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A Study on Characteristics of Indoor-Air-Quality in Interior Space Equipped
with System Air-Conditioner
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ABSTRACT: This paper investigates the indoor-air-quality (IAQ) characteristics of the in-
terior space equipped with system air-conditioner. The behaviors of individual variables such
as temperature, humidity and concentration of carbon dioxide (COs2) that influence on [AQ of
the interior space were characterized under various cooling conditions by numerical and ex-
perimental studies. The numerical analysis predicting the temperature behavior of the interior
space was conducted, and its results showed a good agreement with the experimental ones.
The COz concentration and humidity were measured and their time dependent behaviors were
monitored and analyzed. From the results, it was found that there existed the differences of
the time-dependent behaviors of IAQ variables according to the locations. In addition, it is
demonstrated that the large discharge angle of 45° made the temperature profile more irregu-
lar and the high discharge flow of 5.34 m/s produced similar temperature profiles at three dif-
ferent sensing locations. Finally, the humidity of interior space was less sensitive to the
changes of the air cooling conditions than the case of temperature and the CO2 concentration
increase mainly depended on the number of individuals inside the space.

Key words: Indoor~Air-Quality(2J] &713), System air-conditioner(A| =¥ oo} ), Discharge
angle(E% 7}%), Discharge velocity(E% £ %), Computational fluid dynamics(Z
b #3293, CFD)
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Fig. 1 3D model of interior space.
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Fig. 2 Simulation model of interior
space and sensor locations.
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Table 1 Material properties

Properties Units Value(s)
Density kg/m* 1.23
Specific heat(C}) J/kg « K 10006.43
Molecular weight keg/kg * mol 28.97
L~J Energy K 78.60
parameter
L-J Characteristic
length angstrom 3.71
Viscosity Pa s 1.79 x 10-5

Table 2 Boundary conditions

Value(s)

Initial temperature 28T

Designed temperature 18T

Velocity magnitude 2.67 m/s

Convection floor 037 Wim* «+ K

heat transfer window 326 Wn? « K

coefficient door 318 Wimd » K
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Table 3 Temperature difference between wire
sensor and system air-conditioner
sensor

Time Location 1 Location 2 Location 3 A/C

(Sec) () (T) () (C)
0 28.00 28.00 28.00 26
96 27.81 28.11 27.64 26
214 27.98 28.04 26.82 26
309 27192 28.21 26.30 24
428 21.75 28.36 25.72 24
524 2157 27.59 25.65 23
619 27.48 2726 25.40 24
738 27.21 27.14 25.37 23
833 27.03 27.03 25.18 22
928 26.94 27.06 25.14 22
1000 26.85 26.86 25.00 21
29
28
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T
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IS —a— Location 1. 15°
5] —o—Location 2. 15°
Q. 25 [ A~ Location 3, 15°
<] —a— Location 1. 30°
o —~a—Location 2, 30°
B gl e
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—a— Location 3, 45°
23 L

1 4 1
0 200 400 600 800 1000 1200

Time(sec.)
Fig. 3 Temperature variations according to

the discharge angle at each location
(discharge velocity = 2.67 m/s).
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periments, CFD analysis and system
A/C(discharge velocity = 2.67 m/s, dis-
charge angle = 45°).
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gHA 100027 Awe W, ESEE7F 534 m/s?d
e Hed HFLRI EEE R 26Tm/s9 7
FEG F 5T A etk
Fig. 5= E&4 %7} 267 n/soln] EE7Z}o] 45°
A o SAHAAAA HES 2% bolE 9 Fx]3)
qe 58 4 dAdAe 2xdsl Az doln
WA eEWsts FREoR ved 74°lE‘r
o] APFIE W R
Foel A FHAA L] LEMBE 5334 a»}@
WAt AFS wolw itk Fig. 5elA A
A ZHg do|est CFD 8§43k 2pol= A 1
CAEC|LE B ATdA AH4e L=Axe] 3
FE05C)8 18T o 2AWdel Yo CFD
A4 = B4R ® BAxAL] A, FAEY
b 58 adohd Al =
Zol= etgsitty wodnh el 200% 004
TN 92 1, 29 FAAN &

©:

2 7F9 9oz FHAE 25 A5S VA
<& F Ae =ZUZE o] Ui Aoz dd
"o =3 APAI 10002 o)F Ajx€ oA
WR A 23 &= 45 T7F Bastdou 7
AXE FAANN SHAT HFE 3T/ HAsh
WRAA ] 23 2xze AUEzty Ad 2 =
olo] M E=Aol7l glonm oy A9 2k
£ I & gles Q‘ﬂﬂﬁt} Fig. 6& E&%
7 267Tm/sol EE o] 45° o] A%, 600x &
AUFE] SEBE X g CFD A ATE Hof
F3 ot oleld LEEX A AAE B A
WEzt 99 A 2xgE &8 4 Ut

zo2 - AAE - AES

512 %=

FEAHNA = *E‘IH%ZM z7] 2271 28°C
olal, 1000% ¥ o2k 267T= Wsg o
FANAM 7t F2E 37}><1 AR A Fro| Wt
< A3tk Fig. 72 A 2" oojad 71 Al
Azl & A% ASS Ul 1gzZz &
Zot shAskeE Bt FE9 Wate vHEs &
F Stk ol oojA FUr|A Yy T FE
o] §&H o] AFo] o]FojA7] wEolzta HAG
Aot aeu, ZF AN Y A wE ddses
ztol7} EAEg e, A5 F2rt staF Rt

Humidity(%)

Fig.

CO,(ppm)

F —m— Location 1
+ —e— Location 2
L —a&— Location 3

|

7

750
700
650
600
550
500

450

0 200 400 600 800 1000 1200
Time(sec.)

Relative humidity variations during

the A/C operation.

— = Location |
H —e— Location 2
—4— Location 3

A
| A FYY Y 7y
A
1 L 1 1 1 1 1

0 100 200 300 400 500 600 700

Time(sec.)

Fig. 8 Variations of CO2 concentration in

the case of 5 people.
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Fig. 9 Variations of CO2 concentration in

the case of 10 people.
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Fig. 10 Variations of CO2 concentration in

the case of 20 people.
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Table 4 COz generation and ventilation dis~
charge rates at each location accor—
ding to the number of people of the
interior space

COz COz CO2 Dis | Discharge
No.| Loc. |initial |generated | after 600s |charge rate
[ppm]| [ppml [ppm] | [ppm] | [ppm/sec]
1 | 549 256 662 152 0.254
51 2 | 559 256 726 99 0.165
3 | 437 256 454 249 0.416
1 | 529 531 747 313 0.523
10 2 | 574 531 788 316 0.528
3 | 466 531 492 505 0.843
1 | 545 1062 919 688 1.147
201 2 | 563 1062 1038 587 0.980
3 | 454 1062 566 950 1.585
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