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ABSTRACT

Design and operation of an extended hybrid verditasystem are fully investigated in this studyotigh an
example building. Tools of genetic algorithm optzation, computer fluid dynamics and energy simatatare
employed to assist the process. The objective isawimize natural ventilation while maintain goodidoor thermal
and air quality. The dynamic operation of ventsdb@&sed on wind directions, wind speed and outsigebdib
temperature. The overall results show that the idykentilation strategy saves significant amounteofergy
comparing with traditional HVAC systems. Furthermothe average natural ventilation time during péed
period from June to August is 69% of the total gied hours. It was found, beside the good energippeance of
the hybrid system, the thermal comfort can be eststor more than 90% of the occupied time.

1. INTRODUCTION

With the increasing use of energy in buildings,igieisig and building energy efficient buildings bew® more and
more important. The best way for buildings to sexergy is to interact with surrounding environmastmuch as
possible. Natural ventilation (NV) strategy has rbeddely implemented in buildings (Wang and Won@§0?,
Allard et al, 1998). Allard et al. (1998) presentigtailed case studies and design guidelines forbNidings. It
also has been proven to provide thermal comforeutichited conditions (Wang and Wong, 2007). Howeweis
pointed by both Lomas et al. (2007) and ASHRAE 8taid 62.1-2004 that there are some pre-requisitéshw
should be met before implementing NV. An alterrativay is to couple natural ventilation with air ddioning
system, which is called the hybrid ventilation (H8)stem. According to the cases studies by Heisgl{#902), a
reduction of 20%~30% in overall energy consumptod 50% in electricity have been achieved compauongll
air conditioned office buildings. Good comfort cititmhs have been also observed by giving the usecssses to
control their own indoor climates. In addition, ho$ occupants appear to have a preference of wsimgows and
clothing to modify conditions in mild mid-season atleer. These case studies emphasize the importdncgng
hybrid ventilation strategies.

There are several simulation studies in the litemtVuolle and Heinonen (2000) presented a simnatudy using
fan assisted passive stack balanced ventilatioh ket recovery and demand control, which showl higating
energy use in heat recovery. Heinonen et al. (20@8gribed a similar simulation study of the perfance of a
hybrid ventilation system in a five-story officeilling in Finland. Four types of systems were coredafor a
building with an atrium. The results show that adstg ventilation is achievable with hybrid ventiat while
reducing energy consumption of fan. Jeong and Hyhghi(2002) presented a study on modeling a hytandilated
school building using the simulation tool ESP-ré&aipled building thermal and airflow capability. @ret al. (2003)
reported a simulation study of a hybrid ventilatisystem for a classroom in 10 cities in France. $hstem
includes fan-assisted natural ventilation with tindents controlled by room GQoncentration, operable windows,
an exhaust stack, air-conditioning with night coglistrategies and heat recovery. SPARK program uses to
conduct the simulations. The results show,®@sed demand ventilation control provides be#).l The latest
study was done by Emmerich (2006), who used CONTAdRware to model hybrid ventilation systems iB-a
sotry office building for cold, moderate and hotthmin five U.S. cities. The results show that gtsystem saved
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significant amounts of fan energy, reduced cooloagls or both in all climates but often resultedhigher heating
loads.

The objective of this study is to design, simulatel evaluate a hybrid ventilation system for addystopen plan,

office building located in the centre of Glasgowthwstack assisted cross ventilation, at the same, tdemonstrate
the concept of dynamic hybrid ventilation contrivhgegy. The evaluation criteria for this desiga exdoor thermal

comfort, ventilation and energy performance. Theusation tools chosen in this study are AirPak &nérgyPlus.

The literature shows that there are few relevarntists using CFD and EnergyPlus Airflow Network.

2. PRE-MODELING ANALYSS

2.1 Weather Data

The climate of Oban, Scotland was studied usin@g datEnergyPlus weather file (EPW) from the ASHRAE
International Weather for Energy Calculations (IWEata for Oban, Scotland. The thermal comfoiteda for
defining acceptable indoor thermal comfort condisi@re referred from CIBSE standard. From Figut@éd annual
weather in Oban, Scotland is moderate. The outsidéemperature ranges from -4 to %6 From psychometric
chart, while the relative humidity is high mosttohe in a year, the highest absolute humidity it reyond 0.012
ka/kg. The comfort zone is calculated by Ecoteceldlaon CIBSE standard. 0.012 kg/kg absolute huyniglivithin
comfort range. Under Oban’s weather condition,ghemo need to dehumidify fresh air.

Psychrometric Chart
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Figure 1 Temperature and moisture content in thenQ8cotland

2.2 Building Geometry

A three story hypothetical building, named A, lazhtin the center of Glasgow (Scotland) is adoptadtliis

simulation and analysis. The building geometrydsigned for hybrid ventilation purpose as showRigure 2.a. A
one meter high plenum floor is constructed for dini) fresh air intake. Every side has two freghirdét vents with

customer specified size. An 8 by 8 meter squayet livell in the middle of the building connects, ski®wn in

Figure 2.b, to the center of the plenum floor ogjland all the other 3 floors as a path for baghtliand air. Each
floor is an open space layout surrounding the ligktl. The inter-surfaces between are toughenedldolayer

glass, and light can travel into the spaces froentdip floor to the bottom floor. Subfloor level ojfrggs connecting
the light well and each floor are served in fouentations, so that fresh air coming from the pharfloor risen up
by wind or buoyancy effect can go into zones fartitation.
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Figure 2 a) Section view of building A; b) A typldioor plan view of building A

Four stacks are constructed around the perimetstrémgthen natural ventilation of the buildingachk stack is
linked to the three floors of its orientation vienstruction openings at the top of interface waltss intended that
the zone air coming in from the interior light wilw opening crosses the whole zone before leathingugh the
common stack. An air outlet facing the oppositeation of the orientation is remained at the tbgach stack.
With ventilation plenum floor, light well, and st&; the whole building has the ability of condugtioross
ventilation for both thermal and air quality purpesThe challenge from the analysis of geometty the sizing of
openings both in subfloor level and upper levelsrier to provide adequate ventilation air.

2.3 HVAC System Design
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Flgure 3 Schematlc dlagram for the integrated syste

Based on the provided building layout, a hybridtilation system which mainly relies on outside fair cooling in
summer and transitional season, and a hydrauliamtifloor heating system for heating in winter toée installed
in this building for advance energy performance iador air quality. Figure 3 illustrates the hybvientilation and
floor heating system integrated in the buildingfofced air mechanical ventilation system buildsugite layout of
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natural ventilation system, with outside air iniéaiced in the plenum. Air duct paved in the liggll connects to
the inlet vents at the bottom of each zone insiek for air distribution. By doing this, a pardlkr path layout for
natural and mechanical ventilation is configuredtbat a switch between them is easy and converiané

necessary. The air flow passes sequentially from Antil H to the outside as noted in Figure 3e Bystem supply
fan is chosen to have two speeds control, so thégtaflow rate is used in summer for both venitlatand passive
cooling, and a low one in winter for fresh air keaonly. No return air is needed in this designvasmentioned in
the previous section. An electric preheat coédsipped after the supply fan to warm up the mimmftesh air in

winter time, so that the air supplied through timeler floor diffusers won’t cause cold feeling. Tsere the air
from each side of light well inlets evenly distribs in the space, each floor is divided into foones and air is
supplied into the space from suspended floor plenlimtotal, 12 conditioned zones are involvedtie building.

For air distribution in each zone, slot diffusere applied separately in parallel to the walls. tSdle air coming
from the light well air path or mechanical vent thuis supplied into the space from the diffusers.

2.4 Hybrid Ventilation Control Strategy

A key to the success of the hybrid ventilation egstis using an effective ventilation and temperatcontrol
strategy. Temperature control mode is adopted ig kihilding for hybrid ventilation. All of the zofe operable
windows and doors are opened if Tzone > Tout armh&z Tset and Venting Availability Schedule (setot)
allows venting. Table 1 shows the setpoints fotihgacooling and ventilation.

Table 1: Hybrid ventilation control algorithms asetpoints

Item Specifics
Heating set point 1%C for unoccupied time, 2%C for occupied time
Cooling set point 30°C for unoccupied time, 22C for occupied time
Natural ventilation schedule availability: when side air temperature is between®5and 22C

To avoid wind from only passing through the vemsttee plenum floor, a dynamic and intelligent vegtidesign is
considered. The vent openings on four orientatafrtbe building will be decided based on real-tiwiad speed so
that proper cross ventilation through the wholdding is accomplished. No two vents on the opgosiientations
should open at the same time. For example, acaptdirthe local weather data, from May to Augusg #verage
and maximum outside air temperatures are higher ¢ider months in the year. The corresponding damiwind
directions are found to be North, West, South amdtiNvest. As a substitution to the advance ventrobrif
condition is constrained, the side of North and ¥as be open while the other two sides’ ventsecloSo that a
proper air pressure gradient in the horizontal eextical dimensions can be obtained without conapéd control
and switching. Vents and dampers are installedliothe openings mentioned in the previous sectiderefore,
the amount of air coming in and leaving out thelding can be achieved by modulating the opennddse vent
sizes are designed based on the air flow rate alodity.

Based on the control strategy described above,swliteh criteria between HVAC mechanical air looganatural
ventilation is when the natural ventilation is soffficient to remove the internal loads, mechdrsgatem will be
turned on to condition the space.

3. Computer Modeling Process

3.1CFD

CFD simulation is the thermal fluid simulation f&teady state conditions. From the weather dataysthe statistic
annual daily average wind speed is around 4m/sebtids condition, the natural ventilation floweds 38.4nYs,
which meets the healthy requirement 2#nfor the building. The indoor air speed distribntand mean air age for
the third floor are shown in Figure 4. The lightlMar supply opening area is first designed todgnt, which is
based on GenOpt program. However, the first flamrnot have a comfortable temperature distribufidren the
area of light well air supply opening area increasel2 M. The reason to use bigger ventilation area it fio®r is
that the stack effect works perfect in second &ird floors determined by CFD simulation, but tivstffloor inlet
velocity is low. In order to have relatively sanmaaunt quantity of air flow rate, the opening areatloe first floor
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should be bigger than the other two. Figure 5 shitnesair distribution in the light well section wewith adjusted
openings.

Velocity
mfs
9.57849
8.38118
7.18387
5.98656

4.78925

3.59193
2.39462
119731
0.000000

Figure 5 Air distribution in the light well sectionew

The air temperature distributions in second anddtfibor meet the requirement, the horizontal viefathem are
shown Figure 6 with the simulation condition: ouidair temp 28C and wind speed 4m/s.

Figure 6 Air distribution in the light well sectianew: a) Second floor temperature distribution; b)thiabf
temperature distribution

3.2 EnergyPlus

3.2.1 Geometry Modeling

The building geometry was built in DesignBuildefta@re. Figure 7 presents an overview of buildingTA ensure
the air from each side of light well inlets evedigtributes in the space, occupied space on eaohifi divided into
four zones with air walls as shown in Figure 8tdtal, 12 conditioned zones are involved in thdding.
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Figure 7 An overview of building A. Figure 8 A typical floor plan

3.2.2 Airflow Modeling in EnergyPlus

The main process in conducting ventilation simolaiin Energyplus is to specify and organize thdlaw crossing
zones in the group of air flow network. Relatednpeonents and parameters include simulation coritrdlyidual
zone, opening surface, duct work, system nodediakage. If only pure natural ventilation is deslr duct work,
system nodes or linkage is not needed.

Five different openings types are first definedairflow network for plenum floor vent, light wellpening, zone
inlet, zone outlet and stack outlet. Forty detadedfaces with vents are associated with the cporeging thermal
zones by entering in the class of surface. The ingsnzones, ducts and ventilation equipments rirgiated
together after the final linkage of all the nodesétted as shown in Figure 9.
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Figure 9 Airflow network linkage

4. Results and Discussion

4.1 Thermal Performance

All zones are investigated and found comfortabldoor air temperature throughout the year. Disadgaudus
zones from level 1 (Zone_1 1) and level 3 (Zone) 3ading the west are presented here. Figure 1&slsimilar
temperature fluctuation of the two zones during si@mtime on July 21. Both indoor dry bulb temperasuremain
in the comfort zone without any mechanical cooliigne_3_4 has a little time with temperature ov&P@ in the
late afternoon because of the solar radiation entbst facade. Although achieving thermal comfartiesign days
is not an issue, it would be very useful to explbosv many hours that indoor dry bulb temperatureeess the
resultant temperature during the most possiblerabtientilation period. The period occurs from JuoeAugust
according to the analysis of weather data. TakpeeBents the total hours that zone mean temperexgeeds dry
resultant temperature (DRT) during occupied petiidh the increasing of dry resultant temperattie,number of
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total hours decreases. Only 27 hours exceed€aBRT, which is much less than 1% of the occupiedrs. This
result demonstrates the concepts from pre-modedinglysis and assures the thermal comfort of thisritly
ventilation system. It also indicates that the gaick given in ASHRAE 62.1 should be revised tooohtice more
natural ventilation for low energy buildings. Filyalthe total energy consumption from traditionaA¥ system is
158,369 kWh/year, while Hybrid Ventilation is 1480rkWh/year, which saves around 12% of energy.
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Figure 10. Predicted outdoor dry bulb temperat@®RBT), indoor dry bulb temperature (IDBT) and meadiant
temperature (MRT) on July 21. in a). Zone level b) Zone level 3_4.

Table 2 Total hours that zone mean temperatureselscesultant temperature during occupied period

DRT (°C) June July August Total (Hrs)
25 209 129 82 420
26 126 67 51 244
27 62 32 26 120
28 17 10 0 27

4.2 Hybrid Ventilation Performance
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Figure 11 predicted airflow rate and dry bulb terapgre in both light well and a) zone_ 1 1 on Juhevithout
mechanical ventilation; b) zone_ 3_4 on July 2&wiight ventilation
(Zonelnlet: Zone inlet air flow rate, LWFlow: Lightell air flow rate)

CIBSE Guide B (2001) specifies the minimum freshraguirement for office building is 8 L/s/persamhich is

2.4m°/s if there are 300 persons (assumed maximum nunflaple on level 3). Figure 11.a shows the predict
airflow and dry bulb temperature in both light watld zone_1_1 on June 11, which has mechanicalatent off
the whole day. The indoor temperature reachesdhdort level with little variations during the dayhe light well
air flow rate is higher than 1.5%s on average, while the zone inlet air flow rataround 0.5 m3/s on average. This
meets the ventilation requirements by CIBSE. Oy 28, the mechanical ventilation in Zone_3 4 wasfiam
11:00am to 5:00pm because the outside conditignasl and natural ventilation is on. As shown igufé 11.b, the
light well air flow rate dropped from 1.8%s to 1.2 n¥s when the mechanical ventilation is off. This eskhe air
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flow rate to the space as low as 0.5¥swn average. It is within the requirements of 8#Bstandards. The space
temperature remains within the comfort range.

Table 3 describes a typical air flow features friaght well to each zone. The floor level total aitake is assumed
to be the sum of all four air inlets. They all sitithe CIBSE requirements. The spaces with laopenings have
larger airflow compared to other openings. With faene opening, larger internal heat gains have ronerate
because of a buoyancy driven flow regime.

Table 3 EnergyPlus results of airflow paths, frpering areas, heat gains, predicted air flow rates
Space Inlet type Outlet Free opening area Maximum Heat gains  Predictefibairrates
type Actual (nf) | % Floor ared| W W/ m/s Ach -1
Plenum | Ambient| Lightwell 9.6 1.5 - - - -
1*'floor | Lightwell Stack 9.6 1.6 29,500 50.1 25 5.3
2" floor | Lightwell Stack 4.8 0.8 13,030 22.1 15 3.0
3%floor | Lightwell Stack 4.8 0.8 20,710 35.2 2.0 4.01

5. CONCLUSION

This paper presents discussions, analysis andsdsuin a virtual building with proposed hybrid t#gtion system

and its control strategy. The weather data is erpldo help pre-modeling analysis and the followammputer
simulations. CFD simulations are conducted to stppkecisions on openings sizes and acceptable inlet
temperatures during different seasons. The pegoom of this virtual building is predicted usingegyPlus and

its latest airflow network modular, which couplegflaw with building energy simulation. The resukfow that
during the most possible natural ventilation seasoty 31% of the occupied time needs mechanicatitation,
while maintaining the indoor thermal comfort at 8&me time. In addition, from the results of CFBudation, the
bottom floor is warmer than the top floor. The eyeused by hybrid ventilation is also less thamlitranal full
HVAC system. The different exceeding hours of degultant temperature indicate that the guidancengin
ASHRAE 62.1 should be revised to encourage mongralatentilation for low energy buildings.
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