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A Study on the ventilation Technology for Indoor Air Quality Improvement

Tae-Hyun Chang? - Hyun-Wook Cho*

Abstract : In this research, We'll focus on warm environment and ventilation
characteristics when utilizing intake ports, exhaust port and 4-way cassettes for
removing heat and polluted air. Four way cassettes have been typical air conditioning
units for offices since the multi air-conditioner was introduced. The following
installation cases will also be discussed: 1) 4-way cassette’s operation without intake
ports and exhaust port, 2) Effect of the position of intake port and exhaust ports, 3)
cooling air flow, temperature. distribution and local supply index according to the air
flow rate from 4-way cassettes.

Key words : Multi air conditioner((8€] oloj7l), Sulfur hexafluoride(SF6 7}2&), Air
exchanger effectiveness(Z717 88 &)

JleMdd C(0) Initial concentration (ppm)
d Diameter [m)
A Area (m?] h Enthalpy (kJ/kg]
ACH  Air exchange rate per hour (h™) L Length (m]
a Heat quantity per person (kJ/h) m Mass flow rate (kg/h]
C Concentration (ppm] N Number ,
Ce Concentration of tracer gas at P Pressure (N/m’]
Q Volumetric airflow rate (m®/h)
exhaust [ppm) T T ture [T)
CMH  Cubic meter per hour (m*/h) e@pera ure
G G trati ¢t ; t Thickness {m)
p o'ncen ration of tracer gas a a Axial Velocity  (m/s)
point P (ppm) Y4 Volume of room (m?)
Cy(©) Concentration of tracer gas at Redial Velocity (m/s)
normal state (ppm] X Quality [ %]
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Greek Lefters

a Local supply index

€ Ventilation effectiveness [ %)
€p Local mean age of air (%)

Ty Nominal ventilation time

Constant (sec]
T, Mean age of air [sec)
() Local mean age of air (sec]

oD Age frequency distribution

() Cumulative age distribution
Subscript
A ASHRAE standard
a Air
e Exhaust
I Infiltration
i Indoor
n Nominal
O Qutdoor
P Person occupancy
p Point
R Indoor
SA Supply air
s Supply

.M B

AUl g giREES e BT ¢

°cBE A AFAH FAo Auwigi sidh

o o

ZA7143t 7150l gl AdF B3 slM= oo
(air conditioner), &71%3}7](air conditioning
unit) I3 IS Sl oA AHS F
ol AR, AUA HHIH BHY 2HoEE
22 ¥ 554 #HET P il

oy Mr N
I ™
ol
i)
O
o
il
N
i)
o
-
od o

(541)

g ZEE AL BEow A¥Y AN &g
Aol oldx #HY7t o] FAAT Uk Tt 7
Fol 7198 727} Bol Wk A §7) o] ¥
=
=

)
il

e
of
ok

L3 € AAZ 9o,
st ARt WslslEA
B

>,
o
2 ol
o
3
oX
tlo

B

2 of)

a
T
to
o}
o
i

X
g
okl
)

(3
nt
(Z

)

of

(o]

2

okl

kN

z

> o

Suigyics

o
o,

o}l

fr X ok lo

2
N
of!
L
lo,
m o o o
>,
=2
2
R

o,
2,
i)

ir
okl
T
o

of

S
k1
pinc
o ¥

cr R
0
T
2
b
i
rlr
P
ofj
EN
o
>

(multi air conditioner)e]

A7) 1ol 1die] A7)

¥ (o N I

[o i
&orr >
)
)
2

e o
=2
2
e
rlo

230

X o
o
Heor
oo
rid

N
.U

> rf

o
f o
N

AW HH o 7
1 27 BA6 2E FEE

=
& TR oI =

N
o}l E
(0
2,

el o of A 2
14 € FCUS AHU glolx= A7t
e olgste] 74 AFLE FE she
ES o o) deldg 4xs

B ARLANE Aol 1w
S Bz AAUY BAE HAY F

R

o

N 3o
~
g

a1
X,

of nE Atk

\_
-
[

=
£
Ol

oF
e = &2
o

of

)
=

Ao F4LEE} HFFE 5 o83y 3

84S FLadt. Offermann®e Z7|agaE
2 ST F UdE J1EHY WYHoEA
SFes(sulfur hexafluoride)7t2=& o] &3 F47}
2 AR st 25$PE F2AAY

o g AE FFE F7I7F A& AU A
Azl A AGHEANS AHRY) 959 ARTZ

W, dleEads 8 usaw 2R 5 A

rl

g,

o



82 2o
A Bl dsted Br128S HUUCE
MEedn, #EePe F/1asH H/EE
Ade Atstel FEES AT AR
443 3 EE POHEE dehlE A%l
o, 7 Ee Auleld AT LGEPo] T3
Hog AAHEANE ves AERT Sy
2 ATME Peolohe] =UE AYA
TN DY oA /18 2RO ©
e F2NT B WAATE ool A FYRE
9 2PFNE AANNE B39 dael 2@
A% $154 BAS ool A9 712 A
Ade A @ obees BEY ofojziel LAt
A e A FNT-BN2R Qe ASS F

T - @ §A,

9 BEF F ] wE WYUF, 2EEX 2 F4
F7\X ¢ 58 vwsly HHe 7] Q& 7t
EUPA R =

Py A 79 AA 9]
71¢l ZFAS e X]Ef:'—._ﬁ % | 288 & (air
exchange effectiveness) € ] d&] AFE-HoX]

3 glon #A AL ol oI,

(D

A7NA ,2HE&INA T (nominal

ventilation time)el® ¢, & H#FF/4H
(mean age of air)e.2A4 1 AdE 47 o=
23} 2t
rn——‘% (2)
[z,av
Iy = % (3)

ZEE

GE RN A7 FATANY A% F Q7 A
REHe ASLY 285E AR B73E
o gelth A(2) ¥ AB)ANA VE 4RI
o AFoltt AB)IA 1, = F4£37193 (ocal

mean age of air)e|® F717& &3] F+98
717t A8 7R ARE o] AW & PR
saate b dee A17e) 7idi @ (expectation)

ojty, FAFVEHL o] &slH AT 7 9
NN A olgfet ol AYH FAF7IAF (local
supply index) ¢ & 7+& 4 ATt
Tn
a= o7, (4)

| HAolA FaF7AS 0500 Aok
F7172 BH 9717 AAAe

we F A 7K
B8R Bel 950l 2gEY HFo]
R8T Eolg WYz 58T A2 A5l
= Srhe Foloh F4T/19Y

T, = fowtdj(t) dt= fow(l— o) dt  (5)

AN Y 2 0= A7 dAFU=Fs
(age frequency distribution) ¥ +4 4% &

A
Z(cumulative age distribution)e]tt,

259 [1— 0@ J& Megd 4% 47}
2ol e] FEH|E o] &3 ol gt o] BH
2 & sloh

| _ )

L= =1="F 1oy (6)

AN Clh) & FAHILERAF] FAHL
Qe AL, A tdd Ao A PalA FH7}
~9) Erolth T Cy(o0) & AAAH =2
g g F2E forh 2EE H(5) ¥ 4(6)
of &l A& FUIAHL okl A% ol yEpd
A

(542)



AW B AL 98

= fom(l—%)dz‘ (7

A7NA 7,8 FEETNAE, CL) = FANA
WA FAHL D= A A7 1 P99
A PAA FA7kze) FEolth E@ C(0) =

B3 =2 e s K

22 ¢4 =

B ATolN APTael B AR
£ Fig. 1o} Jepiglnh

4-way ceiling cassette type air conditioner

Supply air diffusor

yW L

Exhaust air diffusor

OP

(a) Schematic diagram of the model

chamber
a A:a - A:1
A-4 A-2
. B3 B
8-4 B-2
L 2
QP

(b) Locations of supply air diffusor and
exhaust air diffusor.

Fig. 1 Outline of the test office room
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Table 1 Case of the test condition

4way X

cassette diffusor
Case airflow | A-1| A-2| A-3] A-4| B-1| B-2| B-3| B4

MD | DW | volume
Case 1) ON | 40 |700 m*h| EA| SA| SA| EA| EA| SA| SA| EA
Case 2| OFF| - |700 m%h| EA| SA| SA| EA| EA| SA| SA| EA
Case 3] ON| 40 700 m*n| SA| EA| EA| SA| SA| EA| EA| SA
Casc 4| ON | 40 {700 m*h]| EA| SA| EA| SA| EA| SA| EA| SA
Casc 5| ON | 30 [700 m*%h| EA| SA| SA| EA| EA| SA| SA| EA
Case 6] ON | 20 700 m*h| EA| SA| SA| EA| EA| SA| SA| EA

* MD : Mode, DW: the Direction of the wind

* EA : Exhaust air, SA: Supply air
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Table 2 Boundary condition of modeling

air conditioner ventilation wall's
o door - | condi-
mode | door ”E"c] aiow | o | dis= | drfow | aiow | dis~ |
[tl volume | angle | charge | volume | angle |charge m;;mz]
oo | | o] O ||
. down
cooling | 330 % 23 [down 40| 12 1167 5 318 | 2557
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Fig. 2 Photograph of an environmental chamber.
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Method : Step-down method
Injection Volume : 20 liter
Measurement Intervals : 3 min
Total measurement time : 4 hour

Fig. 4 Schematic diagram of the experimental
apparatus for measurement using tracer gas.
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(b) The air flow distribution at a
breathing position elevation.

Fig. 7 The result of air flow distribution at a
center of 4way cassette section and breathing
position elevation for case 1.
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(a) The temperature distribution at

breathing position elevation.

(b) The temperature distribution at
X-Y vertical section.

Fig. 8 The result of temperature distribution at
a X-Y vertical section and breathing position
elevation for case 1.
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(b) The local intake air index
distribution at a X-Z vertical section

Fig. 9 The result of local intake air index
distribution at a Y-Z vertical section and
breathing position elevation for case 1.
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(b) The local supply index

Fig. 10 The result of air flow distribution and
Local intake air index distribution and at a
breathing position elevation for case 2.
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Tabel 3 A characteristic of Intake port and
exhoust port location

height 1.2m indoor height 1.2m air
average average local supply index | ventilation
temperature{ C] | temperature] C1 range effective
Case 1 24.43 24.83 0.381 - 0533 0.432
Case 3 24.38 24.84 0.377 - 0511 0413
Case 4 2429 2474 0.371 - 0.498 0.398
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Characteristic of discharge air
direction

height 1.2m
local supply index
range

ar
ventilation
effective

indoor
average
temperature[ C]

height 1.2m
average
temperature[ C]

Case 1

24.43 24.83 0.381 - 0.533 0.432

Case 5

2473 25.02 0436 - 0.540 0.465

Case 6

2443 24.83 0462 - 0.520 0.485
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