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ABSTRACT: One of the concerns about the operation of underfloor air distribution systems is the
occurrence of local thermal discomfort such as draught and vertical air temperature difference. In the
present study, to investigate these discomfort parameters in a room with the mentioned system, the
temperature, mean velocity and turbulence intensity for vertical and horizontal supply air diffuser with
16 and 20°C inlet temperatures were evaluated. These parameters were measured at 0, 30 and 60cm
distances from the center of diffuser of the underfloor air distribution system at 8 different heights from

the floor. Also, by using the Fanger model, thermal sensation, percentage of thermal discomfort and  Keywords:

the percentage of therma-I dlscoqun caused by. the draught were (%ete.rm{ned: The results. 1nfilcai1ted that (5 4o floor air distribution system
the amount of thermal discomfort in a room with an underfloor air distribution system is significantly .
.. . . . . . . Draught discomfort
dependent on supply air direction (horizontal/vertical) and, distance from the inlet diffusers. Also, the

results showed that by using proper diffusers, while subjects’ thermal comfort maintains constant, the Vertical air temperature  difference

supply air temperature can be increased from 16 to 20 °C, which is a major step towards reducing energy ~ discomfort

consumption.

Turbulence intensity

Experimental evaluation

1. Introduction

Nowadays, by increasing the importance of thermal
comfort due to people spend most of their time in indoor
environments, the heating, ventilation, and air conditioning
engineers have focused on choosing proper air conditioning
systems for the building. Also, improving the occupants’
thermal comfort conditions can increase their efficiency
and can cause to reduce energy consumption and improve
indoor air quality. Therefore, the underfloor air distribution
system was quickly considered as an efficient system among
engineers by improving comfort and indoor air quality.

In recent years, many studies have been conducted by
using numerical and laboratory methods on the underfloor
air distribution system. In 2007, Zukowski [1] proposed a
new relationship to determine the maximum air velocities
from the underfloor air distribution system diffusers to
prevent occupants’ thermal discomfort. In 2010, Alajmi and
El-Amer [2] analyzed underfloor air distribution systems
and compared them with overhead systems. According to
their results, the use of an underfloor air distribution system
can reduce the amount of energy consumption up to 30%.
In 2011, Ho et al. [3] studied and compared the overhead
ventilation system and the underfloor air distribution system
in a laboratory. According to the results, the underfloor air
distribution system can achieve better indoor air quality. Also,
under constant thermal comfort conditions, the underfloor air
distribution system showed a 20 to 30 percent reduction in
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energy consumption compared to the overhead distribution
system. Rahmati et al. [4], in a numerical study in 2018
examined the performance of the personalized ventilation
system with the underfloor air distribution system. Based on
the results, both systems could cause draught local thermal
discomfort in head and foot compartments.

On the other hand, in the underfloor air distribution
system, the pattern of temperature and velocity distribution
is very important due to supply air diffusers have a direct
impact on occupants. Also, these factors are very important
in thermal comfort and draught local discomfort. Therefore,
in designing this system, in addition to providing thermal
comfort conditions, thermal discomfort such as draught
and vertical temperature air difference should be avoided.
As a result, proper design, proper location of the supply air
diffusers, and pattern of inlet airflow into the room is one of
the important requirements in the underfloor air distribution
system design. There are various approaches to evaluate the
performance of ventilation systems and thermal comfort
conditions such as numerical, field and laboratory methods.

In this research, an experimental approach has been
utilized to investigate the location of supply air diffusers of
underfloor air distribution system with subjects as well as the
type of diffusers used in this system. Also, by using the Fanger
thermal comfort model, thermal comfort conditions, local
thermal discomfort, and draught discomfort are predicted
and the best case is proposed. For this purpose, in this study,
we compared the flow pattern in the vertical and horizontal
direction of supply air in the underfloor air distribution
system at two temperatures of 16 and 20°C.
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Fig. 1. Climate chamber geometry

2. Methodology

The research was conducted in an experimental climate
chamber (Fig. 1.) located in the Thermal Comfort Research
laboratory, University of Birjand and it is designed inside
a larger chamber and not directly affected by outdoor air
conditions and sunshine beams. In this experiment, to maintain
the overall room condition based on the general comfort
conditions, the room air temperature and relative humidity
are maintained at 24 = 0.5 °C and 25+ 2% respectively. The
supply air volumetric flow rate from each diffuser is set at 7
lit/s
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3. Results and Discussion

Vertical distribution of temperature, velocity, and
percentage of people predicted to experience local discomfort
in the room on three different vertical lines with 0, 30 and 60
cm distance from the center of the diffuser for case with 16°C
temperature, and for (a) vertical and (b) horizontal supply
air diffuser showed in Figs. 2, 3, and 4 respectively. Fig. 3
shows that the air temperature on the center of the diffuser
has changed from 16 to 20 °C with an increase of 10 cm from
the surface of the diffuser. This is due to the sudden increase
in temperature, a noticeable decrease in the airflow rate of the
supply air diffuser to the test chamber, and a lower indoor air
pressure than the supply air pressure. Fig. 4 shows that at a
height of 10 cm above the center of the diffuser, the velocity
is about 2.2 m/s. As the height from the diffuser surface
increased, the velocity decreased and it reached 0.7 m/s at 110
cm. Subsequently, the slope of the variations decreased so that
only 0.2 m/s velocity changes were recorded at 185cm. Fig. 4
shows that at the center of the diffuser at a height of 10 to 85
cm, 100% of people feel discomfort with the low temperature
of the outlet air and the high velocity of flow, but at 85 to 185
cm from the floor, the percentage of dissatisfaction is greatly
reduced and eventually reaches 26%. At 30 and 60cm from
the center of the diffuser, the percentages of dissatisfaction
are similar to other points and are in the range of 15% to 20%.

4. Conclusions

Based on the results, in the vertical supply air diffuser by
increasing the distance from the center of the diffuser, the
percentage of draught local discomfort is greatly reduced
and the thermal sensation of subjects increases, but in
the horizontal supply air diffuser because of appropriate
air mixing, the occupants have better thermal comfort
conditions. Also, the results indicated that by changing the
inlet temperature from 16 to 20°C, the occupants’ thermal
comfort conditions have not been changed significantly. This
fact can be used to reduce energy consumption. So, by using
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Fig. 2. Temperature distribution for (a) vertical and (b) horizontal supply air diffuser
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Fig. 3. Velocity distribution for (a) vertical and (b) horizontal supply air diffuser
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Fig. 4. Percentage of people predicted to experience local discomfort distribution for (a) vertical and (b) horizontal supply air diffuser

a proper diffuser and adjusting the temperature of 20 °C to
the air in the chamber, the same thermal comfort conditions
as the 16°C temperature can be provided.
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Fig .2. Climate chamber geometry and characteristics

oLl 3 50 glaslaizes ;o ol j5b 4 g (atin Gloj o)l S
S spS bwgio b g ool ploxl aladi j2 (g o posls o oo o
Slade Cag pur Oy 5l oolannl bl oads (5155 bl (polde
ol g yas S0l e 00iS pnd &S Sl o (2 Klo Hgdme
Ao )8 C g lre Byl 5 e p Gl dlall) b ogd co dlne

a8 Ol il amalre LB 55 ol > Skl cus

ey

o alold dw H0 e p g Lod (g0g0e LI T OS] -l jo Ll
AD Fo FO N gl | A jo g a0 35 e 5l (g ke gl £ 5 Ve
0dlds (S o3l &S a5l gy GOl VAL 9 VFe YD N -
Y USS )0 g 00,5 o0 cdplice bli den Dlaits ¥ Jgaz j0 a5
et () ¥ SS )0 Slaisne gloyeome) (sl ol ooly Lis

B fA- TGStO oKwo u.cj.m BY ] OQ‘O )‘)5 lJ (w‘ IR



FoVE B YOV doxio VFer Jlo d oyled DY 093 ¢3S prol CSilSin i &yt

=L -f
8 anlio 4 gl ool 0 ab Gl Sk &5 pbiles
1 sass olr Bl g sogee 458 Lz 0 £95 90 0 Ol
Voo V7 it sloa slod 90 50 (o 25 (slon @95 e
el 0ol wiBloy dz yo 3 (60958 Lyl il (6l wgmadas 4z o
Poog Ve o aolh an o bz 5 WY 5SS e 0
S8l 85 I8 wyp 3550 a0 S el (6l
Go9as ba> A (59, » BUl ;o Lo soges auje8 onmslis ¥
el a2 50 35 e 5l o eniile £ g Ve ao alols b calize
a3 b a0 Ll o lge slos soges sles @8 (D T S0
alold a3 1) ol 425017 (slos ;3 (51,0 G9) S35
@S s oe aled az ;o S el gl Frog Y ao
Vo gl Rl LAz s S e 59, Ige sled wasoe (LA
S ogeebis 4z )3 Vo VF 5l Led am o mhaws 1 (s e Lo
iy gme S s SLSU o8l cpl e Lol aidly
JLad pog e 5 Ghalesl SEUT & a0 5l 0955 lse bz
Loadlow 0,0 29,5 sl jlad 51 SBUT Al slad sls
9k Lo cazm ;o a1 e gl VY- BV Sl elis )| a8l
G ymoniils VY o elas )l yo aS (glaisS 4y sl adly ool 38l yugusxs
3 el oany gadis a0 YY/Q sg0 4 lgn sles (a5 )

Gl Lo St o (S 51 g ye il VAD B VY- glis)|

T ~
- | -
P \_\\
- -
- .
e -
- -
ul S
-~ . "
- "
-~ - - ", "~ -
o - e st
-~ - -~ il e
- .
- e
~ " "
-
o "
- L~ L P
- L} P
- s e,
i e - * :
e - '
- " .
- L
e g e d » e
- " - -
L e v T N
- Py .
S =T T
R | S
™ - T
= . o
- - H'"-.\
{ L - gt
- ¥ o
-~ | .

P S, s o .,
- .
- S
L - e

-
- -
" -
= -
" -
" -
o -
-~ -
™ P
" e
ot -
~ -
. -
o -
e -~
o -~
o -
o -~
. -
- .
" -
L
e

Golopoeols bli Y i
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Fig. 4. Vertical air temperature distribution of room with UFAD system
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Fig. 5. Vertical air velocity distribution of room with UFAD system
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