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Study of Air Velocity and Temperature Gradient
In Lecture Room Through Mixed
and Displacement Ventilation Systems
to Improve the Thermal Comfort

Bambang Iskandriawdn

Abstract/7 Air ventilation system is considered crucial methods was done by Holmberg et al. [1]. They

in the target of majntaining clean and fresh room & at found that a free convection flow around a person
all times. It will improve the thermal comfort and may protect the breathing zone from surrounding
indoor air quality along with the activities of ocapant. contaminants at the head level, but it may alsngpri

This investigation explores the influence of fresh ia

diffuser location to the thermal comfort factor contaminants from the source below the breathing

especially in the lecture room. It will contrast two types Zone.' i_<|ng et ali . CO.nC|Ud.ed tha.t. the accurate
of ventilation: the mixed and the displacement application of stratification air conditioning sgs
ventilation. The thermal comfort factor is represened for the building where the 'Udoor air quality inases
by means of air velocity and temperature. Using Flent could propose some benefit. In case study, more tha

6.2 as CFD (Computational Fluid Dynamics) simulatio 1 million kilowatt per annum electrical power
program, all the variables will be exploited. The pecific operation could be saved, 50.55% of the operation
boundary type’s room model is verified in GAMBIT cost prediction with the conventional system [2].
software generating such a specific lecture room. e Ceiling cooler panels are used for high coolingdloa

finding shows that the displacement ventilation syem
has benefit in the propensity of controlling the hat and
air velocity compare to the mixed ventilation.

to improve the ventilation quality [3]. Stratifican
air temperature and ventilation effectiveness are
some significant characteristics of displacement

Keywordg7/ventilation, mixed, displacement, lecture ventilation in ac_:cordance W'th_Hu et "’,‘l' [4_]' NHIB,
room. CED fluent [5, 6] accomplished an experiment with air terrhina

' device which is mounted next to the lower wall. The

I. INTRODUCTION level of velocity and temperature in the occupation

zone could be clarified with single formula andtpar
of them by measurement method.

Air stratification flow with wall mounted supply
evice is implemented to predict the temperature
ifferences and ventilation effectiveness [7]. The
purpose of Xu et al. is investigating the influerofe
heat loss through the wall to temperature gradient
and contaminant concentration inside the room with
displacement ventilation. The influence of air dypp
temperature and cooling load for temperature
gradient and ventilation efficiency [8].

Critic evaluation; performance and design guideline
or displacement ventilation system are executéd [9
[10]. Lau and Chen [11] examine the performance of
displacement ventilation where the air is supphbed
floor area with swirl diffuser is compared to

erforated diffuser in the high cooling load (ab6at

/m?). Experiment method as the validation is

Since the energy crisis in the 1970s, the insulation
of buildings has been advanced and the
ventilation rate has been decreased in order te sav 4
energy. However, such a reduction of air may causey
an increase in the concentration of indoor polligan
Draft (thermal control problems) and “sick-building
syndrome (indoor air quality problems) are familiar
diseases that are direct results of the poor digidn

of airflow. Air ventilation system is operated takée
outside the contaminant straight away from the room
The achievement of ventilation design needs the
system which is not suffering overloaded with f
sufficient capacity.

What kinds of performance characteristics are
required in analyze of air displacement and mixed
ventilation system should be paid close attentmn t
the previous research. The researches which ar

concern to the displacement ventilation system Wereapplied for comparison. Some parameters are

.donle by s(;)n:je researr]chelrs.kTh]f)se activities ﬁr%mplemented such as air change hour, the number
implemented due to the lack of success In the 5 4 |gcation, occupant position, furniture and

coSnvenuonaI ar \;]entllatlon system. lishi hi artition and the exhaust location. Many kind of
ome researchers are accomplishing SOmething o nyijation system for the buildings are explored
valuable even though they still need some pmlongedfundamentally by Awbi [12]. The author did the

work. . . . . ... experiment and simulation to compare the two
Experimental analysis using several air distributio extreme kind of ventilation [13]. The purpose ot
research is to explore the establishment of unique
!Bambang Iskandriawan is with Department of IndasfBiesign, airflow depend of the position of air supply diféus
FTSP, Institut Teknologi Sepuluh Nopember, Surab#®@i11, is linked to the convective heat transfer knowledge
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Fig. 1. The model of lecture room is generated AMBIT software

The result of this investigation is expected couldenergy which was generated since the existing ofeso
contribute the long journey to obtain the substdnti heat sources: persons, lamp and computer (each has
enhancement to improve the thermal comfort and roonemperature 2T).
air quality especially in the lecture room. This
investigation needs to be implemented because our I1l. RESULT AND DISCUSSION
country has specific environment where the outdoor
temperature will determine the thermal comfort desi
the room.

Air flow pattern for two categories of air ventilat
system can be seen in Fig. 3 (the mixed ventiljtéom
Fig. 4 (the displacement ventilation). In the mixed
ventilation systems the journey of supply air rigkly
longer due to the supply air come into the roonmftbe
This research based on the simulation of CFD (EKluerceiling elevation area down to the lower zone aadkb
6.2) with makes use of the location of fresh affuder to the upper zone continues to the exhaust areah@©n
parameter. The CFD simulation is set up with theigie other hand, the portion of fresh air moves fromltveer
of ventilation system and the interior of lectu@m zone to the ceiling in the upper zone and out pgssi
derived from the existing principle. The lectureomo through exhaust in the displacement ventilation rehe
model was generated in GAMBITGéometry and Mesh the travel is shorter. The turbulence intensitiigher in
Building Intelligent Toolkit software subsequently the mixed ventilation system, where in this caswilt
meshing process was completed. In the Fluent 6.2 isfluence the aspects of thermal comfort and indaior
clarified boundary condition system. There wererfouquality such as the velocity, temperature and @itami-
types of viscous flow: laminar flow also k-epsilon nation.
standard, RNG and realized. In this case the lanfiow 5 A, Velocity

system is selected by reason of the air veloc#idathe . . . . . .
lecturer room is low down sufficient. Plenty of interesting matter in the air velocityabysis

Based on the architecture regulation standard, th@@Sed on the position of air supply diffuser ane th

model of lecturer room with the air ventilation tym  Interior layout. _
was created as we can see at Fig. 1. There arel@§ p LYing on the poles 1 and 5 (at the room front corfieg.

which are used as the position of air velocity and®) Mixed ventilation, the air velocity decreasesethe
temperature measurement (Fig. 2). Table 1 showkeus Neight position decrease. The opposite condition is
air temperature measurement com-parison result &ccurred on the poles 1 and 5 displacement vetilat
simulation and experiment which is implementedhet t 1he air velocity increases while the height positio
previous research [13]. Four va-rieties of veritilat decline. The highest velocity is 0.2 m/s. The lowes
systems which are investigated: mixed centre, mixed€loCity (below 0.02 m/s) is occurred in the pdiesoth
side, displacement centre and displacement side. in the mixed and displacement ventilation due teirth

In this project, the supply diffuser air velocity,, = Position is far-away to the air supply diffuser.
0.2 m/s for mixed and displacement centre where the Principally, the velocity curves of mixed ventilati are
diffuser diameteD;, = Doy = 300 mm with the supply the mirror of that of the displacement ventilatiwhere

air temperatureT,, = 18°C. The fresh air absorbs heat the mirror field is the line around the room heighbm

Il. METHOD
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for the area poles 1 to 5. unique pattern of the ventilation by means of disp}
Velocity gradient for poles 6 to 10 where theirifioa  ment where the temperature rise while the roomhteig
are at the room centre can be seen at Fig. 6.iSeyphe location increase.
highest velocity is around 0.4 m/s that is the ateae to The middle position lecturer air temperature caodit
the exhaust diffuser (poles 7 and 9). Almost thisreo  can be seen at Fig. 11. The temperature gradieats a
velocity profile difference between mixed andalmost uniform for various room heights around 19-
displacement ventilation for poles 7 and 9. Airogiies 20°C. The omissions are at the poles 8 equally forethix
are under 0.03 m/s for poles 6, 8, and 10 equalihé and displacement ventilation and the pole 6 mixed
mixed and displacement ventilation. Velocity predilat ventilation. Why the temperature are increase & go
the back of room can be discussed in Fig. 7. because at those position exist exactly the lighthe
Similar situation with that at the front of room is one of heat sources. Under the room height 0.5m ol
happened in this area. The mixed ventilation v&joci areas, the temperature gets higher. It happen Hiecair
profile is the mirror of that of the displacementsupply flow mixed ventilation broken by the white
ventilation. The line around the height 1.5m islihe of  board.
mirror for the poles 11 to 15. The displacement ventilation is superior at théues
The role of air velocity is the most important thim  backside compare to the mixed ventilation in thewof
the ventilation design. The discomfort of occup@t temperature gradient (Fig. 12).
depending of the air velocity and temperature ie th The mixed ventilation fails to flush out the areags
room [12]. The bigger the air velocity will increas 12 and 14 especially under the room height 0.8m.
dissatisfy of occupant, where the higher air vélois  Furthermore at the pole 12, the room temperatunest
needed for the successful ventilation air to bringachieves 2%C. The air velocity is slow down at those

contaminant away from the room. areas as we can see at Fig. 7.
B. Air Temperature
The observation of air temperature is focused at th IV. CONCLUSION

lower zone height area: y=0.25m and y=0.5m; The airflow pattern will determine the room thermal
occupation zone: y=1.0m, y=1.5m and y=2.0m moreovetonditions which are represented by measurement of
upper zone: y=2.5m, y=2.75m and y=2.95m both for aivelocity and temperature gradient. Room airflowtgrat
mixed and displacement ventilation as we can s€égat is established by the position of air supply diffuss
8 and 9. well as interior mass inside the room such as m th

The four blue points of the displacement ventilatio lecture room.
broader compare to the mixed ventilation for every From the competence of room temperature redu-cing
distance the supply air moves. Commonly, thepoint of view, the displacement ventilation is drea
displacement ventilation will create the cool tengpgre  means its capability to bring heat through the esha
inside the room contrast to the mixed ventilatisedifor ~ diffuser is higher. Even though at the certain atea
the three zones. But, if we check accurately thera existing of interior mass will block the airflow
small number of areas where the room temperature farthermore will generate death air area wherertizan
higher for the displacement compare to the mixedemperature become high.
ventilation. Those are the areas under the talblethe The others factor which are determine the thermal
room height 0.25 m to 0.5m (around the poles 9,180, condition are the number of heat sources in aduito
14, and 15). The temperature is higher as weli@tea the shape and the room dimension. Therefore thécpub
nearly computer and the lecturer for the room Hheighfacilities like the lecture room for instance aeguired
1.5m and 2.0m. The displacement ventilation fails tto be careful in the design phase.
spread out the fresh air to those areas. The eyisti Air supply diffuser design and location besides
whiteboard spoils the airflow from the air supplffuser  determine the quality of ventilation; it is veryterd that
under it. On the other hand, the mixed ventiladoesn't the aesthetic aspect of the interior room becomes
achieve the area under the lecturer table thatg thh  particular consideration by the room designer.
temperature is higher.
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TABLE 1.
THE DIFFERENCE OFAIR TEMPERATUREBETWEEN EXPERIMENT AND CFD SIMULATION FOR AIR MIXED CENTRE(MC), MIXED SIDE (MS),
DisPLACEMENT CENTRE (DC) AND DISPLACEMENT SIDE (DS) VENTILATION SYSTEM AS THEVALIDATION [13]

3 Height Air Temperature®C)
% No Room
= (m)
mc ms dc ds
- 1 25 24.85 26.25 25.61 24.69
é 2 2.0 23.73 2578 24.48 24.47
5 3 15 2430 2550 24.63 23.89
o
a 4 1.0 23.52 2324 22.65 23.36
5 0.5 2246 2341 21.65 2232
c 1 25 20.72 23.15 21.35 2455
S 2 2.0 20.73 23.16 21.34 24.55
©
E 3 15 20.76 23.16 21.32 24.54
[ 4 1.0 20.77 23.17 21.30 24.53
5 0.5 20.78 23.18 21.27 24.52
A (%) 1457 7.22 1166 3.23
Aaveratg e(%) 7.34

S Pl 15

polz 14

Fig. 2. The lecture room poles position for airoedly and temperature measurement
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