MODELING OF NATURAL VENTILATION SYSTEMS IN BUILDINGS USING ENERGYPLUS SOFTWARE
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Abstract: Concern about global warming in recent years has led to increased interest in buildings natural ventilation, which is consistent with the concepts of sustainable development and green energy. As the buildings consume a significant part of energy, it is necessary to investigate all aspects of energy consumption, and considerable attention is given to natural ventilation. The indoor air flow in a building depends of the position of the building, the size and location of windows and doors, and the prevailing winds that can dramatically change the direction of air flow inside the building. This paper presents a method of modeling the of natural ventilation system in buildings by using EnergyPlus software. One illustrative example is provided.
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Rezime: Briga o globalnom zagrevanju poslednjih godina je dovela do porasta interesovanja za prirodnom ventilacijom u zgradama, što je u skladu sa konceptima održivog razvoja i zelene energije. Obzirom da se u zgradama troši značajan deo energije, neophodno je istražiti sve aspekte potrošnje energije, pa se značajna pažnja posvećuje prirodnoj ventilaciji. Na tokove vazduha unutar prostorija jedne zgrade utiče sam položaj zgrade, veličina i lokacija prozora i vrata, ali i preovlađujući vetrovi koji mogu bitno promeniti pravce strujanja vazduha unutar zgrade. U radu je predstavljen način modeliranja sistema prirodne ventilacije u zgradama korišćenjem softvera EnergyPlus. Dat je i jedan ilustrativan primer.
Ključne reči: prirodna ventilacija, zgrade, softver EnergyPlus.


1. INTRODUCTION
Natural ventilation is a well-known technique from ancient times, and it was used in buildings as early as 3000 BC to control thermal comfort and indoor environment of residential spaces. Natural ventilation has the potential to reduce energy consumption and operating costs compared with mechanical ventilation. 
Natural ventilation is the process of supplying and removing air through an indoor space by natural means, without the use of a fan or other mechanical system. There are two types of natural ventilation occurring in buildings: stack ventilation and wind driven ventilation. The pressures generated by buoyancy, also known as 'the stack effect', are quite low (typical values: 0.3 Pa to 3 Pa) while wind pressures are usually far greater (~1 Pa to 35 Pa). The majority of buildings employing natural ventilation rely primarily on wind driven ventilation.  
Wind driven ventilation design in buildings provides ventilation to occupants using the least amount of resources. By utilizing the design of the building, wind driven ventilation takes advantage of the natural passage of air without the need for high energy consuming equipment. Wind catchers are able to aid wind driven ventilation by directing air in and out of buildings.
Stack effect is temperature induced. When there is a temperature difference between two adjoining volumes of air the warmer air will have lower density and be more buoyant thus will rise above the cold air creating an upward air stream. Forced stack effect in a building takes place in a traditional fire place. Passive stack ventilators are common in most bathrooms and other type of spaces without direct access to the outdoors. In order for a building to be ventilated adequately via stack effect the inside and outside temperatures must be different so that warmer indoor air rises and escapes the building at higher apertures, while colder, denser air from the exterior enters the building through lower level openings. 
The most efficient design for a natural ventilation building should implement both types of ventilation. Natural ventilation in buildings relies mostly in wind pressure differences but stack effect can augment this type of ventilation and partly restore air flow rates during hot days. Stack ventilation can be implemented in ways that air inflow in the building does not rely solely on wind direction. In this respect it may provide improved air quality in some types of polluted environments such as cities [1]. Wind can augment the stack effect but also reduce its effect depending on its speed, direction and the design of air inlets and outlets. Therefore prevailing winds must be taken into account when designing for stack effect ventilation.
Most often natural ventilation is assured through operable windows. Natural ventilation involves harnessing naturally available forces to supply and removing air through an enclosed space. Natural ventilation is generally impractical for larger buildings, as they tend to be large, sealed and climate controlled specifically by HVAC systems. Both are examples of passive engineering and have applications in renewable energy.
It can be noted that if natural ventilation is apparently the simplest and cheapest option to cool the building, it is also the most difficult to control, since the driving forces, and thus the air flow rates, vary constantly with the weather. To be successful, the ventilation must be planned and not “just happen”. Its importance must be recognized at the initial stages of the design process, before decisions are made which might make it unworkable.
The building envelope itself is a critical component of the ventilation system. Orientation can influence the cooling load. Solar shading can save on the cooling load. And feasibility of natural ventilation for cooling will depend on internal gains! The shape of a building influences the ventilation characteristics by its height, influencing stack effect ventilation, and its shape in relation to the prevailing wind speed and direction which affects wind-induced ventilation. Wind pressures may oppose or assist buoyancy forces resulting, at times, in reversal of intended flows. More, the relation of the new building to surrounding buildings affects the wind pressure distribution over the building shell and therefore the ventilation rate. The type, size, shape and location of the window apertures have to be very well studied [2]. 
In most cases, adequate ventilation can provide good indoor air quality (IAQ), but the indoor temperature and relative humidity have an important effect on comfort and IAQ as well. Recent research has shown that occupants in naturally ventilated buildings adapt to their environment and can accept (and, in fact, prefer) a larger range of indoor temperature [3]. During cold weather, occupants of naturally ventilated buildings accept cooler indoor temperatures and during hot weather, they accept warmer indoor temperatures. Therefore, there is strong evidence that naturally ventilated buildings can provide acceptable IAQ and comfort, while greatly reducing energy consumption. 
This paper represent natural ventilation system in the buildings, and their modeling using EnergyPlus software.  
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2. SIMULATION SOFTWARE - ENERGYPLUS
Simulation software EnergyPlus (Version 6.0) was used in this paper to analyze natural ventilation in buildings. EnergyPlus software is developed in 1996 at the Lawrence Berkley Laboratory in USA [4]. EnergyPlus has its roots in BLAST and DOE–2 programs, both developed and released in the late 1970s and early 1980s as energy and load simulation tools. 
EnergyPlus is a modular simulation program designed to model the performance, energy consumption and pollutant production of a building. Other simulation features of this software include variable time steps and user defined input and output data structures. The software has been tested using the IEA HVAC BESTEST E100-E200 series of tests [5]. 
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3. MATHEMATICAL MODEL
3.1 EnergyPlus Model for natural ventilation 
EnergyPlus contains two models for natural ventilation. The “Design Flow Rate” model is accessed through the ZoneVentilation:DesignFlowRate object and is based on environmental conditions modifying a design flow rate. The “Wind and Stack with Open Area” model, based on equations defined in ASHRAE Handbook of Fundamentals [4], is accessed using the ZoneVentilation:WindandStackOpenArea input object. These two ventilation objects can be used alone or in combination to determine ventilation air for a zone. If multiple ZoneVentilation:* objects are specified for a zone, then the total zone ventilation flow rate is the sum of the ventilation air flow rates calculated by each ZoneVentilation object. 
By using Energyplus software to modeling the natural ventilation, we can calculate zone ventilation sensible (latent) heat loss and gain, total heat loss and gain, zone ventilation volume flow rate, zone ventilation volume current density, zone ventilation mass, zone ventilation air change rate, zone ventilation fan electric consumption and zone ventilation inlet air temperature. 
[image: ]
Figure 1 - Simplified natural ventilation system in house
Figure 1 shows a simplified house store with possible air flow pattern, in which all of the windows and doors are open [4]. There are three thermal zones, Zone 1, Zone 2 and Zone 3. There are openable exterior windows - Window 1, Window 2 and Window 3, and openable interior doors - Door12 and Door23. Two External Nodes are indicated. External Node 1 is associated with the façade that contains Window 1 and Window 2. External Node 2 is associated with the façade containing Window 3. The actual air flow pattern in a particular time step, and the size of the flows, depends on many factors, such as: What is the wind pressure distribution seen by the exterior windows? Are the exterior windows open or closed, and if open, how far are they open? Are the interior doors open or closed? What are the air temperature differences between zones and between zones and the outdoor air?
The Airflow Network model calculates the flows each system time step depending on various factors, including wind direction and speed, size and vertical position of openings, outdoor air temperature, and zone air temperatures.
The weather data are uses from EnergyPlus`s own data base with weather files. This files have hourly or sub-hourly data: dry-bulb temperature, dew-bulb temperature, relative humidity, barometric pressure, wind direction, wind speed, rain, snow etc.
3.2 Ventilation Design Flow Rate 
Ventilation is the purposeful flow of air from the outdoor environment directly into a thermal zone in order to provide some amount of nonmechanical cooling. Ventilation as specified by this input syntax is intended to model “simple” ventilation as opposed to the more detailed ventilation investigations that can be performed with the AirflowNetwork model. Zone ventilation, as specified via this input object, can be controlled by a schedule and through the specification of minimum, maximum and delta temperatures as described below. 
The temperatures can be either single constant values for the entire simulation or schedules which can vary over time. Specific details are given in the Input/Output reference document [6]. The actual flow rate of ventilation can be modified by the temperature difference between the inside and outside environment and the wind speed. The basic equation used to calculate ventilation using this model is:


where Vdesign= maximum design volume flow rate (m3/s), Fschedule= Open area fraction (user-defined schedule value, dimensionless), A, B, C = EnergyPlus models constants (-), Tzone=zone temperature (K), Todb= local outdoor dry-bulb temperature (K), WindSpeed= local outdoor wind speed (m/s).
The local outdoor dry-bulb temperature used in the above basic equation (Todb) is typically a function of the height of the zone centroid above ground. The corresponding zone name is given in the second field. The local outdoor wind speed used in the above basic equation (WindSpeed) is also a function of the height of the zone centroid above ground. When the value of the Wind Speed is equal to 0.0, the local wind speed is always equal to the wind speed given in the weather data and will not be dependent on zone centroid height. 
One or more ventilation objects can be defined for each zone, and the resulting ventilation rate for the zone will simply be the summation of the flow rates specified by the ventilation objects. More advanced ventilation calculations are possible using the EnergyPlus AirflowNetwork model.
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3.3 Ventilation by Wind and Stack with Open Area
For this model, the ventilation air flow rate is a function of wind speed and thermal stack effect, along with the area of the opening being modeled. This model is intended for simplified ventilation calculations as opposed to the more detailed ventilation investigations that can be performed with the AirflowNetwork model. Using the “Wind and Stack with Open Area” model, the natural ventilation flow rate can be controlled by a multiplier fraction schedule applied to the user-defined opening area and through the specification of minimum, maximum and delta temperatures. The temperatures can be either single constant values for the entire simulation or schedules which can vary over time. The equation used to calculate the ventilation rate driven by wind is:


where Qw = Volumetric air flow rate driven by wind (m3/s), Cw =  Opening effectiveness (-),  Aopening = Opening area (m2), Fschedule= Open area fraction (user-defined schedule value, dimensionless), V = local wind speed (m/s).
The equation used for calculating the ventilation rate due to stack effect is: 


where QS = Volumetric air flow rate due to stack effect (m3/s), CD =  Discharge coefficient for opening (-),  Aopening = Opening area (m2), Fschedule = Open area fraction (user-defined schedule value, dimensionless), ΔHNPL= Height from midpoint of lower opening to the neutral pressure level (m), Tzone = zone temperature (K), Todb = local outdoor dry-bulb temperature (K).
The total ventilation rate calculated by this model is the quadrature sum of the wind and stack air flow components:




4. RESULTS AND DISCUSION

[image: ]
Figure 2 – Modeled residential house
Natural ventilation is modeled by EnergyPlus software. The example of the simulation of natural ventilation is shown for a house in Fig.2. The house consists of living room, two bedrooms, kitchen, bathroom, and two anterooms. The house is designed with possibility for later installation of PV panels and solar collectors on the roof. The house location is in Belgrade, Serbia, so the weather file used in simulation is for Belgrade, Serbia. 
Figure 3 represents the outdoor dry bulb temperature and wind speed in environment for August.

[image: ]

Fig.3. Outdoor dry bulb temperature and wind speed in environment for August

Figure 4 represent the sensible heat gain due to natural ventilation in the entire house, calculated by EnergyPlus during August. This value is calculated for each time step when the outdoor dry-bulb temperature is higher than the zone temperature; otherwise, the sensible heat gain is set to 0. The sensible heat gain has the highest values during the first days of August as there are the highest values of temperature during this period as it is shown in Fig.3.  
[image: ]

Figure 4 –Hourly sensible heat gain in the entire house due to natural ventilation, calculated by EnergyPlus during August 

Figure 5 represents the outdoor dry bulb temperature and wind speed in environment for November.
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Fig.5. Outdoor dry bulb temperature and wind speed in environment for November

Figure 6 represents the sensible heat loss due to natural ventilation, calculated by EnergyPlus 
during November. The highest values of sensible heat gain are during the final days of November when the outdoor dry bulb temperature has the lowest values according to Fig.5.
[image: ]
Figure 6 –Hourly sensible heat loss in the entire house due to natural ventilation, calculated by EnergyPlus during November 
Figure 7 represents the air change rate per hour by natural ventilation, calculated for 1st November. The values are presented for each room of the house. It is found that the highest air change rate is for anteroom 2 at the second floor, and the smallest air change rates are for bathroom and anteroom at the first floor.  
[image: ]
Figure 7 –Hourly air change rate due to natural ventilation, calculated by EnergyPlus during 1st November in different rooms 
5. CONCLUSION
This paper represents the modeling of natural ventilation in commercial and residential buildings by EnergyPlus software. This software has great capabilities for modeling buildings energy behavior. Using EnergyPlus for modeling natural ventilation, the energy used for ventilation and space heating can be reduced by varying different factors. 
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the above AirfowNetwork objects. There are three thermal zones, Zone-1, Zone-2 and Zone-
3. There are openable exterior windows—Window-1, Window-2 and Window-3—and
openable interior doors—Door-12 and Door-23. Two Extemal Nodes are indicated
ExtemalNode-1 is associated with the fagade that contains Window-1 and Window-2.
ExtemalNode-2 is associated with the fagade containing Window-3.

One possible air flow patiem is shown in this figure. The actual air flow pattem in a particular
timestep, and the size of the flows, depends on many factors, such as (1) What s the wind
pressure distribution seen by the exterior windows? (2) Are the exterior windows open or
closed, and if open, how far are they open? (3) Are the interior doors open or closed? (4)
What are the air temperature differences between zones and between zones and the outdoor
air (which affect buoyancy flows)?

@ ExtemaiNode-t
Window2

)

@ ExtemalNode2

Window-3

Figure 79. Plan view of a simple air flow network showing a possible ai flow pattern in which allof the.

Documentation

‘Windows and doors are open.

Figure 79 shows a possible air flow pattem in which all of the windows and doors are open.
Associated with the external nodes are wind pressure cosfficient distributions as a function of
wind direction that are input using two AirflowNetworkcMulizone-Wind Pressure Coefficient
objects. The nature of the air flows through the windows and doors is specified sing
AirfowNetwork:MutiZone:Component DetailedOpening and
AiflowNetwork: MultiZone:Component SimpleOpening objects. The Airflow Network model
calculates the flows each system tmestep depending on various factors, including wind
direction and speed, size and vertical position of openings, outdoor air temperature, and zone.
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