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air environment in an office building is analyzed by means of numerical simulation. 
stable spatial distribution of velocity vectors. temperature values and concentration of 
aminants are presented. Furthermore Air Change Effectiveness at some particular 

·ons are calculated referring the decrease or concentration as well as the tracer decay 
edure. The results or numerical simulation are compared with the results of previous 

measurement concerning their utility. It is round that the numerical simulation is one 
the ef'fecti ve methods to diagnose the indoor air environment. taking account or the 
lts. the operation and the least disturbance or the office activity. 

Office building, Air environment. Numerical simulation. Air Change Effectiveness 
., .-. 

- -·~ - ;• ~ .. : .. 
years the rimewal . oi" build~pg 'equipments has taken piace in many office buildings 

J:OI' - r·n• ' lP.provement or -~f'tice envir"olllllent. al'!d office functions . In advance or designing a 
HVAC systelli. i .a diilandsis' ··or" indoor air environment is very important to clarity the 

- • '' ~ ,.~... - • AM '" - ·-

or 1 rene~~1 ,: !~'?ugh Zthe ne~essity .~fot' such a diagnosis or indoot' ait' envit'onment is 
1 y recognized". "" ther'e ··are oniv~i'ew~' f epot"ts which describes the real state .. or ott ice :t 

· ronment or a drop or the performance or ventilation system. The reason why the results 
diagnosli ' i s r~ported ' in' such 'seldom cases lies in the ' indist i nctness or the pet'f'ormance 
some diagnost ic. methods or concerns tor the building owner· s feeling against at"ousing 

au,;~;;upa!u: · s dissatisfaction. · ' ' · • ' 
lt is very important to clarity the performance or each diagnostic method or indoor air 

env ironment. R .1su,c .. hJ :laf ~~e<! n s:el~1 i ~me~~~e!'lent •. , ~he ~ensory ,.checking and th~ .nume['ical 
Simulation. and it is also impot'tant to ~clarify" the real state · or indoor air ·environment in 
~any buildings. ln hisJaper th $~.11l.ts or diagnosis ot indoor air environment in an 
ottic~ building are presented . . by me~s or n~e-;-ic;l ~l;~lation. And they ·are compared with 

,--·-------·-~- - ---t_he results or prev i o\!S : tield measut"em.ent, . _ ;! , . , 
cu ' . ~-v-p-;i~:·l· ! Q ~0 ;{"· r -- :;--T--' ~ i - .. ··; ., . ~ , ~·; . 
OFFICE BUILDING ANALYZED ~--, - · , ~ '":\~· - -·--· .. ---: -;-;-:.- .- ·;-·--·- - --- . , 
A quarter or the standard; tloor#·in -an orr ice building' ·i s -analyzed . . Its · .t'loot' plan and the 
inside view are ~shown in Figure .l - and : 2 . . The anlllyzed area _conditioned , by a single VAV 
system consists or tour blocks. ·which include o1'fice at' ea. OA room. corridor and lavatory. 
the tresh air is supplied through th~ ' anemo type di rrusers set or: the ceilings or otrice 
area and OA room: The room -air is exhausted mainly th.rough lined slit type inlets on the 
ceiling. Addit i onal ran ·coil units a..re placed neat' the windows. The type or these units is 
one or the usual types or the supply exhaust systems in the o1't1ce build i ngs . 
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Figure Floor Plan of the Figure 2 Inside View of the 
Office Building Analyzed 

'. • ....- : ~r- .: 

II."' .· 

Figure 3 Measurement on the 
Indoor Air Environment 

Figure 4 Sensory Checking of 
the Indoor Air Environme 

Table 1 Results of Field Measurement and Sensory Checking 

office 0 A corridor 
temperature !C) 25. 5 25. 5 zs. 6 
relttive humidity !S) 7 0. 0 6 9. 0 6 5. 5 
air velocity (m/s) 0. 0 8 0. 14 0. 14 
P M V 0. 50 0. 6 0 0. 50 
carbon monoxide (ppm) z. 5 2. 7 3. 4 
carbon dioxide (ppm) 330 320 480 
particulates (mg/m 3

) 0. 02 - -
TVOC concentrat i on (ppm) I. 4 I. 4 I. 9 
acceptability 0. 3 9 0. 0 5 0. 19 
* TVOC Total Volatile Organic Compouds 
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numerical simulation. a field measurement and a sensory checking have been 
These are shown in Figure 3 and 4. At a par':icular point of blocks several 

r~:nm1~nt:"'l elements, such as air velocity. temperature and so on. are measured and 
The results of the field measurement and the sensory checking are tabulated in 

l. . As' shown . in Tatiie ' 1-·the . most 'or measured values are lfi thin the legal allowance 
ho~~v~~ the results -or 'sensory checking' for ' the air environment is not so good in the 

room ~_nd _ in the cor-ridor: and therefore reduCing TVOC :Total Volatile Organic Compound) 
tration is to be re-commended. - · · · 

nonisothermal flowfield is adopted using ·k- e two equation 
The Analyzed region is diviaed into about 70, 000 cells using rectangular mesh system 

in fJ.gure 5._ The smallest mesh size is 4 em near the supply or exhaust openings. The 
conditions tabulated in Table 2. are assumed t.o be those in the summer season. 

the .. calculation _of the _t'lowfield, some cases of contaminant diffusion are simulated 
the eddy kinematic viscosity. 

distribution of velocity vectors is sholfn in- Figure 6. ·The supply airflow is mixed 
tl y near the supply outlets and the air velocity is r~ther small in the whole room. The 

r flows t'rom the supply outlet to the nearest slit ex!'l.sust inlet through the occupied 
Near the windows recirculating tlows are formed tn\•ol ving supply jets from the fan 

1 units . Since there is no exhaust .inlet at the OA room. the supplied air in the OA room 
exhausted to or the corridor. 

rature shown in Figure 7. The results correspond rather well to the 
results at some points (• marked-in Figure 7). Though there are slight increase of 

t.rtemo1'r"i:ure in the area ·. nearby the walls in the OA room. the lavatory and the corridor. · 
t,he differ-ence !~' within 1 degree. the uniform te~~rature distribution is _form_ed in ' 

- .. - - .. ; 
.:.~._...; : ..... · ~'"' . - : 

--. -: :;,:.::.:; ....,- . = •... <t . 
distril:>utions of .the contami nant ~oncentration when some _pas_sive .. scalar _ con~llllli!lon~ .:.ts . 
ra:t'ed' "~t :·tiie ' 'typical:~:source 'points ·'are ' shown in Figure &:"-The .. contaminant·-concentrat1on ~ 

·-- - '"' '" ...;...._ . •• • - 1 -- · · · • • .... ·--- --~,.. • - •• --· 

~-xhaust .J nlets_ -~r_e as~ym~d 1. ·a,.. ' , "'=' i _ .. , .. · ~:;- :::.i:-;:: 111 • •.• : : -·,.:: ~-
In the case when . some contaminant like tobacco ·smoke rs oenerated at the center ,of. 

area : ·~ the :contlllllina.rit r is exhausted _ through · ~the '1'1~~~ - sf t openings. :: The hig~ly ; • 

. _ .... , .. ~:~e_a is ~~!-~i t,ed<~~~~- the ~ou:c:e point .. ~;~.nd_ t~e·~ ~~~~!:l~.:_".~.sp~ea~--~~~ -~~-~~~ ) 
l\al~ o! _t~e .otr i_ce_ ,~~~--~~ .• -,:· :~ -."i -- ! • . ;;. ,_~ : ~ :: '" , ~·.:"- • ~::· . -, .. _w -~-- :f 
In the case when some contaminant like a smel t' ' tiom the ' lavatory i s generated in ··the · 
1dor • . the air in the corridor ·and 'in'th~ lavatory are highly contaminated. Furthe-rmore-. -

• ' • J • .... o# • • • • ,. j - • I ~ .. I • 1' \ ~ . l • . 'I; ' - ~ • ' J • • ~ • 
contami nant spreads out' up ' to a ' halt' of the ot'fice ar~4. Th!s 'situation is not so good. ' 

Decay stage or the concentration 
!rter :;, ~~~ ," ~oom i~ f~lll~d ~i th : the contaminated air unH'orml y. the decay stage of 

Cf~cen.t~a~_ion . ,caus~~ .. ~~~ ~'-'.Pf.~Y ~?O' _ !~0 -~ ·-t-resh a ir is •nalyzed. The distribution of the . 
)Ont~.lna_n,~ . 6.• · ~2. ? .4 min~~~ ~( resp~~t:,~ye , air exchan~e~ · r'\teqr,.;.o,.;5. - ~·~ o.- 2.~} a_~_ter:: t.~e · 
~1me when isupp~ying ; ~t'_:! O.Q)' J ,resh alr_'~tarted is shown 1n Flo~r,e_ _ 9; .. Th~ . dec _r~~se,_.lines of ~ 
concentration .at ... particulac_points ' are:_also shown in Figure , '10 . . ~ 'Ihe.~contaminants 1~ ~h~ OA 
room (point B) are rightly exhau-sted and most of tlie-cont..\mlnants- n · nii'o'ftfce-·area "_rp_o_tn_~ . 
A l are exhausted· withi n 24 minutes. However. the contl\11\inants in the recirculating t'low 
region near the wi ndows (point D) or . the contaminants 1n the corridor (point Cl stay for a 
long period. 

. ] . 
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Table 2 Conditions of Numerical Simulation 

.. 
·' :.: ~ (al Conditions of Supply and Hlbaut Opeaiars 

oumbe rs fltel velocity{uuured uluel temperature 
.. ceiling diffuser 16 HOCMH Mu. l. ZSm/s Ilia. a. Oh/s 11. 19'C 

Supply faa coil uait . 6 160CMH Mu. 1. 081/1 Ilia. I. 83a/s 18. 7 J'C 
c e i I i a g d i I I user !OAJ z HOCIIH llu.%. 5311/1 Mia. I. 16m/a 19. ost 

l!lhaaa t ceilinr slit 3 JSZOCMH -
g r i II e (WC) I 44 OCIIH -

.. . 

• "' r •' :~ 

(b) Coaditioas of Walls aod ladoor Eo,iroo•ent 
• • beat flu (kcal/a'bl eastern ·aortheo Jail : Pressure 1ero is assumed 

southern nil : I 0 9. 90 {fro• radiation) scalar quantities : free slip 
ustern ull : 7 6. IS !fro• radiation) 11:111 . Po1er In ol prol il e Ut cx: z• i s assuaed 
f I oo r : 6. 86 Uro1 buun bod i es) beat load I roll OA ucb 1nes : 3600 kca l/a' b 
c e i I i ng : 7. so (froa ligbtiog s rs t em) indoor temperature : Z6. O'C 
ustern·nortben 11 II : adiantic ull air exchuge rate : 5 t ius 

(b) vertical plane (Y-l section, 6ZX\7 cells) (b)vqtica\ plane(Y-Z 

Figure 5 Mesh Dividing System Figure 6 Distribution of 

-561-

:: Air ChanQ· 
..._ Air Chang 
' the decree 

.. Values or 
are over 

. 
I .QlSCUSSION 

As shown i 
--1-~~liilJ'- diagnosis c 

because or 
Presents ac 
analysis is 
necessity t 
diagnosis rn. 
and the nurne 

As she 
r. the e 



Change Effectiveness of each point. calculated by adopting the equation (1) and (2) to 
decrease .. of .the local concentration value, ls tabulated in Table 3. In this case the 

of air change effectiveness in the OA room (ACE=2.86) and the exhaust air (ACE=l.OS) 
over l. 0. The former value means that this area is well ventilated . and the latter 

ue means that there is a posibility of a short circuiting of supply air . . The 'other values 
· 1.0 and suggest the necessitY of improving the ventilation system . 

. t 

Figure 3 and 4. adopting the field measurement or the sensory checking· to 
of the indoor air environment in the actual office building is rather difficult 

concern for the disturbance of office activities allthough they 
accurate results. On the other hand. the numerical method based on the flow 

analysis is free from such a concern and presents detailed results easily, but there is some 
necessity to assure the accuracy ot the results. Thus, it is concluded that a combined 
diagnosis method, which is composed of the field measurement only for the selected points 
and the numerical method for entire region. is very effective one. 

As shown in the numerical results of the indoor air environment presented in this 
. the effect of the ventilation system adopted is evaluated. Most of the office area is 
ventilated, however less supply air is delivered to the corridor area or to the office 
by the windows because or the lacking of supply openings, or low air velocities or less 

irculating flows. In these regions setting up some additional supply or exhaust openings 
recommended to improve the airflows which increase the local air exchange rate. 

Comparing Figure 9. 10 and Table 3, the relational tendency ot the spatial 
istr:ibution of contaminants and the decay of concentration. the spatial distribution or 

taminants and the values of Air Exchange Effectiveness are well understood. On the other 
the individual merit of each index is also recognized. Observing the decay stage of 

tial distribution of contaminants enables us to evaluate the effect ot the supply and 
system easily. Estimating the values of Air Exchange Effectiveness enables us to 

real state of contaminant diffusion field at a glance. 

Indoor air environment in an office building ' is. diagnosed by means of numerical method based 
on flow analysis: 'The' 'nonisothermal tlowfield. the · corit'aminant ··diffusion' field are 
clarified. The values of Air Change Effectiveness at some typical points are also estimated. 
Comparing the numerical results each other or with the results of field measurements. the 
following conclusions may be drawn.· · ' · · .. ~ ... · · ·· ' ... ·.; 
(ll The numerical and experimental . combined method enables us :detailed analysis on indoor 
air environment in actual office building with least labor and least disturbance.·· ~ .1 

(2) The spatial distribution · ot contaminant or'· velocity vectors gives us the effective ; 
suggestion ' tor the improvement or the ventilation system. On the other hand. the values or -
'Air Exchange Ett'ectiven~ss present us the a~ailable estimat~_on .ot' the performance ~t ~be 
adopted ventilation system. . l' -~ - ··./:: • • 

~ j ' • - .. &4( 1 l ,. i ~ ~ { ~ / ••' • 
I - 4 •• .; :,....,....... ~ ·~ *"~ ' 
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(a) souce:tb& ceatu of office 1111 (b) IOUCI: corrIdor 

- -·· . --~.:.:. -. ~ .. , ..... - . ,.. . . . -

Figure:·7 ·: r'empe.rafure-bi'stribufian ·-~ 
- .: : - : 

Figure 8 Contaminant Diffusion Fiel d 
in case of Point Source G.-: · ': . :: :~ ~ ... :' ·.:.- -- '. ~ .. : . . :-- ": • - :· - .. 

lal after &linus (air uchure nte:O. 5) (b) after llalntes (air uchuze rate: I. 0) 

.. 
0 

- Hgure 9 Contaminant Diffusion Field in case of Decay Stage 

(air uchaue rate) [Are or Air at each location (Ai) ] 
r-_ ____,1 __ _:2T-_ _.:3:;-_--;.4 __ .;;5_, A i = C •••. , ( t .... - t .... ,) /C i ( t .... ,) 

.~.It : 
1-:---t---1---~--+---1--1 I = 11 idutilication n1b11 lor a apecilic locatioo, 

Ai = the are ol air at locatioo I, 
C •••. , =the tile nerace couninot coocetratioo at locat lot 

~o.s~~~~--~--~~~=+---~ 
lor the ti1e period stutior at t "'" ud eadio& at t 

Ci (t ..... ) =the cootniout coocetratioo at locatio• I · 
lDd tilt t •urt 

[Air Cbnre !lfectiHoua (Er) ] 
Er = t ••• /A.,. 

u 
u . 
0 
u 

Figur~ 10 

there : ·. • 
t ••• =the lodoor air rola•e di•ided by tbe oatalh air IIIP 

60 (min) A.,.= the uerace ol air acu at brntbioa Inti locatlu ' 

Decay Process of 
Contaminant Concentration 

Table 3 Ag~ of Air and Air Change Effectiveness at Each 

®office @ 0 A gcorridor @of rice @exhaust rhole regioo 

Ai 0. 26 0. 0 7 0. 60 0. 3 3 0. 1 9 0. 3 1 
Ev 0. 7 7 2. 8 6 0. 3 3 0. 6 1 1. 0 5 0. 6 5 
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