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Prediction of Natural Ventilation Rate for Mid- to High-Rise Office Buildings
(Part 3) Effect of Cp Value Input Data for Various Natural Ventilation Systems
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In this study, the flow rate of the natural ventilation building is estimated by network model using two types of Cp

values, database values and experimental values of wind tunnel test with its scaled model. In the previous study, the Cp

value database was arranged, and the flow rate calculated by two types of Cp value was compared for shaft-type natural

ventilation system. This paper analyzes three different natural ventilation systems, i.e., cross-vent type, shaft-type, and

combined type. Finally, the effects of the Cp values on accuracy of the estimated flow rate are sutudied for each system.
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(a) Schematic of Cross-section (b) Typical Floor Plan (c) Intended Ventilation Route

Fig.1 Schematic of the Target Office Building
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Fig.2 Cross-section of the Wind Tunnel (Dimensions in [mm])
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Fig.3 Measurement Model Arrangement for Actual City Block

Fig.5 Measurement Model Arrangement for Cp Database
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(1) Elavation (South Side) (2) Elavation (North Side)
Fig.4 Studied Model for Actual City Block Condition

(1) Perspective View

(2) Elavation (A Side) (3) Elavation (C Side)
Fig.6 Studied Model for Simplified City Block Condition



Model 2 TiI4& 1 14 AT 2O T 72, HAE EIC
VRN T RAEE LTS R A LL\%@%E4
R & TEEC b JREAE 2 BS LTI L T D
Fig.7 |27 —# ~— AT 76MM&2®HF%@“
fizmd, 7ok, KOMEETEFE O 120 mm THEKIT
fELT/RLTW5, Fig.3 &K Fig5 (28T A9 i
Mo, KB TIZT —Z _X— 2D A 0° O EJERED
%ﬁ[%%@ﬂﬁ$W’jm¢é%@&bfﬁaf
W I ESHE A & S L TR B A it 5,

4. BREKAGTE
41 WNREEYOBITETIL

®§m@xv27A%ﬁfétb F T OF AL oD #a

FIEHEZER L, ZHICESETHBERLE Yy 7 b
OB 1 23 72 WK ol B B D A H 4R
R Oz v 7 MU AZTE L TR IaEE %2
TERC U7z, VERR L7 # 5B E 7 /L & Fig8 1T~ 7 &
E BT, FATICAS LT SIEPIOfE % Table 1 (201
o WEBIZ OV TIT AR N DKL %
AT, %7 MLEGEFRHBNZE L TIEE & I35
E-Uy 7 MYy 7 FVNOBRKIESIIZ 5 272, #
BE- vy 7 MNHOBIUIXMEEH e 7 L EEH 7 =
TOZENETNOWRRIIZESE, RAEHT T U0
AHE Y NEORHHOEBEOMEEN S 527, v %

WEAL, Ty M TORAAL) O 3FEOBEK 7 FNOBKESIC OV TIE, BEERIKEH Y v
- . 4 N 5 e N
@mVXTA%ﬁ%,N@W@%ﬁ# "EERL, 7 MIXEMEY AZ3BL L, mEHAY Y 7 N3
JREAR R FEXER L T — I _X—202@Y 0 HBEREZEEL TREREZ 527, b, Zhbo
N S > J= B g i - N = 0 3) 2L 2 o A . gz
BETh 2 THMRBRREMREEZLKT 2 2L TR BEIRFIO ATMEIZRER Y CTHHE & i L 7= £EY
BT 2, @R E LEFEEMTEOEHAE TOMEICHESWIZEE LTS,
0o | I T
1 0 &0 o 1 0 Am * L] 1 0 - LR 2 1 0 me > 1 0 @A ®
o ’ ] o ' o o ’ o ’ ] o ’ m
508 z 5 0.8 c - 08 e 08 o 0.8 -
% o o o [o] o [o] m
2 0.6 o ? 0.6 o] 0.6 s 0.6 o 0.6 o
% o Q a o o a
o o D o o
S 04 oo 04 . W04 o H 04 — o 1 04 e 1
S o lo ‘ U / U o / H o o -~ | 0o - ||
o |o o o m
E o2 % E‘%{ 0.2 o E’%{ 02 % EE.— 02 o E}{ 02 e [E’i
o o H o (e} H o H [o] H o H
0.0 2l o= 0.0 =0 = 0.0 oL 9 : 0.0 °° : 0.0 ° :
-1.2-08-040 0408 1.2 -1.2-08-040 0408 1.2 -1.2-08-040 0408 1.2 -1.2-0.8-04 0 0408 1.2 -1.2-08-040 0408 1.2
Wind Pressure Coefficient [-] Wind Pressure Coefficient [-] Wind Pressure Coefficient [-] Wind Pressure Coefficient [-] Wind Pressure Coefficient [-]
Fig.7 Cp Value Distribution for Model 2 extracted from the Versatile Database
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Fig.8 Airflow Network Model for each Type of Natural Ventilation System
Table 1 Effective Opening Area given in Airflow Network Model Calculation
Natural Ventilation Type Cross-Vent Type Combined Type | Shaft Type
o . for each opening A imar. =0.0783 [m?] ( Nominal discharge coefficient otAinake /A ,,,,,=0.403 , 20 openings for one floor )
Natural Ventilation Opening
North Side -+ 8 openings , South Side --- 12 openings | South Side - 20 openings
Flow Path between Office Room and Staircase N/A @A pan-ioner =0.442 [m*] ( for lower floors )
Flow Path between Office Room and Shaft N/A A pain-uper = 0.448 [m*]  ( for upper floors )
Staircase (one story) N/A (am,, =0.17 [-] ) aAwar =2.30 [m*]  (for lower floors )
L
Shaft (one story) N/A (Cwﬂ = A5 =00866 [-] ) A =746 [m*]  ( for upper floors )

Extract Opening at Shaft Top

(Backflow Prevention Window) N/A

(a=043[-])

A 0y =523 (7] @A =206 [°] @Ay, =034 (7] ad,,,,s=0.34 [m’]
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Fig.10 Estimated Natural Ventilation Rate (SSW, External Wind Speed : 4.1 m/s)

(2) Combined Type (3) Shaft Type
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Fig.11 Estimated Natural Ventilation Rate (External Wind Speed : 4.1 m/s)



