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Effects of air change rate on comfort, air quality and energy consumption in an
amphitheater with under-floor air distribution system

Mahdi Afzalian®, Seyed Alireza Zolfaghart’, Ali Foadadini®

1- Department of Mechanical Engineering, University of Birjand, Birjand, Iran.
*P.0.B. 97175/376, Birjand, Iran, zolfaghari@birjand.ac.ir

ARTICLE |INFORMATION ABSTRACT

Original Research Paper Today, the building ventilation is an essential process due to the need for improving the air quality and
Received 27 November 2016 thermal comfort conditions for occupants. Providing the mentioned conditions is more complex for
Accepted 21 January 2017 crowded and larger spaces. In this study, the effects of air change rate per hour (ACH) on thermal

Available Online 13 February 2017 comfort, indoor air quality and energy consumption in an amphitheater with under floor air distribution

system have been investigated by using the computational fluid dynamics and Open Foam numerical

,Iialpwh(i)trhdez'ter solver. For this issue, an amphitheater with 50 occupants has been modeled under the conditions that the
Thermal comfort air inlet diffusers are located in the front of the seats. Also, the air change rate per hour is assumed to be
Indoor Air Quality 5, 10 and 15. For better comparison between the results, inlet air temperature is controlled until the
Energy consumption mean of thermal comfort index (TSENS) in the occupied zone is equal to zero. The results indicate that

Alr Change rate for air change rates of 15, 10 in comparison with ACH of 5, the CO, concentrations in the occupied

zone are respectively reduced about 36 and 46 percent and so the indoor air quality is improved. On the
other hand, the energy consumption is increased about 28 and 69 percent, respectively. Also, based on
the results, by increasing the ACH rate, the draft local discomfort is significantly increased and can be
reached at the amount of 15%.
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® Local thermal discomfort
" Draft
® Temperature vertical gradient

285

Coraz jpam g dal 5 d) 5l (B0 Cunez y slo e 0 )l ol
Sl bplesle cp poszms 5l e aisS ol Juds ol 4 .cl ol
S lp osllae Lulph (el 5 00l sume )l slal 5 a5t
M5 ol Saenl Sl B (Slep CehS Sl cels Ll il o%iga
Gl Csllae Ll el g S5l Gl e s el
Pl ol jpam aml o Lalyd ool Sy @i o0 s 3l (Sl
SRl Hpa 4l 0 (Sl Ll Wb o psde nl 4 el Soenl
0399550 ;3 (5 ey OBl (prizme 5 039y il e0gamms 13 (nSils j5boay
spae Jods a5 31 (Glen ualS coeal anal anals I3 caulu]
5 O3l 3 s 5 OLSLe ol 3y dlalad )y 13l plejes 5 0L
@z K03 gl Canl S it Sl (LA o SaraSTss S adys
3hsthe Ll po sl eslinul 5 )50 d5e8 s 45 Cesl (5550 4S5
571 e e o 1y 51 slys S 5 5 bl
al Comez sy lalad o ool 950 gy e [2] WS ald
o il el bgle ol el bild L e sl S
s ez S lp ol | (S a8 Sl
@llr 4505 w55 18 0z 5T o & ol T plrale 45
435 2L rizen 5 jaalls ol JUDl g sadaVay e ol
TS 4505 s Aoz 3l 185 (S ,SuS & e 55V
3] 5,

a3 e glail 5 (S Ty Gl @ e
2 &S el Comez g 9 5 )l (g ol slalass (o eolaiunl 0,90 olaal>
455 Lad 1950 glooai¥l 5 Loy (0, S 8ibyy e I9n (mrb (5y5lis
ol Bam b b iess Gl b 5 Gler 2s8 e [4] 5l
ars o b (Byxe 0w 1950 ans o Las 5l Sl> eyl el
390 oledl 498 0 )lw lalKe Jo b s slp Mk 1970
Slop oS oyl Gralol Ll 09 )f i a5 28518 eolil
Wlod S Gt Sario (3, BU 51 (g5l [5] 59 (g0lyail S g S5
Slsp 23355 s 1o yloils 3590 45505 pias S35 (gloois] [ a8
bocs (Al il pilo )5 glas )| aSiyl e 4 [6] 040 alys o 5
Gdshie 5l e 5 len @ e 3lse ol Ol alie
7] wilioo ol ! 55 @505 Glopins

osls i GBI S, 5 o 5 slyh 38 e [B] 1 US55
Gk 3l 1m0 00l aseine S5 j0 aS ek les (el 00l
05,5 jga 05 o 0ol “pgil Mol j3 a5 L3S S I sl
S5 i ol )0 [9] 25500 Lad 0l S 59, sloaz s Bk 5l
2 oszse Sl mle Sl S (6, s sloaz ;s 5l (6395 oL
Nl oy len 5005 08> Vb Coons 4y g 0ud 05 A (So0
onl 30 d92g0 sla oyl g laoa¥T Koo Bk 5l 09 00 0,5 lsa (ol
sgax 4l 0 len o ped 4 098 o0 0]y YU o 4y 5 0090
5 e 3 T10] Cad Jo 93 opllan oS L5 S 3 655 o3
SRl ypax 4l aged Saa (o s Slop @595 i 53 &Sl s
SHAL] il 508 o 351 B pae 505 Slopian [0 & S oo

! Mechanical Ventilation
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Fig. 1 Underfloor Air Distribution system in a room [8]
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