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ABSTRACT: The objective of this study is to find major variables which influence the
performance of kitchen and bathroom exhaust systems in high-rise apartment buildings. For
this purpose, the influencing factors on the exhaust airflow rates from the kitchen or bath-

room are identified and in every cases, which are made of combinations between the influen-
cing factors, the exhaust airflow rates are calculated through the simulations. The results of
the simulation show that the exhaust airflow rates from the kitchen and bathroom mainly de-
pends on outdoor air temperature, number of floors, airtightness of the building envelope, fan
on ratio, vertically connected to same shaft, exhaust fan capacity for kitchen or bathroom,
roof ventilator capacity and shaft area for kitchen or bathroom exhaust.

Key words: Kitchen and bathroom exhaust(F %

2 &4 d]7]), Network model(MIEQZ =

d), High-rise apartment building(31% ©}3}E)

Azl W@ AWg7)e Ao edde F

Ae Z LAY Aol
Aaztx, 437 2 A7l SH Be Fyopy
8

AoM 2ASE QAERE AAF2=AN A

S

g3ol i AWgrIEe] o4sE BAF
B 2F9E 2490 de FHold S4dA
718 W71A 71 el des,
8 uete] B¢ F=A8 AEAAM 103 %
I3 olHEY HEE It FFY T F 30%E

+ Corresponding author
Tel.: +82-2-880-7066; fax: +82-2-885-8057

E-mail address: snukkw@snu.ac.kr

AA @ 2R opFEAAN o] Aok
2o EHoz due JUEE YF AP 3
Aolth 28y Agol nEsd A £
BANAE AgHe ASEHZ A ARFo)
A st 488 & dew® Fae WA o
& 7] AZE WA Hgo] AN 997t 1
71888 AsdE wrg A% KIIVNY RS
A we wr)Fo] gadn W YEE A
o mebd olmtEel Fud S4olM wAHE
2YEAE FRAYA ZFAMIIE T EHHo
2 AAG7) 9% W) N2de dAdE A
2o wol, 9459 JYE, WA £F 57 2
of W7o FFg WAL AREL BT ot
33zt AAZE v ] X 9% BEE o}
= o] Ao,



1% olFEY F g &4 w7} A" AEFejA 997

ool B 7]Ee] AFZAH, Kim?e 9 wy]  HAgoz Fum 44 wriPe] £ 4%
A, £y ATE, 2 wzl@e £3% £A 2 0AE AREL Fohina @k o ois)
ANEE D oA F27)9 Zv)e) WE FuwslE %8 FgAztY FEWst) e 24 £49
o] WsE 4237 CFDE 53 2ASUL, Kang =¥ w73 WEsS 2Agozs Ay 24
and Han®= Z3tm 7154 w2379 $30 B 2 5ol sUEsl 29 % &4 w)y) o) ux)
= Fu3 74e] CO 2 CO, 5EE 427 CFD &= 98¢ Fotatnsd 39
g B9 2REEY MdeEA ANk 1
T Lee= 9RZT& Aus) xR ATE /1Y 2, w7 A|AE M9} ¥skelx}

A% A u7E 2 S wride) Akl g

2 B%e RS ogdE Fol 84 21 Fuwm 8A 87| AlAY

A B4sE odEhe AA FFL TAE

AAEe W3ty wE COY COel FEFEE olmtE 9] Futy &4 ujy] A"l 13 o
W A& we AT Uk 2dY F9 & wme fde Fig 19 2o #9 urle A%
Aol Wil JFL nHE RE AxSd W ddA Fo2 FH 498 W SYNE o
M0z BAG ATE o}F = Aotk E 41wy AZES AH L4 uZgd

2 A7dME, B mas, ni9smEe b g 2w g ogEcA 9ud wHa
£ olgtEd g FF Wy A2" AAXNAE  HAHy] GEd ARgME= Fuuirlst HFE
Aaraly) 1% BAel dBoEA, Fum &4 oA AW 92z wr gy s g &4 v
Wrle] gBe nXE A4S sefstn 7 ° g4 Yo 1Y TL wrRe B9 499
AASe] AFPL AFE ABUANAEL Fad  wuyst TYNE HE, £3 vy AZES A

Roof Roof
(v 3 e ]

< En:irc?:?e x Aangehood Bhthroom |
tan f Balcony
fan
]
N/ ;

Outside i \ E Kitchen Living E Bath- |Lining Outside

Living

air reom room |room ¢r .
intake room bedrogm  Nteke
Fire Flexible
damper duct
Gas{oven)
rapge
Z
Shatt for Shaft for
kitchen bathroom
exhaust exhaust

Fig. 1 Typical kitchen & bathroom exhaust system.

Table 1 Required exhaust airflow rates and allowable maximum air speed in shaft

Space Organization Exhaust airflow rates (m*h) |Max. air speed in shaft (m/s)
KNHC® 200 5.0
Kitchen D Company Amount of hood exhaust 5.0
ASHRAE 180 -
KNHC® 100 3.0
Bathroom D Company 6ach 2.5
ASHRAE 90 -

* Korea National Housing Corporation.
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Table 2 Influencing factors on kitchen and bathroom exhaust

Makeup air intake

Driving force for exhaust

Exhaust path

Airtightness of the building
envelope, Opening for outdoor air
intake, Airtightness of the dwelling
unit entrance door, Airtightness of
the building entrance door, Fan on
condition in a dwelling unit,
Make-up air flow rates

Outdoor air temp., Wind
speed, Wind direction,
Number of floors, Indoor air
temp., Exhaust fan capacity
for kitchen or bathroom, Roof
ventilator capacity

Access types to dwelling unit and
types of exhaust path, Fan on
ratio, verically connected to same
shaft, Shaft area for kitchen or
bathroom exhaust, Roughness of
the shaft surface, Condition of the
bottom of the shaft
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Table 3 Airflow path properties
Airflow path Area (m®) | Airflow rates per unit area at 10 Pa (m*/h/m®) |Leakage area (cm®)
Balconyl sash 18.6 15.2 167.7
Balcony2 sash 6.2 15.2 55.9
Balcony3 sash 31 15.2 279
Bedroom(B.R.)1 window 59 8.2 28.7
B.R.2 window 7.6 92 415
B.R.3 window 2.7 82 13.1
Living room window 83 9.2 453
Kitchen window 0.6 9.2 33
Bedroom door 19 362 m*/h@4 Pa, 638 m*/h@10 Pa 37.8
Bathroom door 15 23.2 m*/h@4 Pa, 39.2m*/h@10P 232
Entrance door 2.1 Same as bedroom door 378
Balcony3 door 17 Same as bedroom door 378
Stairwell window 3.0 152 27.0
Building entrance door 3.8 - 24m’
Table 4 Simulation case
Factor Level Unit |Base level
Climatic Outdc?or air temp. —12.2, 12.1, 344 C 12.1
condition Wind speed 0, 25, 10.8 m/s 2.5
Wind direction W, NE, S \i4
Number of floors 5, 15, 30, 60 - 30
. balcony with sash(BWS), balcony without
Algllll.}llgi}rlltge;?vZIfo;};e sash(BNS), curtain Wallgwigh eyffective - BWS
leakage area 0.59 cm”/m” (CW1)
Architecturall| Opening for outdoor air 0, 78.5 (9100 opening on exterior wall cm? 0
condition intake adjacent to kitchen)
Airtightness of the 2
dwelling gunit entrance door 249, 38, 24 om 38
Air.‘tightness of the 2.4m? for open, 65 em? for closed door - 2.4m?
building entrance door
Fan on condition in a only kitchen fan on (K), fans in kitchen
Avergge dwelling unit and bathroom 1 are on (KB1), all 3 fans - KB1
operating are on (KB12)
condition Fan on ratio, vertically 100, 70, 40 % 40
connected to same shaft
none (No), large capacity of kitchen fan
Eth.:lust fan capacity for and small capacity' of bathrooml _ KSB
kitchen or bathroom fan (KSB), large capacity of kitchen and
bathrooml fans (KLB)
. Roof ventilator capacity none (NO)};;)E va:tI;;:fot rozf(’gzg, powered - No
Nézfllé?ggfl Make-up air flow rates 0, 180 m*/h to kitchen m*h 0
Shaft area for kitchen or (0.07, 0.06)(1/2A), m’ A
bathroom exhaust (0.14, 0.12)(A), (0.28, 0.24)(2A)
Roughness of the shaft 5 for brick, 0.15 for steel mm 5
surface
Cond1t1ontk:)ef gﬁzflt)ottom of open to atmosphere (O), closed (C) - C
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Table 5 Floors where exhaust fans are on

Floors where kitchen and
floors bathroom 1 exhaust fans are on
(fan on ratio) (shaded)

5 floors (60%) 11213145
1]2(3]4]5]6]7]8]9]10
15 floors (46%) 11hzl314l15
11213[4]5|6[7[8]9]10
30 floors (40%)(11112{13]14}15116|17{18119|20
21122123124125126(27128(29{30
11213415167 (819]10
11{12113{14]15|16]17[18(19]20
21122123124125]26(27]28129[30
31132]33134135(36137|38]39|40
41142143144 145146 (4748|4950
51(52{53|54{55{56|57|58|59{60

Number of

60 floors (33%)

Table 6 Exhaust airflow rates and shaft area

Kitchen Bathroom

Number | Airflow | Shaft |Airflow | Shaft
of floors rages size rates size

(mn) | (mm) | (m%h) | (mm)

5 floors| 600 |[200x180| 300 200x150
15 floors| 1400 [300x280| 700 |280X%250
30 floors| 2400 |400x360( 1200 |400x300
60 floors| 4000 |400%600| 2000 |400x500

Table 7 Fan performance
Kitchen fan Bathroom fan
Airflow Pressure Airflow Pressure
rages rise rates rise
(m’/h) (Pa) (m’/h) (Pa)

0 140 0 50
180 105 13 33
360 60 26 17
550 0 40 0

Table 8 Local loss coefficient (L.L.C.)

Description L.L.C. for|L.L.C. for
kitchen |bathroom
Ceiling intake 0.26 0.22
90° elbow 0.5 057
Screen (free area ratio=0.4) 3.0 3.0
Conical diffuser, with wall 0.32 0.32
Fire damper 0.19 0.19
Tee-converging (shaft) Cb| 0.86 0.49
Tee-converging (shaft) Cs | —0.04X6|—0.04X6
Exhaust hood (roof) 06 06
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Table 9 Prediction models of airflow

Models |Control volume Application
Field Many mesh | Ajrflow analysis of a
model points large space in a
Zone | One or many | single zone such as
model numbers atrium or hall
Airflow analysis of a
Network high-rise building
model One per zone having multi-zones
and vertical shafts
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Factor Level Kitchen |Bathroom I | Bathroom 2 |Sum of {Ratio
AVG| SD |AVG! SD |AVG]| SD | AVG | (%)
Base = 240611201324 | 35 1126|143 | 2856
—1227C 2722|172 | 469 | 11.8 | 378 | 226 | 3569 | 25
Outdoor air temp. 23.0C [2235(192 (262 | 05 | 147 | 11 | 2644 | —7
Climatic 344C [202.1| 259 | 148 | 28 [—29.0 47 | 1879 |—34
condition Wind speed Om/s {2399]119|322| 35 |11.7]148] 2838 | —1
108m/s[2531(132 {372 29 | 261 | 63 | 3164 | 11
Wind direction NE [240.1]121 325 34 {128 1143|2864 | 0
S 241.01 120 | 326 | 35 [ 134 {138 | 2870 1
5 206 | 68 | 279 | 09 |—49| 68 | 2280 |—20
Number of floors 15 22641 98 299 20 | 54 117 2617 | —8
60 2302|1109 [ 348 60 {181 ]180 ] 2831 | —1
Architectural Airtightness of the building | BNS |243.1]11.8 1338 | 38 | 1569|137 | 2928 | 3
condition envelope CWI1 (22011126207} 20 |—216{ 54 | 2192 | —23
Opening for outside air intake| 785cm?1243.2} 11.9 [ 339 | 38 | 1565 | 138 | 2926 2
Airtightness of the dwelling | 249cm® {251.1]1 163 1 37.3 | 22 | 236 | 69 | 3120 | 9
unit entrance door 24cm” |2358] 1051300 | 41 | 7.7 | 164 | 2735 | —4
Airtightness of the B.E. door| 65cm® [236.9] 124 | 308 | 31 | 94 | 144 | 2771 | -3
Fan on condition in a K 2418|128 1110|152 ] 142 ] 130 ] 2670 | =7
;I\)‘eff;gieg dwelling unit KB12 [230.7[114 (319 37 |324] 38 [ 3040 | 6
condition Fan on ratio, vertically 100% [140.1) 334 (333} 35 {196 123 ] 1930 | —32
connected to same shaft 70% 1180.8]260 334 | 36 |169 (134 | 231.1 | -19
Exhaust fan capacity for No 381 1156{241 | 81 [229| 91 8.1 | =70
kitchen or bathroom KLB [2389]118161.9] 21 |104 149 3112 9
Roof ventilator capacity RV [2315[105|345] 32 | 219 80 | 2879 1
Mechanical . PR\g 268.0| 145 {560 | 15 | 542 | 18 | 3783 | 32
condition Make-up air flow rates 180m°/h|2481] 120 | 365 | 38 [ 212|113 ]| 3058 | 7
Shaft area for kitchen or 1/2A 15381454 [ 2991] 22 | 55 1126 ] 189.2 | —33
bathroom exhaust 2A  [2771] 6.2 {338 40 | 150|145 ] 3259 | 14
Roughness of shaft 0.15mm [363.0] 45 | 330} 37 1135|144 | 3095 8
Condition of bottom of shaft O 26401 6.2 [ 268 0.7 |—72] 68 | 2836 | —1
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Fig. 7 Exhaust airflow rates according to air-
tightness of the building envelope.
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Fig. 9 Exhaust airflow rates according to ex-
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room.
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Fig. 10 Exhaust airflow rates according to roof
ventilator capacity.
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Fig. 11 Exhaust airflow rates according to shaft
area.
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