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A Practical Application of Computer Modelling to a Building Atrium

Abstract

Computer modelling is becoming an everyday tool for the building services engineer
to ensure that a ventilation design will work early on in the development process. This
paper describes this process in relation to Novartis’ new office building in the UK. In
this case, airflow modelling was used to fine-tune a conceptual idea for the atrium air
conditioning. This influenced the solar shading incorporated into the architectural
design and allowed engineers to optimise the volume of air used and the location of
supply air terminals. Ultimately, this produced the most energy efficient and
comfortable design that was then taken through the detailed design and installed
within the building.

Introduction to the Entrance Atrium

The entrance atrium of the New Research Facility is a four-storey space with
occupied levels at ground floor level, second floor level and third floor level. An
unoccupied mezzanine level separates the ground floor and the first floor creating a
double height space to the underside of the first floor slab.

The south-west facing external wall is constructed of full height double glazing,
utilising a clear double glazing system. (See figure 1 below).



Figure 1: Isometric of Entrance Atrium

Design issues

The entrance atrium of the new Research facility at Horsham created both a series of
opportunities and a number of challenges for the interdisciplinary design team. Whilst
the aspirations for the space were contemporaneous with those for every atrium;

to be light,

to give a feeling of space,

to form a focal point for the building,

to invite both visitors and staff alike to the building,

to provide a pleasant environment for the ‘chance’ meeting,
to be a venue for informal, relaxed breakout activities

This particular atrium space faced one tremendous challenge; its primary facade was
orientated south-west, therefore not only did this fagade represent the key asset of the
atrium, but also the primary concem. That of permitting excessive quantities of solar
gain to enter the space.

Figure 2: Site plan



Occupancy within the entrance atrium was assessed to be predominantly transitory on
the ground floor, as the intended use of the space is to admit visitors to the building.
However, the ground floor of the atrium also provided an intermission area for a
ground floor auditorium, therefore providing accommodation for up to 200 occupants
for a short time scale. Occupancy in the upper floors of the atrium would be of
predominantly sedentary staff utilising the balconies as breakout areas for relaxation
and for the reading of journals.

Due to the nature of the intended occupancy outlined above, stringent thermal comfort
criteria were set in order to ensure that the atrium is perceived as a space that
produces a relaxed ambience. To this end, British Standard EN ISO 7730:1995' was
utilised to establish the thermal design criteria, as summarised below.

ISO 7730 Recommends that thermal design criteria are established such that no more
than 10% of the occupants express dissatisfaction due to thermal discomfort.
Furthermore, ISO 7730 identifies that for sedentary occupants wearing standard office
clothing, the following summertime intemal conditions are the optimum:

Room Air Temperature? 22.5£1.5°C

Mean radiant Temperature? 30.5°C

Mean Air Velocity less than 0.2 m/s

Relative Humidity 30% to 70%

Vertical Air Temperature Difference less than 3°C (0.1m to 1.1m)

The design challenge was identified as to provide a mechanical engineering solution
that delivered a high degree of thermal comfort whilst remaining in keeping with the
architectural vocabulary of the space and whilst minimising both capital and running
costs.

Note l: BS EN ISO 7730: 1995 Moderate Thermal Environments — Determination of the PMV and
PPD indices and specification of the conditions for thermal comfort.

Note 2 Room air temperature and mean radiant temperature are combined within BS EN ISO 7730 to
generate the operative temperature. The values given here combine to give the specified
operative temperature. Therefore, if the actual mean radiant temperature rises, then the
controlled air temperature should be lowered in order to maintain the same operative
temperature.



Design Process

The design team for this space easily identified with the issues at stake and rapidly
acknowledged that an acceptable design solution had to be developed by both the
mechanical and architectural designers as an interdisciplinary team.

In order to enable the design team to focus on the atrium, a sub-design team, or cluster
group, was established to tackle the design challenge. This cluster group consisted of
two architects, a mechanical engineer and a CFD engineer.

The first task for the cluster group was to agree a design process to follow to solve the
problem in hand (figure 3).

Figure 3 — Outline design process for the study



INTERNAL CLIMATE CONTROL STRATEGY

In order to efficiently and effectively control the intemal summertime environmental
conditions within the entrance atrium, two primary mechanisms were proposed.

The attenuation of the solar gain entering the space from the large area of south-west
facing glazing was identified as a primary objective as two substantial benefits could
be realised. Firstly, by reducing the amount of solar heat gain entering the entrance
space, the cooling capacity required to limit the summertime intemal air temperature
to an acceptable level is reduced, resulting in an energy efficient solution. Secondly,
by providing physical solar shading to the occupied space, the occurrence of direct
solar impingement on the occupants will be reduced, resulting in a higher degree of
occupant comfort at a given air temperature.

Reducing the solar gain entering the space alone will not be sufficient to provide
comfortable summertime conditions within the space. In order to achieve this goal, a
mechanical cooling system is required. Due to the height of the atrium space, a
displacement ventilation system was proposed as the obvious mechanism to condition
the internal climate throughout the year. With a displacement ventilation system,
conditioned supply air is introduced to the space at low velocity and at low level. The
supply air remains at low level and spreads across the floor to form a lake of fresh air
where it remains until it encounters a heat source such as a person or a hot window
when it is warmed. Once the supply air has been warmed, it expands (and becomes
less dense) and is pushed upwards by the cooler lake of fresh air below. In spaces
with a high ceiling, displacement ventilation provides a very effective method of
removing heat from the occupied zone.

BASE SCHEME DESIGN

In order to establish a benchmark against which altemative design solutions could be
ranked, a base scheme was designed.

The base scheme provided no solar shading and utilised a displacement ventilation
system sized upon steady state calculations.

A Dynamic Thermal Analysis programme was used to evaluate the Base Scheme. The
basis of the design information being preliminary steady state calculations and data
supplied by a displacement ventilation manufacturer.

The mechanical ventilation system was modelled by introducing 5.5m’/s of air to the
space at 22°C, and extracting 5.5n7/s of room air. Within the Dynamic Thermal
Analysis software, the atrium space is considered as one volume, and the room air
assumed to be perfectly mixed. Therefore, useful output from the simulation is
limited to a single hourly value for the space air temperature and a time dependent
plot of the intemal surface temperatures predicted for the design day. Figure 4 below
shows a perspective of the model whilst Figure 5 shows the intemal surface
temperatures predicted by the software.
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Figure 4: Internal surface temperatures predicted for the base case.

The peak internal bulk mean air temperature predicted for the design day was 35.6°C..
When considered alongside the predicted internal surface temperatures (rising to 40°C
in late afternoon), it can be seen that the preliminary indication, without the use of

CFD analysis is that the internal summertime temperatures are outside of the limits
defined above.




SOLAR SHADING STUDY

In order to assess the physical requirements for external shading, a desktop study was
completed which considered the times in the year when the sun would strike the
south-west facing glazing. Once the time incidence of solar gain had been
established, a second desktop study was carried out in order to assess the altitude of
the sun as it strikes the south-west glazing. Figure 5 below shows a summary of the
solar incidence and altitude study.
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Figure 5: Sun azimuth and altitude throughout the year.



Figure 6 below shows a number of cross sections of the entrance atrium, upon which
the incident sun paths have been plotted for the summer scenario throughout the day.

On each section, areas in direct sunlight are shown with red shading and areas that are

shaded by the sections are shown in blue shading. In order to assist the self-shading

of the structure, two in number extemal shading devices were added to the row of
extemmal columns. The shading provided by the extemal shading devices is shown in
each section with vertical hatching.
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Figure 6: Summertime Solar Penetration



Figure 7 below shows the equivalent plots for the spring and autumn scenarios. Red
shading indicates area in direct sunlight, blue shading indicated areas in shadow
produced by the structure, whilst vertical hatching indicates areas which are in the
shade of the extemal shading devices.

Figure 7: Spring/Autumn Solar Penetration

From the sections shown in figures 6 and 7, it can be seen that a significant portion of
the occupied zone on the second floor is subject to direct solar gain for a large amount
of aftemoon in the summer. In order to combat the high incidence of direct solar gain
to the second floor, a third exteral shade was proposed (figure 8 below).
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Fi lguré 8: Enhanced External Solar Shading.



ENHANCED MODEL SIMULATION

The enhanced extemal solar shading system was added to the Dynamic Thermal
Analysis geometry file of the base case. The model was then solved against the same
weather data as before. Figure 9 below shows the simulation results of the simulation.
The peak intermal bulk mean air temperature predicted for the design day was 24.5°C..
The simulations assumed that a clear-clear double glazing system was used.
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Figure 9: Internal Surface Temperatures Predicted for the Enhanced model

CFD SIMULATION OF SHADED DESIGN

Given a fixed extemnal solar shading scheme which produces an acceptable bulk mean
air temperature, the remaining design development focussed on producing a
displacement ventilation scheme which utilises the minimum amount of fresh air
whilst maintaining acceptable thermal conditions within the occupied areas.

The Airflow modelling software tool was utilised to firstly assess the conditions
maintained by the displacement ventilation scheme designed using steady state
calculations and advice from a displacement ventilation manufacturer. The second



task for the software tool was to simulate modifications to the initial ventilation
system.

INITIAL DISPLACEMENT VENTILATION SCHEME

Figure 10 below shows an isometric picture of the geometry of the preliminary
scheme as modelled.

Treated supply air is introduced to the space at ground floor and first floor levels via
displacement ventilation terminals and on the second floor via mixing slot diffusers
(Table 1). A total of 5492 Vs is supplied to the space, which is equivalent to
approximately 3.5 ACH.

Supply air point

Figure 10: CFD Model of Base Scheme.



Diffuser Reference Location Type Air Flow Rate

Each

1-138 Ground Floor Under Floor 20 /s
Displacement

139-147 Second Floor Wall Mounted 244 1/s
Displacement

148-149 Third Floor Ceiling Mounted 390 s

Slot

Notes: (i) Diffusers 1 to 138 modelled as two in number under floor slots with the
same discharge characteristics as 138 individual units.

Table 1: Base Scheme Schedule of Supply Air Diffusers

It is important to note that the airflow modelling simulation of the base scheme was
for the initial design, utilising the results of the dynamic thermal analysis run without
external solar shading.

The boundary conditions for the airflow modelling were taken from the solved
dynamic thermal analysis model. The intermal surface temperatures occurring at the
hour of the peak intemal bulk mean air temperature were read from the dynamic
thermal analysis results and directly entered as the input data for the steady state
airflow modelling simulation.

As the dynamic simulation takes into account the radiant heat exchanges from all
sources (solar and intemal), the radiant heat exchanges did not require re-solving by
the airflow modelling software.

The format selected for the boundary conditions was internal surface temperatures.
The rationale behind this approach is that while the dynamic simulation takes into
account all heat exchanges and the effect of the thermal storage capabilities of the
building materials, the airflow modelling simulation does not calculate the time
dependant thermal storage effects of the building materials. Therefore, as the intemal
surface temperatures were translated from the dynamic model to the steady state
airflow model, a true steady state snapshot of the radiant heat exchanges was entered
in the steady state convective simulation by the airflow modelling software.

Figure 11 below shows a cross-section of the entrance atrium taken approximately 13
metres from the south west facing glazing. Upon the section, the simulated
temperature profile has been superimposed.
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Figure 11: Base Scheme Temperature Profile.

From inspection of figure 9, it can be seen that the predicted air temperature on the
ground floor is in the range of 23°C to 26°C. The temperature on the second floor is
in the range of 26°C to 30°C. The temperature on the third floor is in the range of
26°C to 32°C. In order to assess the effect that the temperature stratification system
has on the thermal comfort conditions experienced in the occupied zones, three
arbitrary positions have been selected on each floor. Table 2 below shows the
Percentage Persons Dissatisfied for each location, as set out in BS EN 7730".

Air
Floor Location | Temperature | Air Velocity PPD %
°C n/'s
Ground A 24 0.1 83.9
Ground B 24 0.15 76.3
Ground C 24 0.2 64.8
Second A 29 0.1 99.7
Second B 28 0.2 96.1
Second C 27 0.25 87.7
Third A 32 0.1 100
Third B 26 0.2 85
Third C 26 0.25 78.7
Note: In all cases Clothing Ensemble = 0.61 Clo, Metabolic Rate = 1.0 met,
Extermal Work = 0 met, Mean Radiant Temperature = 40°C and
Relative Humidity = 50%.

Table 2: PPD for Preliminary Scheme



It can be observed from the predicted comfort levels that the established comfort
criteria are not being maintained. The unacceptable predicted comfort levels reinforce
the poor performance of the base model as predicted by the dynamic thermal analysis
study and, as such, it was recommended that this option be rejected.

6.2 Revised Displacement Ventilation Scheme

In order to bring the predicted comfort conditions on the first and second floor spaces
into specification amendments to the preliminary scheme were simulated.

Figure 12 below shows an isometric picture of the geometry of the revised scheme as
modelled. A revision cloud identifies modifications from the preliminary scheme on
Figure 10.

Table 3 below identifies the location of below identifies the location of each supply
air terminal, along with the volume of air supplied in each instance. The total volume
of air supplied to the entrance atrium is 3259 I/s, which is equivalent to approximately
2 ACH.

Supply air point

Figure 12: CFD Model of the Revised Scheme.




Diffuser Reference Location Type Air Flow Rate

1-2 Ground Floor Wall Mounted 400 Us
Displacement

3 Ground Floor Wall Mounted 800 /s
Displacement

4 Mezzanine Wall Mounted 200 Us
Displacement

5 Second Floor Wall Mounted 480 Us
Displacement

6 Second Floor Wall Mounted 160 Us
Displacement

7 Third Floor Wall Mounted 560 l/s
Displacement

8 Third Floor Wall Mounted 190 Us
Displacement

Table 3: Revised Scheme Schedule of Supply Air Diffusers

Figure 13 below shows a cross-section of the revised simulation taken along the same
section as that in figure 11 above. Predicted temperature profiles are superimposed

over the section.

Figure 13: Revised Scheme Temperature Profile.




From inspection of figure 11, it can be seen that the predicted air temperature for the
ground floor is in the range of 22°C to 22°C, while that for the first floor is in the
range of 20°C to 22.0°C and that for the second floor is in the range of 21°C to
22.0°C. Additionally, when cross-checking the predicted temperatures in the
unoccupied volume of the space, it can be seen that higher temperatures are indicated.

Again considering the impact upon predicted thermal comfort conditions; Percentage
Persons Dissatisfied values are shown in Table 4 below for the nine arbitrary
locations shown in figures 11 and 13 above.

Air
Floor Location Temperature Air Velocity PPD %
°C m/s
Ground A 22 0.1 6.5
Ground B 21.5 0.15 5.0
Ground C 21.5 0.2 6.3
Second A 22 0.1 6.5
Second B 21 0.1 5.1
Second C 20 0.15 7.2
Third A 23 0.1 9.8
Third B 22 0.15 5.1
Third C 21 0.15 53

Note: In all cases Clothing Ensemble =0.61 Clo, Metabolic Rate = 1.0 met,
Extermal Work = 0 met, Mean Radiant Temperature = 31.2°C and
Relative Humidity = 50%.

Table 4: PPD for Revised Scheme.

From inspection of the PPD column in Table 4, it can be seen that the predicted
Percentage of Persons Dissatisfied is, without exception, below 10% therefore
satisfying the comfort criteria established for the project. As such, it was
recommended that the design development simulated be adopted in the detailed
design.

Conclusions

By utilising advanced computational design tools as an integrated part of the design
process, the design team was able to benefit in a number of areas:

e Provide an interdisciplinary design solution

e Improve comfort conditions for occupants

e Reduce supply air volume (with capital and running cost savings)

e Replace solar performance glass with extemal solar shading (improving the
outlook for the occupants)

e Communicate design options clearly to project team members

e Analyse the benefit of design options quantitatively and qualitatively




Where possible, these benefits are quantified below:

e The average summertime PPD in the occupied space was reduced from over 85%
to below 7%

e The design air volume supplied to the space was reduced from 5.492nr'/s to
3.259m’/s (by 40%)

e The cost saving in the mechanical systems installation was £25,000

e The additional design time cost to complete the analyses was £9,500

e life cycle cost saving — over a 25 year life cycle, a predicted saving of £204,150

In order to help to provide feedback on the accuracy of the Airflow Modelling aspect
of this project, it is intended to attend the site post commissioning in order to perform

smoke tests of the space. It is hoped that these tests will be completed for inclusion in
the presentation at Conference.



