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Abstract: Different release models can yield significantly different dy-
namic concentration profiles in a room depending on the release rates 
chosen. Results from two different cases demonstrated significantly differ-
ent concentration profiles in the room of interest. This work was under-
taken to: (1) Critically review the current model, (2) formulate a new, 1st 
order Algebraic model, and (3) use experimental data to validate the mod-
eled theory. This report documents preliminary work that was suspended 
after Fiscal year 2005 (FY05). No follow-on research is currently funded. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Citation 
of trade names does not constitute an official endorsement or approval of the use of such commercial products. All product 
names and trademarks cited are the property of their respective owners. The findings of this report are not to be construed as 
an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 



ERDC/CERL SR-06-18 iii 

 

Contents 
Figures and Tables.................................................................................................................................iv 

Preface.....................................................................................................................................................v 

1 Introduction..................................................................................................................................... 1 
Background .............................................................................................................................. 1 
Objective ................................................................................................................................... 1 
Approach................................................................................................................................... 1 
Scope ........................................................................................................................................ 2 

2 Project Summary............................................................................................................................ 3 

3 Flow and Dispersion in a Pseudo-Rectangular Chamber ........................................................22 

4 Summary .......................................................................................................................................35 

Appendix A: Experimental Measurement of Particle Re-Suspension by Airflow in a 
Bench-Scale  Chamber: Preliminary Results ............................................................................36 

Report Documentation Page..............................................................................................................45 

 



ERDC/CERL SR-06-18 iv 

 

Figures and Tables 

Figures 

 A1 The average of the minimum, average and maximum air velocity in the 
(a) horizontal and (b) vertical direction measured at the nine measurement 
locations for the five different fan speeds .........................................................................40 

 A2 Airborne mass concentration of particles measured by the APS during the re-
suspension phase of Experiment 2. The data are 10-minute integrated 
concentrations collected during the following time intervals after the fan 
speed was increased to 75: (a) 0-10 minutes, (b) 10-20 minutes, (c) 20-30 
minutes, (d) 30-40 minutes and (e) 40-50 minutes ..........................................................42 

 A3 Fraction of deposited particle mass re-suspended from (a) linoleum and (b) 
carpet during 1 hour at a fan speed of 75 .........................................................................43 

 A4 Fraction of deposited particle mass re-suspended from (a) linoleum and 
(b) carpet during 1 hour at a fan speed of 110 .................................................................43 

 A5 Fraction of deposited particle mass re-suspended from (a) linoleum and 
(b) carpet during 1 hour at a fan speed of 140 .................................................................44 

Tables 

 A1 Summary of experimental conditions. ...............................................................................38 
 A2 Summary of measured variable speed fan flow rates ......................................................39 
 



ERDC/CERL SR-06-18 v 

 

Preface 

This study was conducted for the Engineer Research and Development 
Center, Construction Engineering Research Laboratory (ERDC/CERL), 
U.S. Army of Corps of Engineers under 6.1 Basic Research, “Resuspension 
Physics of Fine Particles” The technical monitor was Dr. John M. Cullin-
ane, CEERD-EM-J. This study was also supported in part by the Project 
GD1KGD “Bldg Chem-Bio Protection Modeling & Simulation.” The techni-
cal monitor was Dr. Paul Howdyshell, CEERD-CV-ZT. 

The work was performed by the Energy Branch (CF-E) of the Facilities Di-
vision (CF), Construction Engineering Research Laboratory (CERL). The 
CERL Principal Investigator was Dr. Chang W. Sohn. Dr. Thomas J. Har-
tranft is Chief, CEERD-CF-E, and L. Michael Golish is Chief, CEERD-CF. 
The associated Technical Director was Dr. Paul A. Howdyshell, CEERD-
CF-F. The Acting Director of CERL is Dr. Ilker R. Adiguzel. 

CERL is an element of the U.S. Army Engineer Research and Development 
Center (ERDC), U.S. Army Corps of Engineers. The Commander and Ex-
ecutive Director of ERDC is COL James R. Rowan, and the Director of 
ERDC is Dr. James R. Houston. 



ERDC/CERL SR-06-18 1 

 

1 Introduction 

Background 

Different release models can yield significantly different dynamic concen-
tration profiles in a room depending on the release rates chosen. Results 
from two different cases demonstrated significantly different concentra-
tion profiles in the room of interest. There is a need to critically review the 
current model to: 

1. Identify limitation of the zero-th order model (zero-th order model:  
c = M/V = uniform constant) 

2. Establish time and length scales, identify field variables of significance 
based on typical HVAC operating conditions. 

This ERDC Special Report includes documents several pieces of analysis 
accomplished in the first year of (what was planned to be) a 3-year effort. 
At ERDC management’s direction, the project was stopped after comple-
tion of the following initial steps: 

1. Project Summary Presentation (p 3) 
a. Introduction 
b. Synopsis of FY05 activities 
c. Benefits to (other) projects 
d. Ideas for follow-on work 

2. Experimental and numerical comparisons  
3. Experimental tests (Appendix A). 

Objective 

The overall objectives of this project were to: 
1. Critically review the current model 
2. Formulate a new, 1st order Algebraic model 
3. Use Experimental data to validate the modeled theory. 

Approach 

Work in this project included: 

1. Literature Review 
2. Initial Research Results 
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3. Collaboration Development with Lawrence Berkeley National Labora-
tory [LBNL] Experimental Data) 

Scope 

This report documents preliminary work that was suspended after Fiscal 
year 2005 (FY05). No follow-on research is currently funded. 
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2 Project Summary 
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3 Flow and Dispersion in a Pseudo-
Rectangular Chamber 
 

Flow and Dispersion in a 
Pseudo-Rectangular Chamber 

Comparison of PAR3D Predictions with 
Experiments Conducted by Shimada et al. 

Performed by Robert S. Bernard, ERDC-CHL 
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4 Summary 

A chronological summary of this research activity follows: 

1. (1 Oct 04) Project  Start 
2. (19 Oct 04) TD e-mail on IPR prep “..focus on the science accom-

plished to obtain new knowledge and not on applica-
tion of the knowledge.” 

3. (28 Oct 04) BREP IPR: (Experimental validation required.)   
4. (14 Jan 05) White paper produced per comments from BREP IPR 
5. (28 Feb 05) 2-page Quad Charts briefing to ERDC PMB 
6. (21 Mar 05) PMB de-brief 
7. (12 May 05) Re-briefing to PMB (Relevant to the Army?) 
8. (12 Jul 05) ERDC Direction: This project will end in FY05.  

(Wrap up FY05 activities in formal report.) 
9. (3 Aug 05) E-mail notice, FY06 Basic Research IPR on 13-16 Sep 

05  
10. (19 Aug 05) E-mail (from Dr. Cullinane), Project Wrap UP VTC 
11. (17 Oct 05) Wrap Up briefing to BREP TD. 
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Appendix A: Experimental Measurement of 
Particle Re-Suspension by Airflow in a 
Bench-Scale  Chamber: Preliminary 
Results  

Mark Sippola  
Indoor Environment Department, Lawrence Berkeley National Laboratory  

Introduction 

Particles that settle onto floors of indoor environments can re-suspend 
into the air and be transported to other locations. Particles are known to 
be re-suspended by human activities, but the extent to which particles may 
be re-suspended by airflows indoors is unclear. A set of exploratory ex-
periments have been conducted to better understand the role that airflows 
may play in re-suspending particles settles on floor surfaces indoors.  

Methods  

Particle re-suspension by airflows was measured in a series of four ex-
periments. The experiments investigated the re-suspension of particles in 
the size range 1.7-3.8 µm and 5.0-10.3 µm from floors covered with lino-
leum and carpet. The conditions of the experiments are summarized in 
Table 1.  

The experiments were conducted in a 30x30x36 inch (LxWxH) chamber 
with two variable speed fans mounted on the interior to induce airflow 
within the chamber. The floor of the chamber was completely covered with 
either moderately textured linoleum or commercial grade olefin carpet. 
Please refer to the MS Word file Re-suspension – Physical description for 
a more detailed description of the chamber. Each experiment had four 
phases: pre-cleaning, deposition of particles onto floor surfaces, re-
suspension of particles, and quantification of particle mass on floor sam-
ples. Please refer to the MS Word file Re-suspension – General procedure 
for a more detailed description of the experimental procedure.  

During the particle deposition phase, the airborne particle concentration 
was measured with an Aerodynamic Particle Sizer (APS) (TSI, Inc., Model 
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3321). The APS measured airborne particle concentration in 51 size bins in 
the range 0.5-20 µm. Data collected by the APS were used to estimate the 
size distribution of particles deposited on the floor surfaces.  

During the particle re-suspension phase, the airborne concentration was 
measured with both an APS and a filter sample. The re-suspension phase 
for each experiment lasted 5 hours, 1 hour with the fans off and 1 hour for 
each of four fan speeds (45, 75, 110 and 140). The fan speeds were incre-
mentally increased each hour over the course of the experiment. Filters 
samples were collected for each hour at a given fan speed. The APS con-
tinuously collected data which was integrated over 10 minute time inter-
vals.  

Air velocities in the chamber were measured with a hotwire anemometer 
(Airflow TA5) for all 5 fan speeds. Measurements were made at 9 points in 
a plane 10 cm above the floor. The 9 measurement points were at the cen-
ter points of a 9-square grid in the plane parallel to the floor. Measure-
ments were made with the probe oriented in both the horizontal and verti-
cal directions. The hotwire anemometer recorded a measurement about 3 
times per second. It was held at each measurement location for 30 seconds 
and then the minimum, average and maximum air velocity in that 30 sec-
ond time frame was recorded.  

There are two potential weaknesses of these experiments. During the 
deposition phase, some particles may deposit to the walls and other sur-
faces within the chamber. These particles that are not deposited on the 
floor surface are potentially available for re-suspension. The fans lead to 
some vibration of the chamber when they were turned on, and the inten-
sity of the vibration increased as the fan speed was increased. This vibra-
tion could potentially lead to particle re-suspension independent of the 
airflows. Further investigation will be required to understand the degree to 
which two these factors may have influenced the experimental results.  

Results 

The air velocities measured in the chamber for the 5 different fan speeds 
are presented in Figure 1. The values presented are the average values for 
the nine air velocity measurement locations. The inflow of make-up air 
and the outflow of sampled air to the APS and filter lead to the nonzero air 
velocities measured when the fans are off. The air velocities at fan speeds 
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of 75, 110 and 140 are similar. The fan speeds were originally selected 
based on the volumetric flow rates presented in Table 2.  

Particle re-suspension was not observed in any experiment when the fans 
were off or at speed 45. In all four experiments, particle re-suspension was 
observed at fan speeds of 75, 110 and 140. Figure 2 shows a series of plots 
of airborne concentration versus particle size data collected by the APS 
during the re-suspension phase of Experiment 2. Each plot in the figure 
shows airborne particle concentration integrated over successive 
10-minute intervals beginning at the point when the fans were increased 
from speed 45 to 75. This series of data displays trends that were also ob-
served at higher fan speeds and during different experiments. Within a few 
seconds after increasing the fan speed to 75, a large increase in the air-
borne particle concentration was detected by the APS in the size range 1-5 
µm. This concentration remained fairly constant for about 10 minutes and 
then began to decrease. Figures 2a through 2e show a decrease in airborne 
particle concentrations while the fan speed remains at 75.  

Figure 3a shows the fraction of deposited particle mass that was re-
suspended from the linoleum floor in 1 hour while the fans were at a speed 
of 75 for a range of particle sizes and Figure 3b shows the same informa-
tion for the carpeted floor. The data in Figure 3a come from combining the 
data collected for smaller particles in Experiment 2 with data collected for 
larger particles in Experiment 4. The discontinuity in the data at a particle 
size of about 4 µm is where the two data sets meet but disagree. The data 
shown in Figure 3b come from small particle data collected in Experiment 
1 and large particle data collected in Experiment 3.  

Figures 4 and 5 show the same data as Figure 3 for fan speeds of 110 and 
140, respectively. In these figures, the data for small and large particles 
agree and there is no strong discontinuity at the transition between the 
two data sets. 

Table A1.  Summary of experimental conditions.. 

Experiment # (-) Floor surface (-)  Particle size range (µm)  Initial mass lading (ng/cm2)  

1 carpet  1-4 460  

2 linoleum  1-4 160  

3 carpet  5-10 5200  

4 linoleum  5-10 6700  
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Table A2.  Summary of measured variable speed fan flow rates. 

Fan speed (-) Flow rate (L/min)  

45  6  

75  20  

110  40  

140  70  

 
(a) 

 
(b) 
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Figure A1.  The average of the minimum, average and maximum air velocity 
in the (a) horizontal and (b) vertical direction measured at the nine 

measurement locations for the five different fan speeds. 

 
(a) 

 
(b) 
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(c) 

 
(d) 
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(e) 

Figure A2.  Airborne mass concentration of particles measured by the APS 
during the re-suspension phase of Experiment 2. The data are 10-minute 

integrated concentrations collected during the following time intervals after 
the fan speed was increased to 75: (a) 0-10 minutes, (b) 10-20 minutes, 

(c) 20-30 minutes, (d) 30-40 minutes and (e) 40-50 minutes. 

 
(a) 

 
(b) 
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Figure A3.  Fraction of deposited particle mass re-suspended from (a) 
linoleum and (b) carpet during 1 hour at a fan speed of 75. 

 
(a) 

 
(b) 

Figure A4.  Fraction of deposited particle mass re-suspended from 
(a) linoleum and (b) carpet during 1 hour at a fan speed of 110. 
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(a) 

 
(b) 

Figure A5.  Fraction of deposited particle mass re-suspended from 
(a) linoleum and (b) carpet during 1 hour at a fan speed of 140. 
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