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The Simulation J%deJ. of Irdustrial Air M t i o n h g  
systems 

'Ibis paper describes a simulation program w b i c h  was 
developed for the mdellirg of air-mditionhg sys- 
and conditioned spaces i n  industrial buildings. The 
-am can be used for a design of sysbms for new 
buildings and for analysis of existing ores. By viewing 
the building as a dynamic entity, it is possible to 
investigate how thexmal capacity of the building 
elements acts on both the ad i t io red  spce and the 
performance of the air-mditionhg system. 

The program simulates three inprtant aspects of a 
building. Simulation of the central air-corditionhg 
system detemhes enthalpy, temperature and humidity of 
the air  a t  different points of the system. System 
performan=e, capacity requirexRents and energy 
amsumption urder various c i r c u m s w  are also 
de-. Simulation of the conditianed space shows 
its tmperature and humidity, w h s  different central 
air-ccuditbxhg systems, airflaws and supply-air 
temperatuxes are being used. Simulation of the control 
system makes it possible to investigate the effect of 
different control methuds and devices on the p e r f o m  
of the ampmmts of the central air-conditioning system 
and on the conditions within W e  conditioned spce. 

Corditions in  the simulated space, capacity requirements 
of the central air-arditionhg system and the air 
mixture conditio~ls regarding fresh and recinxlated air 
have been oompared w i t h  meafllred values. The 
-ts have s b m  that  simulation gives a 
realistic indication of b w  the simulated aspects behave 
udex the given circums-. 

The tempera- of the simulated space have also been 
ampared w i t h  the values calculated by 9 Ventac- 
program. The average diffexenm was 0,2 C. 



List of symbols 

= area of the wirdows &m2 1 Ai 
= areaof thewalls [m 1 
= heat c!zpcity of the wall [W/kgK] a = output 
= error signal 

en = heat transfer eficient of the walls [w/m ii] hs i = enthalpyof the roanair [kJ/kg] 
is = enthalpy of the supply air [kg/kg] 
iSP = enthalpy of the outdmr air [kg/kgK] 
liu = prapoticnal gain factor 
K? = integral gain factor 

= VKM frun the open cmtabxs [kg/s] 
%k = vapmr fran the macMnes [kg/s] 

moisture frun the human bodies [kg/s] 1 mass flaw of the supply air [kg/s] iv - m - mass of the m a n  air [kg] 
ms =mass flow of the supply air [kg/s] 
msp= mass flowof the infiltrationair [kg/s] 
mV = mass of the wall [kg] 
tW = time 
T = jJxkmr tmperature [ O ~ I  
TS =outdcmrtmperature[C] 
T~ = -ture of the walls [OC] 

tzzmmittan=e aeff. of the w i d m l s  

W = IAexmd tzzmmittan=e mefficient of the walls 
witbut the of the inrrer heat transfer 
coefficient 

x = humidityof the irdoor air [kg/kg] 
xS = humidity of the supply air [kg/kg] 
xSP = humidity of the outdoor air [kg/kg] u dd= radiating heating load [W] 
ds = convective heating (or oooling) load [W] 



The Simulation W of I-trial A i r  CaxEtioning 

In the resear& and design work of i d u s t r i a l  air 

ockditioning system a need for a simulation program 

became evident. Because suitable and cumerdally 

available programs viere not f a ,  it was decided to 

develop such a program. Using m w  the m l y  developed 

IVSIIvKlL-mdd it is possible to simulate 

- inaoat temperature and humidity 

- temperature, humidities and enthalpy at  different 

points of the air conditioning system 

- heating and cuoling effects and energy mnsumption 

- effects of different control system 

- effect of the thermal capacity of the buildiq 

-ape 

The program mis t s  of tkee different parts which are 

linked together. One part which is linked to the dynamic 

rcun model simulates the behavim of the air 

ockditioning unit. The control section makes it 

possible to simulate the operation of the control 

system. 



In many fields of i.x?dustry it is important that the air- 

c a d i t i o m h g  system maintains the required inda)r 

humidity and tanprature. The simulation of the air 

caditi- system is also based on the knowledge of 

humidity, tmpexature and enthalpy a t  different points 

of the system. It's obvious, therefore, that a man 

model must  be a e a ~  in  such a way, that humidity is 

also taken intn m t .  

Enthalpy equation of the room air is written: 

+ U.A. (Tu - Ts) + (AU - is) 
1 1  

(1 1 

The heat lxdamx? of the inner surface of the exterior 

w a l l  is given by the equation (2). The equation is 

simplified, because it is assumed that the wall mists  

of only aave layer. 





INDOOR TEMPERATURE 

TIME 
INDOOR TEMP. + SUPPLY AIR 

~igure 1. Simulated indoor -ture, P-Contml. 

INDOOR TEMPERATURE 

TIME 
INDOOR TEMP. + SUPPLY AIR 

Figure 2. s m t e d  i.dmr txEmpzmture, PI-mntml. 



4 Ckmparison of the simulated and measured values 

SjnniLated values of a printing shop v ie re  mnpared with 

its measured value% The measured values 

- jrdoor v t u r e  and humidity in four points 

- tanperature and humidity of the air in different 

places of the air dtiW units 
- water teqerature before and after the heating coils 

- energy cnixmption of the air amditi- 

- energy of the radiators 

- pawer dgmand of the printing - 
The diff- between the simulated values and tbe 

masunid mean daily t e q e n t u r e s  w a s  0.4 OC on the 

avemge. The biggest d i f f m  was 3.5 OC. A n  exanple 

of ane day is illustrated in the figure 3. 

INDOOR TEMPERATURE 

TIME 
IVSIMUL 0 MEASURED 

Figure 3. and simulated indoor t e m p ~ ~ ~ t u r e ,  



The simulated humidity w a s  scmewfiat higher than 

the measured value. The average differen=e w a s  0.0018 

kg/kg. m i a b i l i t y  of the m o i s t u r e  -ts is not, 

llcmver, as ga3d as that of the .lxxrpmture 

-ts. 

The simulated taprature and M d i t y  of the mixed 

~ r a r d o u ~ a i r w e r e c l o s e t o t h e m e a s u r e d  

values. 'I'he avaage differenx3 between l&e simulated and 

measured effect of the h t ing-  coi l  was 4,9 %. An 

example of the meafllred ard calculated effect can be 

seen in the figure 4. 

HEATING COIL 

TIME 
IVSIMUL + MEASURED 

Figure 4. Mssured ard simulaw effect of the h t i n g -  

coil. 



5 Carqparison of the IVSIMJL and Ventac programs 

The IVSIMJL-pmgram was also canpared with the Ventac- 

program. A snall -tical industrial building was 

used as a test building . Two cases were used in the 

ocmparison. Another was a massive buildirg w i t h  minor 

internal load and the o m  was a light building with 

heavy internal load. The floor area of the building was 
2 

200 m2. Wirdaw area to the southwas 10 m as it was to 
2 the north as well. Lighting load was 20 W/m . Internal 

in the light building 5 kW. Supply air flaws were 1 l/s 
2 2 m and 10 l/s m accordingly, Working hours were fran 

7.00 to 16.00 and a presence of 10 workers was assumed. 

Supply air tempaature was 18 OC and the air 

anditioning was aperating mtinuously. There was m 

mistun? or latent heating load. 

Calculations s h m d  that the results fran the tested 

programs were near to each othe, Differences of the 

mean daily tempaatures of typical days fran January to 

Junewerefrcm - 0 , 1 t 0 0 , 6 ° ~ i n t h e ~ v y i n d u s t r i a l  

building and from -0,3 to 0,4 OC in the light industrial 

building. The standard deviations of the daily 

differences were fran 0,2 to 0,4 OC in the light 

building and fran 0,2 to 0,7 OC in the heavy building 

( f i w  5 and 6). 
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Figure 5. Canparisan of the Ventac  and IVSIWL-prcgmms. 
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Figure 6. Canparison of the V e n t a c  and IVSIfulUGprograms. 



Conclusions and further devel-t 

The IVS-p- seems to give rasombly good 

results for practical purposes. Several sinqplifications, 

hswever, havleberenmadeandtbeysbuldbeborninmind 

wknusirgtheprogram. Thep3mgramwillbeusedinthe 

future for analysis of new and e x i s t i q  h3ustr ial  

~ 1 ~ s .  Mme accurate deszriptim of the ooolirg 

coils w i l l  be m of the future edmxamnts. The 

mtrol system part of the prcgram could also be 

extended. The possibility of 1- the IVSIEJlUL thermal 

simulation rodE?1 to a m t r a t i o n  rodE?1 dadaped by 

PI-Consulting Ltd is wider amsideration. 
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