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AIRFLOW IN THE PASSENGER COMPARTMENT OF A BUS

SUMMARY

In orderto walua¡c thc corufon conditio¡s in tho passenges compañncnt of rn intcrcity
bus, a study of the airflow prqertics was ca¡¡ied out. Both cxperinrental and numcrical
simr¡la¡ions of üre flow insidc thc bt¡s werc conside¡ed.

A full size section of the bus 2 m long was uscd for thc expcr¡¡nents. Forced ai¡ at
ambiant talpcrturc was injcaed inthe companrnørc

The proportics of the mca¡¡ and tr¡röulent flow for the isothermal canc rlere me¡suæd
with a conical hot film probe, in the volume between lwo ¡þws of seats. Paniølar
atte¡rion was givan to the flow crca¡cd by thc jcs placcd over the passcogcr hcads.

Nume¡ical prcdictions bascd on a finite volume ç'pe discretization of thc diffcrentid
cquations for mass, motrrennún and energy cor¡senraSion wcrt performcd for a tvo"
di¡nc¡¡sionel con6gura¡ion. Thc thcorctic¡l snrdy, where turbulancc efiecrs wetr modellcd

through a k-€ tlpe aproach, includcd I systenratic anelysis of tlrc inf,uenci of tb
¡rlevant psramctcns on thc f,ow field, thus providing iroponrnt gridelines for tùe
laborarory worlc
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M.C. Silva, D.X. Vicgas a¡rd L.A. Olivei¡a
Grupo de Mecânica dos Fluidos

Universidadc dc Coimbra
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INTRODUCTION

Roscndahl [3].

The concçt of equivalcnt tcrnpcratr¡¡s that integrates the i¡fluences of air tcrnPeratu¡e
velociry a¡rd mean radiant tcûrpcran¡¡c is widcly uscd in p'racticc, in conjunction with thc
values of reluive humidity and of two numerical indcxes related to clothing and to
physical activity, in o¡der to evaluaæ the thsmal confon. Most of tt¡e timcs, its erraluæion
is done with an uniquc sensor that si¡nr¡lares thc thermal bcb¡vioru of a human body and
integratcs the influcnces of ell tbose veriables. However, if a good howlcdgc of the air
distribution is requircd as I íc? to thc developcrcnt of ¿ new desigrr or in the proccss of
inproving ur cxisting onc, thc vclocity ficld in ttre sn¡died døain should be well ktovm.
Some cxamplcs of this kind of sn¡dies can be forurd in Tcrnming & Hucho [4] and in
Klernp ct al. [5].

In this pçcr the isothcmpl airflowptoduccd
is srr¡dicd both experirncntally in a full scde I
two-dimcnsional simr¡l¡¡ion of the ¡uöulc¡rt floç, i¡ aEarlsversc c¡oss scction of thc bus.

EXPERIMENTAL SETUP

The mcasurements werc carried out in a full scale sectional module of a passengcr
oompartffient of an intcrcity "Salvador Cacta¡ro Delta" bus. The module is 2rn long, with
¡ro -rows 

of sca¡s and w¡s built wittr all thc const¡r¡ctive dctails of a real h¡s (fig. l).

Thc ai¡ was introduccd in the compartncnt through the nozzles placcd in the ducrs over
the sears. Two cen¡riñ¡gal fans of the type cornmonly uscd in rhe ca¡ industry, drivon þ
DC motors, we¡e used to bloc/ the air into thc ducts.

The power supply of the DC moto¡s was rcgulated in orderto obtain an airvelocity at thc
outlet of the jets of 10m/s which was the order of the mean value measu¡ed in thc real
bus.
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Fig. l. Bus modulc sch€me.
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Fig. 2. Block diagram of the expcrimental s€rup
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paniantar care was taken wfuh the duo sysem in order to have ¡he same condi¡ions in the
various jets and to atsume the flow symmelry in the passengcr comP¡r¡Îfncnr.

"l;
t\

(:

Dantec 55D90. Thc linearization of ttre s

A th¡ee axis t¡aversing mechanism was uscd inside thc model. Two axcs were manually
positioncd and ttrc tlú.id onc was eçiped with a Dantec 55810 motoriz¡d travcrsing unit,

'- contrclled þ the conpuær.

28r

NUMERICAL FORMULATION

Even though remper:nut dist¡ibutions for non-isothe¡mal sin¡ations were also calcr¡lated
to providCguidciines for ñ¡ture laboratory work, the.present papcr onl¡ concems the

*¡oincrm¿ dow field analysis. Forthis case thc goveming transpor equations of ¡hc two-
dimansional trubulent flow q'e¡e applied in their c¡¡tesian coordinate form'

-{,{où=o

ll 
Gor""ning eþuations

The time-averagcd uanspon equations forthe conservation of momenn¡m are in compact
te¡rsor noution, as follows: 

: . ., ït

*V,,o-,(*.*-3*',,)l*f; *@-e,o¡,,*!r4Ç)=0.)

i7r
whc¡e u-i and u'¡ a¡e ths ¡nca¡¡ and f,ucn¡rdng vdocity componÊnts in the x¡ di¡cctior¡, p is

.. 
=-, densiry and p*¡a rpfe¡p¡rce value, g¡ is the magninrde of thc gravitational acceleration in

"'"- 
,h" i¡ di¡c{on, Þ i¡i Freisù?, F is thç lemin¡¡ viscosity and Q¡ is the K¡onccker delta.
The overba¡ dcnoes ¡¡rcan values.

In addition to this relatiq¡ ç€ mr¡st also includc the equation of mass contiruity:

(2)

In thc present isothermi conditions p -aV Uc taken as a constant cqual to p,.¡, thus

reducing. i'i!-ass.conscniation to ñ¡ /ù¡ = 0 and allowing funher simplification of
cquarion left unchanged as it is used in the prcsent
form föi

É:t.r .. ,r:-a(.,- , i ,, ., - . ,,., ,. ;J
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.ì alding tO in which equ4ions for
rare-, g, a¡c solvcd, was used for
) ar'e expressed, in analogy with

(n. ã,1 )-ît¡u'¡=r,lq*Ëli0ra,, (3)

r
1!

s: î .:,'. f'r :: Þ:vþs¡s p, is a "tu¡bulenr" viscosiry that may be relatcd ro k and e by dimensional
'' ç-' afgumefits} ì'1

ì9:i".' 
; . ,. , ltì-= cyPl<' I e ,r !. (4)

' i,t Ì il ", _ ,,,ì

u'hère cÈris a corÌstant of thc modcl. The n¡¡bulent exchang" coefFrcient I.9., forany
variable Q may bc e:rpt€sscd as:

r, tìf) ll

iriÌli? 'I, I
,tl\J . 

t

' : :' q: afd
¡i:h,

(s)

(6)

o)

tþhere oljis a Prandrl number of order unity.

,;,'The transpon equatioru for k a¡¡d t that we¡e solved for the present purposcs ¡¡rc:

' " *("'o- i' #)- r' #;(æ*f;)*ø'- s, = o

j :f S:j.-rîl J , t¡1. ¡:

; ::.:;: :- i: ; ¡:i;: :.::i.j-: ..:.:.-: :: ::i ':: ::. ::: :.:::j: -i

' t"''Ñum"ricai 
approach 

''

where.Ç1{d.Cz a¡e ñ¡¡rher consar¡S,and.F'.r an4 lç.r arc dacrmincd via e{r¡uion (5).
The $etrdatd gonstsns of üre model-weic uscd [6], . ,

g the finite volume merhod [7J The
control volume face was performcd

'\ lï'
J

Ì algorithm describcd in [8]: Gauss-Scidel line-by-linc
ones.

Solid wall a¡rd outflow boundaries '$,ere reprcsented by no-slip and zero-gradient
conditioru, rcspectively.

''Ìi , .,of
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sh having small size cells in
wa!¡ used, though ncgligiblc
d with this g¡id and one of

'SUS2. Convergeñcc was anainèd when thc normalised reqiduals for the two momentu¡n

gquatìbns andr¡iass cònscrvuion were less ttran 5xl0'3. '-
' 

t,,

'. RESULTS AND DISCUSSION

It is found ttrar velocity fluctuuions in a cenain frequency range can producc
Melikov [9], rcfcring rcsults from Fanger and Federson and from Assakay
i¡rdicates th¡t thc frequency rurge of 0.3 to 0.5 tlz is quite critical.

as bcins ttre best corryrorrisc.

discomfonable
. ì.' 't

considcrcd planc are prescntcd in the ûgure 5.

discomfon.
and Sakay,

..¡ I

[:

:"''r;' 't::':r¡, the lcvel of thà liasïägcr head (4m-50(ñìå froüi'ilidhozztc cßit) the meur velocity
in.the cc¡¡ter of thi jci is ãbout 1.5.2.5rrvs,'ùn¿ thittu¡tutencc interuity varies bct¡ree¡r
3Ço and 4?o. A slig¡tt dissiÍrctry in the betravioru of the two jets is aparent, with a mo¡e

prono¡nc$ eolargønant of thé lcft jet, probgþIy 
,,¡¡ 

p, c, g¡s.equence of the prescncc of the
laeral wall.

rrr)v:''!|l:To dcscriÚà in dctail rhç flow u thc head level iomèradditional measutpments in a
the nozzle cxits,"iverc done in a 46x16 measuring
ane is rr,presented þ the bold line in the ñgue 4.

o those measullmcnts 8re
symmeúy and the a¡ea in
a ci¡cle of abou¡ 20crn in

- 
-'*tl" 

.r, 1 .r;i.: ,: ir ,r-, Lvr : ,,.::.f l -r)
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Fig. 4. Measuring plancs uscd in mean vclocity ¡rnd tr¡¡br¡lence intensity measufiments.
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IiÊ:_1.rt:191",T9,tgp, t"sentarion of the measu¡ed valucs in a horizonral plane u the
psss€ngçr's hea¡l level (400rr[n from the nozzle exits).
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The mean and turbulent isothermal flow in the passenger cpmparùncnt of an interciry bus
was analysed uótt uy' 

"rp"ti-i;i J ;ä ;rí;í"1 ;äñà;i.: - /t- 
..____..

The èross section of ttre j
conpared with rhe size of a
larger area nozzle can give
and amo¡e envolving flow.

ensional in cha¡acter, it was concluded that
work may be obrained from preliminary two-
is namely rhe casc of air cobling or heuing

Fu¡ther work in the bus to4$" is planned-with non isorhermal cond.itions, using both
hê¿ri'g and cooling of rhc as¡bicnt air as well as the simuluio" or soir ¡aaatiorr.
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