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Investigating the effect of return air vent height on energy consumption,
thermal comfort, and air quality in under floor air distribution system
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this study, by cooling coil load calculation in under floor air distribution systems, the effect of
Received 15 June 2014 separate location of the return and exhaust vents and return vent height on energy consumption,

Accepted 01 September 2014

Available Online 01 November 2014 thermal comfort conditions and indoor air quality have been investigated. Based on the results

obtained from this study, when the height of return vent is equal to 2.0, 1.3, 0.65 and 0.3 m, the

Keywords: amount of energy usage reduction compared to no return vent is equal to 10.9, 15.3, 18.9 and 25.7

Under floor air distribution system percent respectively. Limiting factors in the amount of this reduction are thermal comfort of
Energy consumption occupants and indoor air quality. To this end, thermal comfort indices (Predicted Mean Vote and
Thermal comfort Predicted Percentage of Dissatisfied), local thermal discomfort index (Temperature gradient in

Indoor air quality vertical direction), and indoor air quality index (Mean Local Air Age) have been investigated by

changing return vent height using CFD methods (Air Pak software with SIMPLE algorithm by
using Indoor Zero Equation turbulence model). Based on the results, by reducing the height of
return vent from ceiling to floor, the exhaust air temperature increased, which causes the
temperature gradient to increase in vertical direction. The survey was conducted so that choosing
the location of 1.3 m (upper boundary of occupied space in seated mode) for return vent would
cause a 15.3 percent reduction in the amount of energy consumption while maintaining the states
of thermal comfort conditions and indoor air quality.
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1- Indoor Air Quality(IAQ)

2- Mixing Ventilation(MV)

3- Stratum Ventilation(SV)

4- Displacement Ventilation(DV)

5- Underfloor Air Distribution(UFAD)

126



OlSen 9 3135 5r34n panls o 325 Slgd @595 @i )3 19 S 9 S GinlnT (553l B p0e 53l ki az)S £ S )
T lT' 9 iS5y glrazm ;o b (s ) Glop @8 i &5 ar0 e GLiS
L Juioar 1y syt 5351 Span 2alS sl oo (3 USE) Gelaials 55

[l S |

$°9,9 5999

NS s

b oo i 198 02595 s CiliBes oS 5 Sslods £, 3 S
[14] o2 Gobatals 9,5 5 iS4z

S ol b gmaz slap 5 hgtane Ly 50 5 6550 dole sl
Joe onlzzel gla e 51 eslinal b a5 anl e wa ® osledl >
g g0
Jae @ 0193@ Gl:&b srlose 6‘):‘ LS.ML..A:‘ sl Jos U'i)"C)'I“‘ )'|
slayls § s (Jae ol ,o [15] o ojlal Uzl ladolas yho
o8 Glaey olgee 1) ilazel Yol o W By eolazel

L. 4

255 Joe (F5) Laly) & jgot oo oy Sy o0

— ou, ou, ) 2
—pUY, =”t[ax, +0X:j_3(5ifpk) (4)
o /’lt a(p 5
—pUlp =| =L | ==
PE® [Prt]ax, ©)
(6) alul, @50 4 Sigiie by 5o Juily sae (5) alal, yo &5
Dyl o iy yal
v
Pr.=—t 6
=2 ©)

dnlee gl canl p3Y colacel SYolas olliws ol atuy Cy>
Mobenjio Jon 45 w053 solinal alizdl gla Jas 5% alezel el
ol e a5 [15] Do Cowd 4 (7) ala, 5 wolazél coy) lade o LSl
Gl (02,20 jlaie S ol e calal
u, =0.03874pvL )

Sttt sln [18] 55 5 oz lawss Jols Gllolas yao Jas
4 azgi b g Conload ools day g axwgi JSbs sladae jo 1se b >
el (2 sladazme 13 (295 o @S Gl 48 5 050 Gl o) 2
ol 00 03inl S Sz ko ) il (g jldans (s

J> ey -3

&3 > gy -1-3

ool g Peigls S b Syl Jf53le 22 s ) il anlllas o
@l ysS e 3l o el o osliil (Sl E¥olas > 5 Slaslowe
(§dSl iz (ol oals oolaul gosm px g, 3l o >

Sl ol a5l wil ol senaSd S diee J> g

- Turbulence Heat Flux
- Boussinesq

- Turbulence viscosity
- Discrete Ordinate(DO)
- Air Pak

- Fluent

- Finite volume
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1- Reynolds Averaged Nervier Stokes (RANS)
2- Reynolds Stress
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2- SIMPLE

128



Ve 9 3135 534 Eawld

R 32) Slgd 295 i )3 lgd S 9 S L,A“AﬂhuTséj)ilJ)aM)el,.ﬁwHdﬁ)é&l.i.i')l)i‘|w))§

Sl olel @ |y (S5 lade SO asls ! aiS o byl g oy p
Lyl Judos a0 s 353 oo o] metd b 45 020 o o 0l B agas
5ol sogumms 50 (8) alay w05 pludl )T (3lutiy 5 O5ete <5yl
oylabinl sleiiy (wlolyy 5 Elo B oyu 3l moro doe ;o b cnliis

[20] < 4015 3 ~0f5 e sl ool i e 77303

Lo (olo,S Lyl pi & o 9181 (3 LS )b o p3 -2-1-5
Sy apibime Cqz anls Gl oS silel slbdue ol Bas
5 a3 5 el e o bl e o 931 o
BB 890 Gk g e ()l (b JLae plgrsa &S ol
Ll o o3l A eSils ol OV (a5l ol 3,5 e
(S35 09,5 e & g) ol 31 ol o)l ) gz o5 e lo)S
LS (pl (oS aile oz (11-8) Luly) 0,8 0 S8 (gyp 3500
Llps 4 cas o3l ] Sl (a3 ls ) (b Sjpen (12 akal)
Lo)S b Loy wlast a5 1) (g0l o po asls ol el e ol )5
[19] w5 oo amslins |y 0 o i,y obon] &5 (glaisSay 055 oo
PPD:100795><exp(70.03353x PMV470.2179><PMV2) (12)
ol «as s ol cenlis e 7730 530 o Joibinsl olgii bl
[20] et 15% b (s9bue b 505

3l BB (Lol woyd) rdge (il (Subsyl gl -2-5
(L3 gogoe oIS
5 lre loedgaze jo (asee (Sl Glel Glaasly (25 )5
S el Ll 3 S5 sl SIS 4 5 p3¥ by o J 8
Sy bl ads o el (Ken K300 ke el plaslo LSl gom
Ol w50 Lol sl jlre sodgame 10 )l Gialel glaasls Lad
ol sloarli @dly e anil adls colSs )l bl s 4y o
@ S 31 Lol aoye 5 e ole,S bl d 4y s ol,81 L]
o le h sesee Gl pbel s b e oo S Laulys
Lo oo ol @ o o Sf3T L 5l (e (s bl 51 (550 50 (rdge
2 . . R ) ) <
WS rdge (Sl (BLo)L sl o auliBl g (rdse sleS L
$330e bl (ordge (5l (L)L ol Jelse n St 5l (S
O ygods 5 005 Rad calel GBI 1o jo lon sles ayjsi . cal Lad o Lo
Vgare 5al slos gujs ol ubis Gialpdl Cilin b GS 5l sogas
Okl i el S3L s (rdge S)> Cold) o Jele (ke
apdor Ssdee i)l 5 delre ju 5 Lad S L @e gl o Lo
a0 aw 1130 g5l o laibiol jo ool slpiins sled (s8g0e LIS
[22] ol 51,5 il

(I3 2590 buwgio o) J515 (glgh CakeS yial )y ~3-5
ol Cuxdge 3 Ign hangie jee (o) Glyied I9a (ndge Lawgie pee
cCal 00 Lad 5y b s gly lse a5 Sloj 4y cos Lad J5ls o

on 350 s> 3 Jguer

(M) oty a0 glis)| [P
2 1
13 2
0/65 3
0/3 4

PMV =(0.303e7°%*" 1+.0.028)x (M W)
~3.05x10° x| 5733-6.99(M -W)-p, |
~0.42x[ (M -W)-5815]
~1.7x10°M(5867-p,)
-0.0014M(34-t,)
~3.96x10°7, [ (¢, +273)" - (F, +273)" |

_fclhc(tcl _ta) (8)
t,=35.7-0028(M -W)~1,, {39610 °f,
<[ (t, +273)" - (F, +273)" |+ £, (2, - ta)} )
238(t,~t,)" for 238(t,~t,)  >121\v,
h, =
121y, for238(t,-t,) <121y,
(10)
100+1290/,  for 1,<0.078 (m*K/W)
fcl =
105+0645/,  for /,>0.078 (m*K/W)
(11)

w930 b el sl gy =5
s09es &3l Gilul -1-5
Lo 1lo ) byl pib &1 Cornnd 31,81 51T (aSilio (a5l -1-1-5
e 1960 sans 4 J)lm Lilel Lo sl oo 65 54 oul
Sly sl Jae oyl [18]7 58 1970 Lo o [17] 5ol
S g b Joo G S8 Jae oS w1 Sl palel bl o
5 ool @510l s loy CodiS semgl 5 398 e gmine (slakais
el ke 5l el (el Ja 050 0,5 5 Olsieas oo

9 Sglee éf’) @8 Jele 5o a4 g (Gl llpl 08 Jae o
bugie glos dga slod) (Jame hole ez 5 () san@le Gl
Ao Jalge ool 515 [19] ol atly (Igo e s 5 g2l jLad 2l
S8 )T (Sile U L ganly pasls B o |y )l blyd
Sleer 2L Gl ke oS e ol bume Qb Ll 4 Cod
Sgdiss dmiloes (8) ala,

el e leF Lyls 4 s o3l ST Sl asls
e ol S Ll it a4 s 1) (03151 (5530 095 41)) iSle 51>

2- Local Thermal Discomfort
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