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08
Indoor Applications

28 29

I am just talking about different applications of CFD right now. I will go back

and forth between indoor and outdoor. Here are some indoor applications of CFD.

It can be used to study natural ventilation and night cooling, double-skin fa�ades,

ceiling cooling panels and slab cooling or heating and displacement ventilation—

all kind of different mechanical systems.

Here is the David L. Lawrence Convention Center in Pittsburg, Pennsylvania

(Figure 28). We have a very nice shell roof that imitates the slope of the bridges. It

is a huge space (Figure 29). One interesting thing is that they use natural ventilation.

I look at the plan what they are doing inside; they are using natural ventilation and

natural light. I always take my students to see and admire what they have done

there. The natural ventilation was designed and planned with CFD computational

results. Of course, the results have assisted natural ventilation, which means they

are using the regular HVAC system from time to time, but their main cooling capacity,

especially in spring or fall, can definitely rely on natural ventilation. So, this is a

relatively new concept because we believe that natural ventilation is only suitable
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for apartment buildings. This project has shown that even a large building such as

a convention center, can be properly designed to utilize natural ventilation.

This is what I was really talking about. If you have airflow simulation, you

can look into apartment buildings. This is an apartment building that is actually

built in Shanghai, China (Figure 30). I actually worked on this together with an

architect. We design the distribution of different rooms such as kitchens, bathrooms

and balconies based on the wind coming from this window. This is the more

traditional work of natural ventilation and CFD.

Double-skin fa�ade (Figure 31); you basically have 2 pieces of parallel

glass. This is one layer of glass and you have inside another layer of glass. You

can use the wind to go through this or you can help it with a little fan. You can

actually cool down the building and take some of the solar load off before it comes

inside the building. I am just thinking that you have such a pretty high wind here;

this double skin fa�ade could probably work in Thailand. This is the Helicon Building

at Finsbury Pavement in London. We are still struggling to convince the owners of

the buildings to install systems like this one.
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Cooled ceiling (Figure 32); I would definitely not recommend this in Thailand,

but it is very popular in Europe and in the US if you are retrofitting buildings. Instead

of the dropped ceiling, you can use a panel with cold water. So, it does not take as

much space as an HVAC system does. You send cold water there and its radiation

actually cools down the space. The reason why it could not work in Thailand is that

the cold surface would have lot of condensation because you have a very humid

climate. The system is pretty successful in climate that has less humidity.

This is something that I would like to show you in a little bit more detail. I do

not know if you have heard of displacement ventilation. A standard mixing diffuser

would produce a kind of drought, like when you feel the cold air going around your

body. If you sit here, you cannot go anywhere. You have to suffer with drought for

several hours, which is not very pleasant. So, this displacement ventilation is a

system that mimics natural ventilation (Figure 33). Here are the diffuser, the human

simulator, some furniture, computer, lighting system and outlets. Here is also a

window like that of typical office space.
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Displacement ventilation is basically composed of a huge perforated plate.

It is just a plate sitting here on the floor, and it works like an opened window when

the weather is calm and the outdoor air is slightly cooler than that inside of your

house. That is what displacement ventilation is all about. It is just a very slow

velocity, sending the air that is slightly cooler than your environment. It can be very

pleasant for the occupants. What happens is that the particles of air go around and

go immediately to the exhaust so there is no mixing of different pollutions (Figure

34). If this thing, a computer, is producing some kind of pollutant, you know where

it goes, and it goes directly to the exhaust. So, the system is fairly popular because

it takes contaminants directly to the exhaust.
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Here is an observed airflow pattern in an environmental chamber (Figure

35, top), the one that I had shown to you previously. And here is the CFD result for

velocity (bottom). Basically when we compare this observed with calculations and

we look at the details, we have got exactly the same result.

Here is the temperature with the displacement ventilation (Figure 36). You

can see here at the floor level, you have around 22�C. 24�C is where occupants

are. It is 26�C at the ceiling and it crumbles to 30-36�C if you have a high ceiling. It

is a suitable system for atria. You can save a lot of energy if you use displacement

ventilation because it promotes natural stratification, which would happen even
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with the low wind and natural ventilation. That is why I compare displacement

ventilation with an opened window. And of course, where it is very close to the

diffuser, you have a very low velocity and basically should not spend too much time

there.

We look at something called Percentage of People Dissatisfied (PPD)

(Figure 37).  This is the percentage of people who would be unhappy in that

environment. It is from a perspective of thermal comfort. If you look at the numbers

that I have here, basically these are really good numbers except here where you

have 32 percent. 20 percent is acceptable and considered to be a very good design.

If you have 20 percent of PPD and below, you have made a very good design. You

see that the lowest number here is 5 percent of people who will be unhappy no

matter what I do with my system. Have you been aware of that? Did you get an

evaluation of your work? We do the evaluation for teaching. No matter what I have

done in my teaching, there always are portions of students who are very unhappy

with my course. I stop worrying after I have been learning about this factor. This is

based on extensive statistical analysis, so no matter what you do, you will always

have people that are unhappy with your building. And that is fine; let them be, as

long as the greatest majority is very happy with the design.

As you have seen a little bit of airflow simulation and contaminant simulation

around those campus buildings, you can look inside a specific place. You can look

if the contaminant comes from windows and outside or from other source 2 and 1

that I have here (Figure 38). This is actually a military command center, where you

have a corridor in between and two offices with people inside. You have a copy

machine, computers and so on. I have a source of contamination underneath the

desktop of a poor guy over here and I also have a source of contamination in this

corridor. We look at the concentration levels at the breathing plane, which is

approximately 1.2 meters from the floor area.

This is an HVAC system with displacement ventilation. The CFD result

shows that the high level of concentration is impacting this person, because he is

too close to source 1. The contaminant actually goes around the entire building. It
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is spreading around and unfortunately, the HVAC system works undisturbed, but

the people are gone. And the more time goes by, the air will be cleaner because

the air-conditioning system is working on cleaning the building.

Can we improve the design in such a way that our air-conditioned system

helps protect the building? We did something called ‘Emergency Air Supply (EAS)’

exhaust system (Figure 39). It is an additional HVAC system, which is an additional

expense to your building. But trust me if you try to protect important buildings, the

owners are willing to throw in the money. We have here the additional system; you

can see the displacement ventilation, my original exhaust and my original diffuser.

Again, we can see how this system works.  We run another CFD simulation

demonstrating the same scenario for source 1 and 2. The system is now doing a

pretty good job by trying to help the building’s occupants. It is completely safe

around most areas. For the person who is too close to the source, it is not very

worthwhile designing the system for. But for the rest of the occupants, it is very

effective. We use CFD actually to define the flow rate, so you can do the very neat

thing with CFD.

This is some conclusion for this particular simulation. Without emergency

air supply, the chemical and biological agents can spread easily around the building.

In fact, the corridor works as a duct for the HVAC system. It spreads the

contamination throughout the building so the corridor is the weakest point of the

building. When you evacuate, where will you go? The first place to the outside of

the building is definitely the corridor. What we prove with this simulation is that it is

the worst place to go to.

Questions that are answered through this type of simulation are: how fast

will different chemical and biological agents be distributed to space? How many

sensors are enough to detect chemical and biological agents in time and how to

set them up effectively? And is it possible to isolate contaminated air in specific

zones of a building? All of these answers can help design better buildings.
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