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Figure 7 Velocity vectors and contaminant distribution in TYPE 2 clean room model (4 
outlets & 4 inlets, source : point A) 
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Figure 8 Velocity vectors and contaminant distribution in TYPE 2 (simulation, source 
point B) 
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Figure 9 Velocity vectors and contaminant distribution in TYPE 2 (simulation, source 
point C) 
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Figure JO Velocity vectors and contaminant distribution in TYPE 2 (simulation, source : 
point D) 
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Figure 11 Contaminant distribution in TYPE 2 (simulation, source : uniform generation in 
whole room) 
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Figure 12 Velocity vectors and contaminant distribution in TYPE 3 clean room model 
(simulation, 6 outlets & 4 inlets, source : point A, B) 
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Figure 13 Velocity vectors and contaminant distribution in TYPE 3 (simulation, source : 
point C) 
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Figure 14 Velocity vectors and contaminant distribution in TYPE 3 (simulation, source 
point D) 
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Figure 15 Velocity vectors and contaminant distribution in TYPE 3 (simulation, source 
point E) 
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Figure 16 Contaminant distribution in TYPE 3 (simulation, source: uniform generation in the 
whole room) 
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Figure 17 Velocity vectors and contaminant dislribution in TYPE 4 clean room model 
(simulation, 9 outlets & 4 in/els, source : point A, C, E) 
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Figure 18 Comparison of contaminant distribution for various source points in TYPE 4 
(simulation. source : point B-E) 
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Figure 19 Contaminant distribution in TYPE 4 (simulation, source : uniform generation in 
whole room) 

491 



• 

DISCUSSION 

A. Fobelets, Research Assistant, John B. Pierce Foundation, New Haven, CT: In the discussion you implied that 
the turbulent Reynolds number and Peclet number are identical; this is not true in all situations. What assumptions 
have you made in this respect? 

S. Murakami: We assumed here that the turbulent Schmidt number equals one (see Table 2). If we deal with a 
problem such as heat transport, we should surely suppose that the turbulent Prandtl number is less than one. 
However, as we treat here the diffusion of a passive scalar contaminant, such as fine airborne particles or a gaseous 
substance, it is reasonable to suppose that the turbulent Schmidt number is almost one. Therefore, the turbulent 
Reynolds number and the Peclet number are identical. 

Fobelets: The same statement seems to imply that turbulent diffusion is negligible when compared to convection. I 
believe this fact to be true, at least away (more than 5 to 15 mm) from the walls. Why then do you retain the 
diffusion terms in your transport equations? 

Murakami: In the convection-dominated flow field treated here, turbulent diffusion plays a much smaller role than 
mean-flow convection in transporting the contaminant. Generally, turbulent diffusion is negligible when the 
turbulent Peclet number is sufficiently large. However, in a room, there are regions where the mean air velocity is 
low and the turbulent Peclet number is small. We cannot neglect the turhulent c1iffo~ion in such regions. 

Fobelets: I wonder if the Reynolds number defined in the duct flow (in the inlet) has any meaning within the room. 
Reynolds numbers can be derived from characteristic lengths anc1 velocities pertaining to the room flow. 

Murakami: I think you will agree with me on the fact that the supply air jet has a crucial influence on the behavior 
of room air flow. From this standpoint, we used the Reynolds number defined at the supply opening. Generally 
speaking, we can choose any characteristic lengths and velocities concerning room air flow to define the Reynolds 
number. It is easy to estimate another Reynolds number that is defined by a different representative scale. But the 
one that is defined at the supply outlet seems to be as valid as any other. I would like to ask you in return which is 
the most suitable length scale in the room. We cannot always deal with the same room shape. The room 
configuration might change from case to case. Even if you choose the ceiling height, you could encounter a case 
where the ceiling height varies in the room. I think the length scale of the supply opening is the most suitable one. 
We do not deal with a simple configuration, such as pipe or channel flow. Because we deal with the complicated 
shape of flow, the simplest definition of Reynolds number is appropriate. 

Fobelets: The model for experimental testing is based on Reynolds scaling, but the Reynolds number is computed in 
the inlet duct, not in the room. I suspect this is the reason there is good agreement between simulation and 
experiment. You have velocities of 6 m/s in a room that is about 0.5 min size (see work by P.V. Nielson (1973-
1981) also published in ASHRAE]. 

Murakami: I cannot understand your argument. As mentioned in the previous answer, any Reynolds number is 
easily translated into another Reynolds number if the definition of Reynolds number is clear. We did conduct the 
model experiment on the basis of the same definition of the Reynolds number in the experiment and in the actual 
geometry. If the Reynolds number defined in terms of the supply opening is identical for the full-scale and the 
model, the Reynolds number defined by another scale is also identical. 

The most important fact is that the flow in the room must be in a condition of asymptotic similarity with respect 
to Reynolds number; that is, the air flow must be fully turbulent, and we can neglect the molecular viscosity effect. 
The modeling used in this study assumes that the flow is fully turbulent. From this viewpoint we tested the 
Reynolds number effect in the model experiment by changing the supply air velocity, and we could not find any 
significant changes in the flow fi eld in the room . 
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C. Qingyan, Ph.D. Student, Delft Unhersity, Holland: You used the power law velocity profile; why don't you use 
the log-Jaw form? Normally, the generation of k in the boundary is in balance with the dissipation of k. Could 
you explain why you use (insert formula) but use sources for ? How did you get those boundary equations? 

Murakami: We agree with you that the log-law velocity profile is more consistent with the boundary condition for 
dissipation . There is no special reason for using the power-law rather than the log-fa.w. · · 

We would like to say, however, that the boundary condition used here is only one of a number of possible models 
for the boundary condition. We have obtained rather successful results in the past with t l).e -current practice. Also, 
we have confirmed that the result from the power-law boundary condition corresponds well to that from the log­
law. 

N. Nelson, Project Manager, CHZM Hill, Rexon, VA: What was the flow rate through th~ room? Did you test for 
different flow rates? What type of outlets were in the room and what was the outlet velocity? 

Murakami: T he a ir- exchange rate of the model clean room is in the range of 53 to 90 per hour. ln the model 
experiment, we made a prelimina ry tes t with one-sixth of the real ai r-exchange ra te fo r each model and we 
confirmed that, in this ra nge of air exchange, no change in the fl ow f ield can be observed. So it may be assumed 
that the ai r fl ow is f ully turbulent if the air-exchange ra te exceeds 10 per hour in th is situation. Outlets are single 
square openings. T he outlet jet ve loc ity in the model is 6 m/s. In the full- scale roo m, this va lue corresponds to 1 
m/s . 

493 


