper describes the outline of the computer-aided system for thermal and ventilation design, 
the inferring method of design-modification parameters and the effectiveness of the system 
through the application results to the cases in which the room temperature in a multi.zone 
building is targeted as the thermal and ventilative conditions. 
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INTRODUCTION 

In designing thermal and ventilation systems in buildings, simulations of thermal and 
ventilative conditions are necessary to establish an intended thermal environment in a room. 
In this case, an examining process of exchange between the designers and analysts is usually 
needed. This process is very significant in the execution of design tasks. It demands a high 
level of expertise and is quite time consuming, while it offers the possibility of shortening 
the design procedure through increased efficiency of the design tasks. 

This study aims to expand the simulation system of thermal and ventilation into an 
automated process for the design of optimum thermal and ventilative conditions. This would 
enable the development of an expert system which would realize the thermal environment 
targeted. This system, 'THERVISS', based on the expertise of analysts, the analysis of the 
thermal environment and the modification of the design, by automating these functions, will 
assist designers. 

In the previous papers, the computer-aided system for thermal and ventilation design was 
applied to the cases in which the temperature of a single room1) and the room contaminant 
concentration in a multizone mode12> were targeted as the thermal and ventilative conditions. 
The system outline and the method of inferring design-modification parameters were 
described and the execution examples mentioned. This paper discusses a multizone model in 
which the room temperature is taken up as the target environment and the method of 
inferring the effects of parameters of adjacent rooms on the room temperature to be 
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designed is �tr�orpor�ted to allow the inference oft design-modificatjon .P¥a.i?�ters by ijsing � , 

various meili.ba�: Tije execution· example .. using such :methods i·s d�scribed. below, '.Alld":' 
inferential accu.�acJp_s :of 'foq�)��P,_er���· and' ex�cution1 titne ireguired, r6si:tltjn$ _f.fqm ilie• ... 
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System Overview(Automated Design Procedure) 

Figure 1 shows the system's configuration and flow!� Following the.input of da�a, simul�pon. 
of the thermal and ventilative conditions is done, and the results are checked. Failure to 
achi:eve the - goal requires·:the further process of inferring which parameter(s) should,. be 
chaµged. · FQ]fo�ing the 'change .. of' the data· involved;· simulation of the therrl].aJ and 
ventilative cpnpitiphs is redtme. This trial precess· is repeated untiI-.the.target i� -attained. The 
simulatio)l. of"the' thermal and ventilative conditions is·-=·p·erformed, by using a pr�viously 
developea mu�tiz�p,� ven1i�ation .-�i�ulation·:�yst:m named·.'MULTifYENTL')1 (based on a 
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Figure i: System input land 'output procedures 
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�----'"'------. : : : i.lli� � ... .. �Pi. . . . . . . . . · CD Histogram of fl Hit , , . - • . · ·a Pt i . I':. j :: 
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he�t p.�alai1ce eql1ation applicable to· each·room coupled with. � �r rate balance �guation) to 
analy.ze r<:'.ibm' t�mpefature, room· ptessure, ,rnom humidity, ,r.oom .... pollutants. CQ�centration 
ana venti1atiiig1 arr rate. Figure ··2 ·shows the· input. , �p� ."get�ui'�foceqtlres gt' the system. 
The initial design, the targeted thermal and ventilativ,� .. oond�tions; �d desi��modifiable' 
data are inputted. The thermal and ventilative condiiforis irl"this 'paper it�' re1ated to the··· 
room temperature. Following the execution, alternatives for an improved design, and the 
thermal and ventilative conditions aft�r ,reaching_ the goal, an� obtained. l'he modifying 
process of parameters to attain the target, variations in'' the room terl:iperatllre and alternatives 
for ultimate design improvement are then output. 

.I • t�.· 

Inferring Design-modificatiun Parameters , , 
:i·. . ·.1 . , ·c 

Based on the simulation results of thermal anctventilative. onditions, b.. Hi; ffie·· estimator 
on increased heat gain by each parcmiet�r..is, c�f�ulated by using Equatioi;i ·cp _and ·

'®, With 
regard t6' the 'parameters which hav,e: beeµ.i inp.un,ed as b�ng <!:Ple to be mddifi:ed·. For. tlie 
modific,atlon 'p��ete�,s .of the room to ��:. d'�ignef!,_. , ;b..' Hi c� ;be caic1:1la ej:l' ti{ usii:ig 
Equation' CD.� For the parameters of rooms ,adj!icent to th� .. rp,om to Qe desigried," ts. Hi cari· be 
calculated� by ustng Equation ®, on the basis that the. temperature of aajacent'rooms will 
change due to modified parameters� thereby causing the air-ventilation and heat transmission 
between the room to b�·J:J:·��J�ed and its at;ljacent rooms to thermally affect the room 'being 
designed. Next, the frequency: distribution of b. Hi is determined and parameters designated 
as higher ranks afe;ffif�i=f�d a� such parameters, as are effective to designate tqe temperature 
of the room to be designed. -=If the modification parameter Pi related to the ventilating air 
rate�. (such as the opening··. area(A), monitor area(A), flow factor of opening( a); ·tand 
magnification of fan(m)), -vanes by b.. Pi, it w9uld be likely that the inferential accuracy .lj>f 
b.. Qi,_ the .change of v�nfilating air rate, would greatly affect the efficiency of the system 
with regard to the numb.eLof trial processes. In this paper, based on such 1¢elihoog, the 
three methods sh0.wn in Tabl.�: 1 are ex�ined in trrms of how to infer 6.�Qi. lnferentj.al 
accura:cie& ··of the room t�mp�r�ture and the execution time required resultivg f�om these 
methods are compared. 

-

_, .i 
·"· 

In the appro�mate linearfaati6n of the calculation of the ventilating air rate(Q [m 3 /s] ), 
b.. p I ( = 6. p - b..,.:1) and b.. p2( = b.. p+ �.;2) are deterlP,.jne.d, and between these-. two points, 
Q=:=f( b.. pr1is �pproximated b� ::using th� straight line Q�A: 6. p+B; in which "4 F'.alld b.. 2 
should be deteo;n.ined according.�o ventilative conditions (Figure 3). For _a_ m_qnjtor, ·t- � be 

·expre�sed in ·the· form of Q=A·pM:.B. Here�.ll p is the, pressure difference of openi�&. JPa] , 
while pr, the room .Pressure [Pa] "':i :. . . 

' 
' , , 

.. - . .TABLE '} : Calculapioif·of ts Hi;,�' < . . . . · ..:: ·_- ·-:-- .- :...:. 

!i _ '"'i•::•u. .. - .• "1fue estfnrator of an mcrease m heat -gam for .each Method(A-C)) :· 
� .. ::.. .... � ..;nr ., 

.Method A, . Calcgl;ition .of A-H[ �sing ·Equatl:on CD and ® ,, . 

·-· ··---·-· . _ M�thoc(A + 
.. 1� 1·' .. � - -· ' :..----

11!!·";1,... J _, .
.. for 'desigil-modifi�uion p��eter Pi that changes the ventilating aif': &�te : '' 

· · With ·lb� room .te.¢,per� attained a� the-·�th round-of-trial:lised aS..,a knoWI1;·
. 

Method B and through the aJI �ate1 balance _equat:J.on us�g',the :vW,�e of .Pt + A Pt after fhe 
n. ''= 1 Y: p;u:��i;ec was

. 
µiodified,,a nonhne·ar caleulaaon rnu:tme-wh1ch s.o,l� the !QO� 

- · · pres·stli'e1 1s addedf "By uslllg the. room-pressure- obtained, the vent1latm� arr rate 
. m��ch-opening � can be . c�culate?. t<;> ootain A I:Ji �!h�egard to N +" l· ij'��-�':.:; 

•. ,.:!!''•\f" :., "l•J.:...nn \; "�O" • • 1 ,;ltt... -�--. I i :·· =:f - . ,;, . . , 4 : t ,· l . ... ....... , . ....... - • • - . .. - - - ··-·----
-9 _ ., 

' · •  -�- ,  . ·- -:-::::_ 
-·-- -·-· : . ..I 

'! r· :':v 'Meth'od:;A .+: .,,_1,,:·:� 0'0',, · ··· _.:.:_:: ___ .. . _ .. ..... . .... ... ··-- -:-_-:-
• - " >F�r ·de;i���Qd#l��tion parhlnet�r Pi that changes the ventilating·itjr-rale:-. ' .. - :!>W.ith-� the ! rQQ� ,temperature obtamed at the Nth round, and by tlSJ,ij.g ... �e ·rvalue ·Method C, b" ;r<>f., I>\t':t � .P� 'filter the param'eter was modified, the room p�ure can: be 

• f, • ootafued' through . a '.linear calchlation routine based on the a,ir • . rate-.halance 
e,qua:ti9,n in - �Iii'�li calciil_ation of the veIJ.filatinE air �t� is' approZfim.ately 

. ,, hnearlZed. By usmg the room .Pressure obtained, tile ventilating au: rate _in eacll 
.. 11 bpenffig can b<fcalcufated· to' ootain A Hi with regard fa N'+- T round: -- · 

.,. 
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EXECUTION EXAMPLE 
. . -· . . 

• �:'?il't' . 

Executing Conditions . •  ' , • ,_ ,. . .. ... , ;· > 
-.. -a-• .;A.· •• - •• ·- ----·-·- --·-· -i -.. � 

�-. ' ' 1  ·. " \.  

Table 2 shows the executing c9p,ditions �� Table 3 �how$ th� initial -cfesi'gn�altematives, 
modifiable parameters and their ,modffiable Jimits for .. the bll\l:dlrig examined." Here, the first 
room has the target thermal and ventilative ·fonditions, with tlle target temperatUre of 3 7 °C. 
The inside temperature "of the first room Under the initial design alternative is 41.2 °C(Figure 4), or 4.2 °C higher than the target room temperature.\,:-.. - ·· .. -�--· · 

.. 

.. { � ;: • I 
• ,. 

TABLE 2:Executing conditions· Q 
[m'/sJ 

a =f ct. p);:, 

Calculation site 

Calculation time and date 
Outside temperature· and 
humidity, Wind direction 
and velocity , · . 

- . 
Rate of total horizontal 

'Fo!<Y.o�5.6� 0 N.L. 
and 13 .77 E.L.) . ' 

12:00 hrs; August-24 _ 

-
30.0 °C and 55%, 
SWS and 5.0m/s 

- ' 

- . 

( t. i;i2, f ( t. p2)) 

Ii:.:. 

, : 

solar radiation .,. ... , - .. � ,. 
s14w1m2 . · '.,"·1, 
(ifirect649, sky· :l j4). . . 

Rate of horizontal 58W/nr no9turnal radiation 

t. P1 t. P 
t. p1=t. p- t.1 

t.p [Pa] 

Target room and temperature Room 1, 37 °C or less 
Q = f( 6. p) can be apprbximated between ·two 
points (1 and 2) by using .,.Q=;=A • Cl. p+B. A and B 
are determined by using pr( which was obtafued in 
the previous calculation step and corresponds to 
the ti p):-d 1 and 6. 2 are vruj.able and should 
be determined according to ventilative conditions. 

Amount of sensible heat Room 1 Room 2 
generated inooors · · .. 

'" 29 0:7kW 290:7kW 
Amount of latent heat Room I Room2 

58.lkW ' - .. �- - - � - ·- .. generated indoors 58,.JkW 
Fi�re 3 :Linearization of the calculation of 

�' ventilating air rate 

TABLE 3:Modifiable parameters·and possible range of modification · . .  '· 
• I ' . 

Building data . Modifiable parameters Ini ti�l Changeable. Ran!re of 
value 1 ran2e (%) mo ification 

(menim!' f 
'( mertinP. 2 
r>neninu 3 
Monitor 1 . 
Monitor"'2 . 
Exhaust fan I 
Exhaust fan 2 

-Roof f 
Roof2 · 

OPI 
OP2 
OP3 
MQl 
M02 
EFl 
EF2 

·RFr· 
RF2 

Area· 
Area 
Area 
Area : 
ArP.11 
Mal>'nification* 
Ma011ification* 
Freafltansfet t'.nef. 
Pleat transfer t'.nef. 

ni A 23.0' 75 ·--:-- 200 ; " 
ni A .. 23.0 ... 6 0  ....... 110 ' 
ffi.,;, A 23. 0 75 � 200 J,. 

- m A 23 .0 75 ....... 200· 20%of 
m A 46:0 96 ....... 116 ChiuJgeable: 

- ) - 1.0- 50 ....... 300 , range m . ) LO 50 ....... 300 m 
fW/m K) u ""5:()7· 62--.... 100 I (W/ffi K) u 3.07 62 ....... 100 . , *) The exhaust fan 1s appro�ate, m its char�ctensbc ,curve, to �e qu�drabc equation _(p a .O'+� · 

Q+c). T�e. fan's m:agµifica t!on m me�s .. pt�· ,f� s �volut1p_ns�.-w-.,. perc�p.t�ge, � which its 
chatactenstic curve is (p=a · Q +b · m · Q+c: m) · ) ,- .· -- -�·c·-,Ts)-- .. -·-- -- .

· 
. 

- ·- - -

- p: fan's 'static pre.ssure (Pa Q: fan s arr r�te m s 
.•. � .C'. ! � �'..11.: I . 

Results 
·�' I "-' A.. .,._ 

· ... "f""H. . · :.\. , ·n , ·""···. i ·- - ·- --
• . -

.. '.'>. 
.... _, 

f.Jgu1:e!; �- �-�pws the results� ... of. -0�.s�gn imp�9vep:ie.9'� ,alfema'.tive rultiin:a1�1!'. botfilne��-�lm�p� 
thei �x�q�tl .on of the .syst�i:n b�ea· en metttods A, B a��·-�· .

For method C, exarru�n� tij.e 
changes·m the pressure (:bfferenct; , :� p pf each op�ttn:ig,, ts 1=0.2914Pa and ti 2=0.I§6Pa 
iWere applied to" obtain the results:-r.shown. 1Figure 6 , shows the room te�peratuies and· the 
sel'e-cted-:-U-estgn=tnodification · p�ters-· such �s ;Jhe o.p.e.n,ing <rrea, _irlQ.r.i1tQf . . J�.rea, fan's 
magnification and heat transfer coefficient of roofs 'that evolved in the process of changing 
the des�gn ,by. means. of the indjyidual methods .. In the ultim51te design alternatives, the 
result§ differed sY,glltly' -by method. 

· 

, : 
.. .::: · · - -
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Figure 4:Initial desigrt; roorrl temperatures 
and ventilating air rates 

EFl 
m=3.0 

EF1 
m=3.0 

\ ' 

Room temperature( 'Cl 4Zr:-�
����������--;:::====::::::;i 

Figure 5 :ifupr6U.
ed design alte��tives, room' . . r • • Figuri7:Inferential' accuracies of·�t 

room tempefature· change temperatures and ventilating air rates 
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Considerations 

Here, the accuracies of the first room's inside temperature inferred by methods A, B and C 
respectively are examined. Figure 7 plots the examined results of accuracies of the 
first-round inference conducted in the trial process of attaining the target room temperature. 
The estimator of the room temperature change calculated from 6- Hi is set as 6- t. The 
room temperature difference before and after modifying the parameter, obtained through the 
simulation of the room temperature carried out by using MUL TINEN1L, is hereby set as 
6- T. ( 6- t is taken to be positive when the room temperature is predicted to drop, while 6-
T is taken to be positive when the room temperature dropped.) In the methods A, B and C, 
both 6- t and 6- T are indicative of positive correlation. However, correlation is greater in 
methods B and C than in method A, hence the accuracy of inferring design-modification 
parameters increased. Furthermore, with the area of opening 2 increased, in method A, the 
room temperature changed ( 6- t>O and 6- T<O) contrary to the inference, but in methods B 
and C, it turned out to be as inferred ( 6- t<O and 6- T<O). With this, the number of trials to 
attain the target room temperature amounted to 29 in method A, 20 in method B and 21 in 
method C. Methods B and C maintain the same level of inferential accuracy. Concerning the 
execution time, methods A:B:C =1:3.58:0.98, or method B took a longer time due to the 
effect of convergent calculation of the room pressures in each trial. From this execution 
example, the effectiveness of method C was the greatest from the viewpoints of inferential 
accuracy and execution time. 

CONCLUSIONS 

In this paper, in a multizone model, the computer-aided design system for attaining the 
target room temperature of a particular room to be designed, has been discussed. In the 
inference of effectiveness of design-modification parameters, an examination was conducted 
by the methods of inferring the ventilating air rate when it was changing as a result of the 
parameter modification, and these methods were applied to the execution example for 
comparison. The results indicated that the method of inferring 6- Hi, which was based on 
the approximate linearization of calculating the ventilating air rate, was the most effective in 
the accuracy of inferring the room temperature and execution time. In the case of this 
method, the values of 6- 1 and 6- 2 affected the number of trials ( convergency ), so it is 
necessary to determine the best set of 6- 1 and 6- 2. In order to further improve the 
convergency, it is necessary to vary 6- Pi, a range of modifications and to simultaneously 
change related parameters by building up the knowledge available. 
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