
 

  

 

Aalborg Universitet

Transfer of Emission Test Data from Small Scale to Full Scale

Jensen, Gunnar P.; Nielsen, Peter Vilhelm

Publication date:
1995

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Jensen, G. P., & Nielsen, P. V. (1995). Transfer of Emission Test Data from Small Scale to Full Scale. Aalborg:
Dept. of Building Technology and Structural Engineering.  Indoor Environmental Technology, No. 50, Vol..
R9537

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            ? Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            ? You may not further distribute the material or use it for any profit-making activity or commercial gain
            ? You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: January 17, 2019

https://vbn.elsevierpure.com/en/publications/1abc1de3-eb6d-4175-9347-874b6823ae84


INSTITUTTET FOR BYGNINGSTEKNIK 
DEPT. OF BUILDING TECHNOLOGY AND STRUCTURAL ENGINEERING 
AALBORG UNIVERSITET • AUC • AALBORG • DANMARK 

0.004 
+ Floor 
o Ceiling 

'Ul • Test chamber 
], 0.003 

i:1 
d) 

·u 
~ 
d) 0.002 0 
(.) 

.... 
~ 
"' 
~ 0.001 "' ~ 
:::E 

0 
0.0 0.1 0.2 

Velocity [m/s] 

INDOOR ENVIRONMENTAL TECHNOLOGY 
PAPER NO. 50 

Presented at Healthy Buildings '95 
Milano, Italy, September 1995 

GUNNAR P. JENSEN & PETER V. NIELSEN 

0.3 

TRANSFER OF EMISSION TEST DATA FROM SMALL SCALE TO FULL 
SCALE 
DECEMBER 1995 ISSN 1395-7953 R9537 



The papers on INDOOR ENVIRONMENTAL TECHNOLOGY are issued for early dis
semination of research results from the Indoor Environmental Technology Group at the 
University of Aalborg. These papers are generally submitted to scientific meetings, con
ferences or journals and should therefore not be widely distributed. Whenever possible 
reference should be given to the final publications (proceedings, journals, etc.) and not 
to the paper in this series. 

I Printed at Aalborg University I 



INSTITUTTET FOR BYGNINGSTEKNIK 
DEPT. OF BUILDING TECHNOLOGY AND STRUCTURAL ENGINEERING 
AALBORG UNIVERSITET • AUC • AALBORG • DANMARK 

INDOOR ENVIRONMENTAL TECHNOLOGY 
PAPER NO. 50 

Presented at Healthy Buildings '95 
Milano, Italy, September 1995 

GUNNAR P. JENSEN & PETER V. NIELSEN 
TRANSFER OF EMISSION TEST DATA FROM SMALL SCALE TO FULL 
SCALE 
DECEMBER 1995 ISSN 1395-7953 R9537 



TRANSFER OF EMISSION TEST DATA FROM SMALL SCALE TO FULL 
SCALE 

Gunnar P. J ensen and Peter V. Nielsen 

Department of Building Technology and Structural Engineering 
Aalborg University, Sohngaardsholmsvej 57, 9000 Aalborg, Denmark 
Tel. +45 98158522 ext. 6601 

INTRODUCTION 

Emission testing of building materials is often carried out in small-scale test chamber. 
A method to transfer results from these tests to full scale is presented. A difference in scale 
can lead to a difference between the emission rate of a given pollutant measured in a small
scale test chamber and the one that is found in a full-scale ventilated room. The discrepancy 
is noticeable when the emission is dependent on environmental parameters such as room 
temperature, pollutant concentration, humidity and air flow pattern. Testing conditions are 
usually chosen to reflect the situation experienced in full scale, i.e. Test conditions such as 
temperature, relative humidity, and air velocities are chosen within the range that are found 
in ventilated rooms. H:owever, the difference in scale can lead to some problems and 
misconception of the size of the actual emission rate for a building material. This paper 
highlights some of these problems and introduce an approach on how to overcome them and 
produce useful results. The paper concentrates on describing situations where the air 
velocity field near the source influence the emission rate. 

Emission of volatile organic compounds (VOC) from drying paint can be regarded as 
limited by diffusion through the boundary layer (Komum, 1980). Emission ofVOC can then 
be described by Pick's law 

ac E =- D 

where E[mg/m2s] is the emission rate, D[m2/s] is the molecular diffusion coefficient, 
c[mg/m3

] is the concentration and y[m] is distance. The emission rate can also be described 
in terms of a mass transfer coefficient 

E = - kc (c - c) 



where kc is the ratio (D/ o ), o [m] is the boundary layer thickness (Figure 1) and C5 is the 
vapour pressure at the surface expressed as concentration. 

The boundary layer thickness is dependant on flow near the source, and the influence 
of turbulence is very important. Some models of emission in test chambers include the 
effect of the air flow field near the emitting surface. This is done by including the boundary 
layer thickness as a parameter in the calculation of the emission (Tichenor et al., 1993). 
The next step is to link these models to full scale conditions. In this paper, a method is 
introduced which can handle turbulent and laminar flow, and varying boundary layer 
thickness. The method can be used both to decide under which conditions test chamber tests 
should be done, and to decide the emission rate in a given case. 

METHODS 

Room air flows are often simulated by using a k-e turbulence model, where k is 
turbulent kinetic energy and e is energy dissipation. The k-e model is based on the 
assumption that the flow is fully turbulent, this is not true in the near wall region where a 
larninar layer persists. Turbulent boundary layer flows have a larninar sublayer adjacent to 
the wall, where there is a linear relation between the velocity and the distance from the wall 
(Figure 1). At some distance from the wall we have fully turbulent flow, between the two 
layers there is a buffer zone. Near the wall velocity fluctuations are damped and the 
molecular viscosity is dominating. 

Velocity Concentration 

Figure 1: Velocity and concentration profiles for fully turbulent boundary layer flow near a wall.o. is the 
velocity boundary layer thickness and o0 is the diffusion boundary layer thickness. 

Traditionally the problem with low Reynolds numbers in the near wall region has been 
handled by applying the so-called universal law-of-the-wall. For solving practical 
engineering problems the method is very useful, but it has some shortcomings for example 
if the flow is not fully turbulent, if free convection is present or if wall jets are present. 

Many problems in modelling flows in ventilated room are due to Low Reynolds 
Number (LRN) effects. To simulate this, LRN versions of the k-e model have been 
developed. These models account for LRN effects by damping the turbulence near the wall. 
Patel et al. (1985) reviewed a number ofLRN-models and found that the Launder-Sharma 
model (Launder and Sharma, 1974) was one of the better ones. In this study the Launder
Sharma model is used to overcome scaling problems, which occur when small scale test 
chamber emission data is transferred to full scale. An example on how to deal with the 
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