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ABSTRACT: This paper describes the effect of vertical air circulation on the thermal
environment in an airport passenger terminal with induced flow by jet fans. In comparing the
level of thermal comfort at the breathing line of 1.5 m in height, the results from the two
models with or without the vertical air circulation, show that the average PPD is 8% in the
former and 23% in the latter, respectively. It is thought that vertical air circulation lends to
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improved thermal comfort for human in respect of ventilation in a large space.
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Fig. 1 Schematic diagram of the airport lobby of the draft design. [unit;m]
(The devices in rectangular boxes are applicable to the vertical air circulation design.)
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Table 1 Size and flow rate of ventilation

system
Location Size[m'] Flow rate[CMH]
S; Ss,
. X
Su S, 4.0x%0.1 1,930
S3 ,S1w0 2.0%X0.1 970
Ss ,Se 45%0.1 2,240
Ss ,Ss 8.6X%0.1 4,280
S6 ,S7 7.0%0.1 3,470
Si13~Sie 40%0.1 700
0.14%X18
Si7~Sus 0.14x18 4,120
0.14%X1.8
0.25%X18
Sas~Saz 0.14%x18 5,200
0.14X1.8
Ei~Ep 1.2X05 5,850
Ein~Ess 1.8%X04 6,360
Ei7 Eis 1.09x2.7 2,020
Ex Ex 1.1X3.0 2,520
Eis Ex 1.0%X3.0 630

2 299 AEF F 127019 HE5<F(supply
slot ; Si1~Sp)& & A - &Y L w 15 v
go) 4709 HEEE(S~S)L § - AZES
ug 2% uwgdd), 89 ALHHEFUow
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Z2u)e] FY, 2dn ez 8N AEHET
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Table 2 Governing equations and model co-
efficients

CZ9W - AY - 2B

Table 3 Boundary conditions for present in-
vestigation

Continuity equation ;
_0d_ -
ar; (pu)=0
Momentum equation ;
F ) du; | du;
a—xj(pu,-u;) —af—+—[(ﬂ+ﬂf)( ’+ % )}
+ogi(T— T,)
Turbulent Kinetic energy eguation ;
_0 - 0 Hiy 0k _
ax‘(P uik) axi{(ﬂ+ ak> ax]}+ Gk+ Gb
Dissipation rate equation of Turbulent kinetic energy ;
_d Py _de
8x,v[('u+ as) 3x,~J

e &
+ Ciey (Gt Co G)— Creo—y

aixl_(p u;e) =

Energy equation ;

u
euD=g-{(&+ LI s,
where,
_ c.ob - ou; 8u, du;
= € y Gk ( ax +—= ) ax,
_ ﬂtgiﬂﬂ
Gb_ J; ax,'

C,=0.09, C.=1.4, C,,=1.92, C3,.=1.0
0,=1.0, 0.=0.9, 0,=1.0, 0,=1.0

vk obgd AEWY Fro Y 2o
YEE 29el uehd s go| e FTzE
gol gled Zr7lE F 7m, ol 21 m, 282
2 2gu7e o ¥y 2o

ar
hal

=
=
4.1 X|uj gy Al

A2, EFFEAA,
FEEANUALAEHA Y gz A EH
o] Table 2o} Yehlitt, dREd2E &
71 Hopo] AEHoz ol o&HIL Yr EF
k-e REE AHRIFLH Z ASAMY 71
ARe dutdd Mo o4& wWHTh E
g AU RAG AN Sre AHFTAAY
Agg Ed

Locations Conditions

S, ~Ss u=1.33m/s, T=18TC

Sw~Sz k=15 - @?, e=C, K*/(0.5Dy)
Sms u=0.3Tm/s, T=18T
T k=15 - w?, e=C, K1(0.5D,)
o s u=0.4Tm/s, T=18C
B0 =15 (- w?, e=C, B5/(0.5D,)
v=—1.5m/s(north-direction)
w=1.5m/s(east-direction)
S17~Sa =—1.5m/s(west-direction)
T=18C
k=15 - w)?, e=C, ¥°/(0.5D,)
3
Ei~Eo  u=2.69m/s, a_x =45 -, % =0
Eu~Es  v=—243m/s, 4t =2 =0, 2L =0
B B v=—0.19m/s, 25 =—£& =0, 4T —¢
Em En  o=—0.21m/s,2E ~2& o 4T
B, Bz v=—0.06m/s, 5% =—$& =0, 5L —g
East wall o= =0 g=28.4 Wn
West wall U= = W=D, 4T ”
South wall = v=w=0, ¢q=21.8 Wn®
North wall ¥

u=y=w=0, —é—;=

Roof u=v=w=0, ¢g=8.6 Wm?

1st floor u=v=w=0, ¢=18.3 Wm?
2nd floor == w=0, ¢=18.3 Wn'®
1st floor . 3
. g=11.9Wm
activity zone
2nd floor . 3
.. g=10.2Wm
activity zone
Roof ~ 2m . 3
below roof 4=6.9Wm
Ventilation =~ w=—1Tm/s
fan" k=15 - w?, e=C, ¥*/(0.5D)

" applicable only to the vertical air circulation
design
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Fig. 2 Distributions of velocity and tempera-
ture at the vertical x-y plane of
interest for the draft design(z=58.5m).
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(b) Temperature distribution[ °C]

Fig. 3 Distributions of velocity, temperature,
and PPD at the horizontal y-z plane of
interest for the draft design(x=7m).
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Fig. 4 Distributions of velocity and tempera-
ture at the vertical x-y plane of
interest for the vertical air circulation
design(z=58.5m).
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Fig. 5 Distributions of velocity, temperature,
and PPD at the horizontal y~z plane of
interest for the vertical air circulation
design(x=7m).
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