
 

  

 

Aalborg Universitet

Model Experiments with Low Reynolds Number Effects in a Ventilated Room

Nielsen, Peter V.; Filholm, Claus; Topp, Claus; Davidson, Lars

Publication date:
2000

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

Link to publication from Aalborg University

Citation for published version (APA):
Nielsen, P. V., Filholm, C., Topp, C., & Davidson, L. (2000). Model Experiments with Low Reynolds Number
Effects in a Ventilated Room. Dept. of Building Technology and Structural Engineering, Aalborg University.
Indoor Environmental Engineering Vol. R0044 No. 119

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: November 29, 2020

https://vbn.aau.dk/en/publications/885c7874-e897-43c0-955b-b580551da7cf


Model Experiments with 

Low Reynolds Number 

Effects in a Venti lated 

Room 

P V. Nielsen, C. Filholm, 

C. Topp, L. Davidson 

0) 
~ 

~ 

0 
z 

!....... 
Q) 
a. 
ro 
0.. 

..--. 
~ 
Q) 
u 
c 
ro ...... en 
i5 

Cl 
c: 

'L: 
Q) 
Q) 
c: 
·c, 
c: 
w 
ro -c: 
Q) 

E 
c: e ·::;: 
c: 
w 
.... 
0 
0 
'0 
E 

0,00 

0 

0,5 

1 

115 

2 

2,5 ' 
3 ' 

ro 
c: 
0 

:;::::; o) CO 
c: c: .... '5 Q) - CO 
E Q) 

.r:. a: - vi ,..._ 
E 

0 0 
0 0 
0 a: N 
1- c: 
z c: 
w .Q 
> '5 ::2: .0 
0 'L: -0 IJ) 

a: i5 .... .... 
0 ~ IJ) 
Cl c: 
c: 0 
'5 Q) 
Q) (J 

Q) c: 
(J Q) 

e .... 
~ a.. c: 

c: 0 
() 

/ 

0 
()) .... 

I 
ll) 
00 .... 
ci. 
c.. 
-
~ 
0 
0 
0 
N 

N .... 
I 

()) 

~ 
::J 

""') 

~ 
:::> 

0,20 

Velocity [-] 

0,40 0,60 0,80 

Re=211 

I -'' '---- ---------- -. 

Ux=0111 m 
o= 88 mm 



r 
I 

' The Indoor Environmental Engineering papers are issued for early dissemination of 
research results from the Indoor Environmental Engineering Group at the Department of 
Building Technology and Structural Engineering, Aalborg University. These papers are 
generally submitted to scientific meetings, conferences 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 Indoor Environmental Engineering papers. 

Printed at Aalborg University 



Model Experiments with 

Low Reynolds Number 

Effects in--a Ventilated 

Room 

P. V. Nielsen, C. Filholm, 

C. Topp, L. Davidson 





ABSTRACT 

MODEL EXPERIMENTS WITH LOW 
REYNOLDS NUMBER EFFECTS IN A 

VENTILATED ROOM 

Peter V. Nielsen 1, Claus Filholm1, Claus Topp1 and Lars Davidson2 

1Department of Building Technology and Structural Engineering, 
Aalborg University,~Sohngaardsholmsvej 57, 9000 Aalborg, Denmark 
2Depmtment ofThe1mo and Fluid Dynamics, Chalmers University of 

Technology in Goteborg, Sweden 

The flow in a ventilated room will not always be a fully developed turbulent flow . Reduced air change 
rates owing to energy considerations and the application of natural ventilation with openings in the 
outer wall will give room air movements with low turbulence effects. 

This paper discusses the isothermal low Reynolds number flow from a slot inlet in the end wall of the 
room. The experiments are made on the scale of 1 to 5. Measurements indicate a low Reynolds number 
effect in the wall jet flow. The virtual origin of the wall jet moves forward in front of the opening at a 
small Reynolds number, an effect that is also known from measurements on free jets. The growth rate 
of the jet, or the length scale, increases and the velocity decay factor decreases at small Reynolds 
numbers. 

KEYWORDS 

Room air flow, low Reynolds number effects, scale-model experiments, plane isothermal wall jet. 

INTRODUCTION 

Most of the theory behind the description of room air movement as e.g. flow elements, zonal models , 
throw and CFD predictions is based on an assumption of fully developed turbulent flow . This 
assumption represents a simplification of the theory. The flow elements can be given by equations 
without any adjustment for the velocity level and the turbulence model in the CFD predictions has a 
universal character independent of the velocity level. 

The flow in a ventilated room will not always be a fully developed turbulent flow. Reduced air change 
rate owing to energy considerations as well as the application of natural ventilation may cause a flow 
with low turbulence effect in the ai r movement. This paper shows how it is possible to adjust the flow 



element of a wall jet to be valid for low turbulent flow. The measurements are also made for the 
validation of Large Eddy Simulation (LES) which is a promising method for the prediction of flow 
with low turbulence effect as shown by Davidson et al. (2000). 

SCALE-MODEL EXPERIMENTS 

The scale-model experiments are related to a full-scale room with the dimensions, height H, width W 
and length L equal to 2.5 m, 3.6 m and 4.2 m, see Topp et al. (2000). Figure 1 shows the layout of a 
room. The full-scale room is ventilated by a supply slot of full width with the height h0 of 2 cm located 
in one end wall and a return opening located in the opposite end wall. 

H 

L 

Figure!: Room geometry and supply slot. 
~ 

TABLE 1 
FULL SCALE AND MODEL GEOJ'viETRY 

Scale h0 /H WIH UH 
1: 1 0.008 1.44 1.68 
1:5 0.008 1.44 1.68- 2.88 

The length of the model is different from the length of the full-scale room in some of the 
measurements, see Table 1. The increased length in the model makes it possible to study the 
penetration depth of the supply jet. It is assumed that the flow in the wall jet is a parabolic flow and 
therefore independent of the room length within the limits given in Table 1. 

A model experiment with isothermal flow is identical with the full-scale flow if the Reynolds number 
Re is the same in both cases. The Reynolds number is defined as 

Re= h"u" 
V 

where lzo is the slot height and ll 0 the supply velocity. vis the kinematic viscosity of air. 

(1) 

Model expe1iments are often used to study room air movement when it is convenient to work in a 
small scale. Here the method is used because the reduced scale will increase the velocity level 
accordingly and improve the measurements at small Reynolds numbers. It is important to have the 
same boundary conditions in both full scale and in model scale. Figure 1 shows the contraction used in 
the model to obtain low turbulence in the inlet opening, rlho = 11.75. The inlet opening in the full-scale 
room has a one-sided contraction and upstream installations that will generate some turbulence in the 
inlet flow . 
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WALL JET FLOW 

Fully developed isothermal two-dimensional wall jet flow is given by the following equations, see e.g. 
Rajaratnam ( 1976), 

(2) 

(3) 

where u_,. is the maximum velocity in the wall jet profile and 8 is the thickness or length scale of the 
wall jet measured from the surface to the velocity u./2 in the profile. X 0 is the distance from the supply 
slot to the location of the virtual origin of the jet flow. This location will in a fully developed flow 
often be located behind the diffuser corresponding to a positive X 0 • Kp and Dp are characteristic 
constants for the diffuser. They are"'t:onstant for the fully developed turbulent flow. The dimensionless 
wall jet profile (ulux versus y/8) will be a universal profile for high Reynolds number flow. 

Eqns. (2) and (3) are, as mentioned above, based on the assumption of fully developed flow. It is also 
possible to develop a corresponding set of equations for laminar flow. The behaviour of the flow in the 
transition regime Qow turbulent regime) could be handled by expressions that connect the two sets of 
equations but here it is decided to express the transitional regime by the following modifications of 
Eqns. (2) and (3) 

(4) 

(5) 

Kp (Re), Dp (Re) and X0 (Re) are considered to be functions of the Reynolds number Re and they will 
develop asymptotically to constant values for increasing Reynolds numbers. 
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Figure 2: Dimensionless wall jet profile measured at different Reynolds numbers. The profile is 
located at x/H = 0.8. The universal wall jet profile for fully developed turbulent flow is given by e.g. 
Verhoff (1963). 

Figure 2 shows the dimensionless velocity profile ulu.r versus y/8. The profile is measured at x!H = 0.8 
for the following Reynolds numbers 211 , 373 , 520, 999 and 3565. It is seen that the profile develops 
into the uni versal wall jet profile for fully deve loped turbulent flow . The measured profile at Re= 211 
is similar to the laminar (Giaueit) profile measured e.g. by Quintana et a l. (1997) . The profile has a 
characteristic location of the maximum velocity ulux at y/8- 0.5. 
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Figure 3: Distance to virtual migin X 11 versus the Reynolds number Re. 

4 



A depiction of o as a function of x for the different Reynolds numbers gives Xn and Dp. Figure 3 shows 
that the distance to the virtual origin x, is negative at low Reynolds numbers corresponding to a 
location in front of the supply slot. This is very typical of a semilaminar flow. The jet leaves the 
opening as a laminar flow with a small growth in thickness. Disturbance changes the flow into a 
turbulent flow at some distance from the opening with a large increase in the growth rate as a 
consequence. The new growth rate will have a virtual origin close to the transition point from laminar 
to turbulent flow . 

Dp 
0.5~----------------------------~ 
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Figure 4 : Growth rate Dp versus Re. 

Figure 4 shows the growth rate Dp as a function of the Reynolds number. A growth rate of 0.1 is very 
typical of a fully developed isothermal wall jet. An increase in the growth rate at small Reynolds 
numbers is also typiCal as measured earlier by Nielsen and Moller (1988) for a ceiling-mounted slot 
diffuser. The Kp value for the slot is given in Figure 5. This value has also the expected asymptotic 
development for increasing Reynolds numbers . All the measurements in Figure 3, 4 and 5 are in good 
agreement with the measurements in the full-scale room, see Topp et al. (2000). 
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Figure 5: Kp value for the slot and the two-dimensional wall jet versus Re. 

PENETRATION DEPTH OF THE WALL JET 

Earlier measurements and CFD predictions show that is should be possible to measure a restiicted 
penetration depth for the isothermal wall jet and a coiTesponding reattachment line in the occupied 
zone. The penetration depth and the location of the reattachment line In. are functions of the Reynolds 
number at low turbulent flow and Ire will go to zero for Re -7 0, see Davidson and Nielsen (1998) and 
Armal y et al. ( 1983 ). 

It was not possible to measure these quantities in full-scale flow, but there are some indications of a 
rest1icted penetration depth at low Reynolds numbers in the l :5 model. 
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CONCLUSIONS 

The flow in a ventilated room will not always be a fully developed turbulent flow but it is possible to 
use the equations for a fully developed flow in the transitional regime if involved "constants" are given 
as functions of the Reynolds number. 

A detailed description of an isothermal wall jet has been developed from scale-model experiments and 
the results are in good agreement with full-scale experiments and earlier measurements. 
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