
ME 405 Fall 2006 Professor John M. Cimbala Lecture 21 10/25/2006 
 

Today, we will: 
 

• Briefly discuss Partially Mixed Conditions in Section 5.7 
• Discuss The Well-Mixed Model as an Experimental Tool in Section 5.8 
• Discuss Clean Rooms in Section 5.9 
• Do an example problem – Clean rooms (Example 5.10 in text)  
• Discuss Infiltration in Section 5.10 
• Do an example problem – The Professor’s office (Example 5.11 in text)  

 
 
 
 
 
 
 



Example 
Given: The room shown, with clean air supplied, and a room air cleaner running. 
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To do: Derive an expression for the efficiency of the air cleaner. 
 

Solution: 
 
 
 
 



Section 5.9: Clean Rooms 
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Figure 5.11 Clean rooms: (a) vertical laminar-flow, (b) horizontal laminar-flow, (c) tunnel 
laminar-flow, (d) tabletop tunnel laminar-flow, (e) island laminar-flow, and (f) 
unitary work station (miniature) (from Canon Communications, 1987). 



 
Table 5.2 Clean room class limits; maximum permissible cnumber in English and SI units; 

bold cnumber indicates number concentration on which the corresponding bold class 
name is based (abstracted from ASHRAE HVAC Applications Handbook, 1999.) 

 
class name Dp ≥ 0.1 μm Dp ≥ 0.2 μm Dp ≥ 0.5 μm Dp ≥ 5 μm 

SI English #/m3 #/ft3 #/m3 #/ft3 #/m3 #/ft3 #/m3 #/ft3

M1  350 9.9 75.0 2.14 101 0.283 - -
M1.5 1 1240 35 265 7.5 35.3 1 - -
M2  3500 99.1 757 21.4 102 2.83 - -
M2.5 10 12400 350 2650 75.0 353 10 - -
M3  35000 991 7570 214 103 28.3 - -
M3.5 100 - - 26500 750 3530 100 - -
M4  - - 75700 2140 104 283 - -
M4.5 1000 - - - - 35300 1000 247 7.00
M5  - - - - 105 2830 618 17.5
M5.5 10000 - - - - 353000 10000 2470 70.0
M6  - - - - 106 28300 6180 175
M6.5 100000 - - - - 3530000 100000 24700 700
M7  - - - - 107 283000 61800 1750

 
 
 
 
 
 
 
 
 
 



Example (Example 5.10 in text – Time to Achieve Clean Room Conditions) 
Given: A clean room with the ventilation system shown, 
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and with the following specifications: 

- η1 = 98.%, η2 = 98.% (air cleaner efficiencies) 
- f = 0.050 (fresh make-up air fraction) 
- ca = 103 particles/m3 (particle concentration in the ambient make-up air)  
- Dp = 1.0 μm (particle size of concern) 
- Qs = 20. m3/min (supply ventilation rate into the clean room) 
- S = 300 particles/min (particle emission rate within the clean room) 
- V = 300 m3 (volume of the clean room) 

- As = 320 m2 (total surface area of the clean room) 
- kw = 0.030 m/min (wall loss coefficient) 
- c(0) = 105 particles/m3 (initial particle concentration within the clean room) 

 

To do: Calculate how long it will take to achieve class 10,000, 1,000, 100, 10, and 1. 
 

Solution: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 


