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ABSTRACT: To evaluate the performance of ventilation system properly, the correlations
among the ventilation rate, indoor air-quality and cooling/heating load should be analysed. In
this study, simulation tool to analyze the performance of ventilation system was developed.
The simulation tool is based on the TRNSYS and some modules to calculate concentration of
pollutants with the operation of ventilation system and to decide the signal of ventilation sys—
tem were newly developed in this study. And these modules coupled with building load and
heating/cooling simulation modules. To verify the validity of developed simulation tool, com-
parison study between simulation and field study were accomplished. As results, the simula-
tion tool developed in this study can be used to predict the performance of ventilation system
with accuracy.

Key words: Indoor air quality(IAQ, AW F713), Simulation tool(H7}e ), TRNSYS(E HA] 2)

Jl s 49 aajla 22X}
ACH : time-step?d #71#%9 #7354 [ACH] ¢ ¢ F713 AR R one-pass AALE (%]
Ce : ol4tglgbd % [PPM] :
Cyp : £B8YHSE 55 [mg/m’] sH& Xt
CMH : time-step 713 A9 % [CMHI]
P, time-step@ 1%19] CO2 T = (m’] F : A (former) time-step
Py : time-step? EEUH S B4 [mg/m’] F—M: 37134739 ¢dRE
SC : AdAR 2AFd BE A = (] INF : #7]
VOL : AA [m’] Out : A8(817)
P D7 A
¥ Corresponding author 14 P87 ¥
Tel: +82-31-290-7551; fax: +82-31-290-7570 V—-M: &7 $H8=
E-mail address: dssong@skku.edu Z . #&(zone), A (room)



BA 2] 45HtE A F3 AEHoIA Tooldl 7%

.M &

AQY AUFNAL 4R HeAdE od
g39 W&ol Ae WA AZAA A48 @
A @029 Ago) BruaT 2 A

713 AL A8 AEA @rlg AT A

o] 2o WE - s 2 Fzu| L9 Z7h
Fz= o Y =X E(cold-draft) B4 T3 #Zo] FAld
nEsojof & 5 BaSo] wAFY

g7~ A5e BGHeD Hrtayl 98
A 49 2 223 Zo] A7) WA Hrist
o]ojHo} U}, H]4 B X ZWAM F4 A
Beold 71We 8L Ao YutHolr}

A B AE B8 o] e A TV W
89 gz 2 o - dEs Ao Iwdoz
Table 13 #& A oj4d 58 #4353 .

olg3 BEL ZZe &5 we CFD A&
o], V[EHA A& o)A (network simulation)
o2 BFEg & Q.

(1) CFD A& a®e w9z s
ZARZREY] oFEA ME L FA 4L
o}F AAE BAIE & Qo] da) Agsa o
U Aol A odBWe wjEga EAolU
7 47te] 2923 o|F B4 BEAMIE dE
g #AE ARz U

2) 7189 YEga Negod %% 22 @
7ol e edegde Az o]F 2 2YdFE W
59 gz 2¥e F1 YAKAE =9 CON-
TAMW, COMIS), 2 AZH3 W - yhins
EHENE 9% AHolojMq(dS SW TRNSYS),
Agys E49 RAE Ay @A"Y

113

HEug SHolv ¥ - d¥A2d § A2d
B8atA BALE7] o2& (dE W ESP-1)
el Qlerzg 7]E9 UEHa AEHNR &
AANPoRE & ATFolA AFgHRI YE B4
29 #AYTE FHHLE HA¥E da
gA7E Ao

metd 2 AFeAe Ad F7129. 494,
dEx AE AT FVA2HY 7HE AR, &
7ol W& AW 2gFxe W, @74 we 4
W 284, W - Rt MFS e B
A 5 e FF AEdd EE MEdax
Lids 3

2 =ddAes & 478 58 Agd 3¢ A
BHold E9 JidS dWsx, @r1ad 4%
Zztote] HlwE T3 ALd ANEelN £ B
34 HEZFAE AMST Ao =T AEE F
g Agdold ES B3 4F 87wYd we
ANE7 AEH 2 - Y F5EAY A%
A7E RHola U}

m e o

2. 8t Ag2olM So| ML
2.1 Ag¥st/d - i A1 0| 4-TRANSYS

2 aAFeA JdE #rAxde A5Ht &
(B3 AMEHNA B)2 54 odyA d=zzay
¢l TRNSYS(TRansient System Simulation Pro-
gram)& 7IWe 2 d3 glvd. TRNSYS T2
@e 19759 u2 A& it Solar Energy
Laboratoryol A HIY¥E I471& H4s7] 4%
Tgadez Ause A= PSS HES A

Table 1 Characteristics of energy or IAQ simulation program

Concentrgnon Annual load Network Adjustment Writing new

calculation . . . . component

calculation simulation of time-step

of pollutant by user

CFD Possible Impossible Impossible Possible Possible
COMIS Possible Impossible Possible _ Not transient | Possible but
simulation program|very complex
CONTAMW|  Possible Impossible Possible _ Not transient ) Possible but
simulation program|very complex

TRNSYS |Lossible with other) /. [Possible with other) 5o qe Possible

simulation program simulation program

ESP-r | Partially possible | Possible Possible Possible Possible but
very complex
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Table 2 Ventilation method for controlling IAQ

Ventilation method
Mechanical ventilation only

VM1
VM 2| Mechanical ventilation with air cleaning unit
VM3 Air cleaning unit only
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A Ventilator : Night mode

Ventilator : Same as signal of
former time-step
Count= 0

Ventilator : On
A |Count=Count+1

Ventilator : Same as signal of

Count=Count + 1

former timestep

Ventitator : Off
Count = Count + 1

(O) : Air-pollutant is controlled under regulation

(X} : Air-pollutant is not controlled under regulation
Count : Count of time-step #teration

NOC : Value that operating period divided by time-step

Fig. 1 Operating algorism of VM (ventilation mode) 1.
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Count=0
No
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Ventilator : Night mode Yes
A Air cleaning unit : Night Night mode
mode
No
Former No
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Ventitator : On Yes COxX)
4] Air deaning unit : Off and
Count= Count + 1 HCHQ(O)
No
Ventitator : Off . Yes COx(0}
A Air deaning unit : On and
Count= Count + 1 HCHOX)
No
Ventilator : On Yes COz(X)
A Air deaning unit: On and
Count= Count + 1 HCHO(X)
No
Ventilator : Off

Air cleaning unit : Off -
Count= Count + 1

{0} : Air-poliutant is controlled under regulation

(X} : Air-pollutant is not controlled under regulation
Count : Count of time-step iteration

NOC : Value that operating period divided by time-step

Fig. 2 Operating algorism of VM 2.
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Fig. 3 Concept of one-pass removal efficiency.



@71 2del 4EHotE oe 5% Aol 4 Toolel 7 17

dgdel Fxust AAREE Hount” 2ES B Ad dExee vas §3 =
azy, dAHzE duldi 2dE8Ae] A g9 =& #3/2g5A

SHeoz BT, FNFHI] AEA d&5H (1) 87IM Aol MsHI 42

2 29E3°) AAR wFol Fig.3olM e} o) N2 E A FFEFY MHAE Y%

71T RA 9EE 93, & - 559 Jla% B7tE AT 45g AANsdY. 4&L qgs

=& 238 3718 TUHARRY AP FFo AEel £33 F o 15719 AR 3BYY TF

2 93 53 A9 txwxs 53 F9 i Fad A AY+Fu+49 F2ho) Table 33 2

TEE FA3%Y, F3 AS)F F(S») stxE e HALF] @AY E A FE HAFig.

E Aolo] HlZ2 A HE one-pass AAREY 4¢} @A) K9l MR sn #AI)A2H 7 ¢

Age]l Fx) A g ol o= dutyog o] g3}

Itk B AFNAE I HAHREY 2 9ER Table 3 Airflow rate of ventilation system

A7 (5—% BE HEE AG °) e A 83 Ventilator Air cleaning unit

A 70 [CMH] 180 [CMH]

o e = 'One—pass removal efficiency of air cleaning unit
s T 7ESE Aol &5 is set at 035 (35%).

AT E off2 TAZT FEAMA A7|HWe F
FACH,_ )& 022 1H3}E AL #9349
VM 29 A4 dxneFd FY3io).

LHEEAY B Y, @], F/AHA S 9
3 F4zlo] £ AAAEHE dH gL
£ 3239 71gd AAHY dAdz FRH R
PE &= Ro] o}l Al AFAT metA, o
Hg Aoldoz g AN 235 Fol7] 9
A& time-stepE Hhg BA DA op o}

(3) &2 3218 FH(W 3)

FAHR A

233 MUE Aol 2ES EIYM HE

2 AFE 53 A @A xEHe] o HEA
AA EQ NEHA RES EIAHE AES
3 goN2"e] gt AZdolE g sy Fig. 4 House model for field study.

Table 4 Measurement condition

Outdoor condition Dry B. Tem. : 10~15T, Relative Humi. : 22~36%
Indoor condition Dry B. Tem. : 25C, Relative Humi. : 30%
Infiltration rate ° 0.2 [ACH]

Outdoor concentration HCHO : 0.036 [mg/m’], COz : 350 [PPM]

Table 5 Result of measurement

Concentration (HCHO)
Operation mode Before operating (Base concentration) After operating
[mg/m’] [mg/m’]
Ventilator only 0.236 0.083
Ventilator and air cleaning unit 0.224 0.062
Air cleaning unit 0.367 0.113
Indoor emission rate of HCHO 0.00812 [mg/hr*m’]
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Resuit of field study : i (Before operating ventilation system), ((After operating ventilation system)

Ventilator only

3

o

°
=

HCHO Concentration(mg/m®)
(=]

Ventilator and air cleaning unit

0 1 2 3 4 5
Time(hr)

Air cleaning unit only
0.3
0.2
0.1 Result of simulation T
0 1 2 3 4

5
Time(hr) Time(hr)

Fig. 5 Comparison between simulation results and field study results.
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Fig. 6 Concept of coupled simulation.
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Table 6 Simulation condition for load calculation

Weather

data Standard weather data (Seoul)

Cooling Heating
Set-point { Dry B. Tem. : 26C | Dry B. Tem. : 20C
Relative Humi. : 60%|Relative Humi. : 40%
December ~March

Period June ~ September
Human : sensible 65 [W/personl,

In}tlenzal latent 55 [W/person]
ea o A
generation Lighting * 20 [W/m’]

Appliance : 20 [W/m’]
* Schedules of internal heat generation are set.

Qan

Table 7 Analysis case

ACH Ventilation method -

Case 1 | 05 Ventilation only C
Case 2-1| 09~ Ventilation only C
Case 2-2| 09 Ventilation only F
Case 2-3| 0.9 [Ventilation+air cleaning| C
Case 2-4| 09 |[Ventilation+air cleaning| F
Case 3-1| 1.0 Ventilation only C
Case 3-2| 1.0 Ventilation only F
Case 4-1| 1.4 Ventilation only C

C ' constant airflow, F : feedback control
* Present recommendatory airflow on apart-
ment house.

" Maximum airflow that air-pollutants were
maintained under regulations by ventilation+
air-cleaning + feedback control mode (simula-
tion result).

" Maximum airflow that air-pollutants were
maintained under regulations by ventilation +
consecutive control mode (simulation result).
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Fig. 7 ITAQ control characteristics.

Heating load caused by ventilation
[0 Heating load caused by building

[0 Cooling load caused by ventitation
[J Cooling load caused by building

GJ
7.0
‘8.0 2
, 7,
3 5.0 Z ‘\‘-
2 40 Z Bk
s & 7
H 7
T 30
2.0 L
1.0 Z
.

5%

Z

Cooling load

Case 4-1

Case 4-1+Enthalpy recovery

Case 2-4+Enthalpy recovery

Fig. 8 Heating & cooling load.
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