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INTRODUCTION
Ceiling-mounted slot diffusers in ventilated rooms will often
generate a flow of the wall jet type. The jet follows the ceiling, entrains air from the occupied zone and generates a recirculating flow in the whole room.
This paper will deal with the flow in the ceiling region. The
wall jet flow is especially influenced by diffuser design and
surrounding details such as distance to the ceiling and the
ceiling structure. The flow is less influenced by other parameters in the room such as length, width, height and furnishings.
It is important to study the conditions and locations where
the flow can be described as a wall jet. This description is
useful when different diffusers are compared, and it is the
background for calculation of "throw" and "penetration depth",
see (1). It is also convenient to use the wall jet description
of inlet conditions in computer predicted flow in rooms. This
description makes it possible to ignore details at the diffuser
as e.g. vanes resulting in reduction of computer storage and increased computation speed, see ref. (2).

Fig. 1. Ceiling-mounted slot diffuser with small
width.

DIFFUSER
Fig. 1 shows one of the diffusers used for the measurements
in the paper. The diffuser has four adjustable openings, and
it is possible to direct the flow either in two horizontal
directions or vertically downwards. The experiments in this
1

paper describe situations where all the flow is in the same
horizontal direction, or situations where the flow is divided
in two horizontal directions. The main part of this paper describes the last mentioned situation.
The paper will deal with the two-dimensional flow from a slot
diffuser and also the transition to three-dimensional flow in
case of a slot diffuser with small width. The experiments are
therefore made with two slot diffusers of the same type, but
with different widths.
SLA 4 -

width: 0.60 m

60

SLA 4 - 180

width: 1 .80 m

\vALL JET FLOW

A two-dimensional wall jet flow is a flow established close
to a surface where air is supplied parallel to the surface
from a slot with a large width. The wall jet conditions are
fulfilled when the velocity profiles can be expressed in a
single universal profile normalized with a local length and
a local velocity and when growth rate and velocity decay can
be expressed by the following equations, see Rajaratnam (3)
and Schwarz and Cosart (4).
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c5 is the wall jet thickness perpendicular to the
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is the length trom the opefling and h is the slot
is the virtual origin of the wall jet growth and
cay, while D and K are constants and u is the
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x is small compared to the distance x in the wall jet, and
eauation (1) shows that the growth of the wall jet thickness
is in practice proportional to the distance from the opening
with the growth rate D . Equation (2) shows that the velocity
ratio u /u is proport~onal to 1/IX, which is typical of a twodimensi5na~ wall jet, and it expresses that the momentum flow
is preserved in the jet.
A thermal two-dimensional wall jet can be described by equations (1) and (2), and by the following equation for the temperature distribution
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where T is the wall jet extreme temperature at the distance
x from the diffuser, T is the supply temperature and T the
room or the return temBerature. K T is a constant for t~e wall
jet.
P
The theory behind the wall jet assumes that the flow has a
fully developed turbulent level, which also means that the
normalized flow (velocity, turbulence) is independent of the
Reynolds number. The general turbulent flow in ventilated rooms
is often fully developed, see Hanel and Scholz (5), but diffusers may in some cases be used at low supply velocities
giving a jet which is not fully developed. The equations (1),
(2) and (3) are in this case used with Dp, Kp and KpT-factors
which are functions of the supply velocity u 0 or functions of
the Reynolds number for the diffuser, see ref. (6).
A Reynolds number for the diffuser can be expressed by
u h

=

Re

0

( 4)
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where v is the kinematic viscosity. This expression for the
Reynolds number makes it possible to compare different sizes
of the same type of diffuser, but it is not possible to compare two different designs.
When the air distribution system has to remove heat from a
source in the room it will result in a flow with a thermal
wall jet. The flow in the wall jet will in this case be dependent on the diffuser and the Archimedes number Ar, and it
might be dependent on the Reynolds number at small supply velocities, but independent at higher velocity levels, see Mullejans (7). The Archimedes number is given by
SghliT

=

Ar

0

( 5)

where S, g and liT are the coefficients of thermal expansion,
graviational acce~eration and temperature difference between
return and supply, respectively. The Archimedes number will in
this paper be expressed by the following factor
liT h
0

( 6)
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A three-dimensional jet can be expected far downstream in the
flow from the diffuser with the small width. This will influence the velocity u and the T , and the velocity will in this
X

X

3

case be expressed by the following equation (7) instead of
equation (2)
u
u

X

0

ra

= Ka x+x0
0

( 7)

a is the supply area and K is a constant. The equation shows
tgat the velocity ratio u ;fi is proportional to 1/x, which is
typical of a three-dimens!on~l wall jet.
MEASUREMENTS AND DISCUSSION
All the measurements are made in a room which fulfils the Swedish regulation SP WS 17 1973 on "Test of supply and return
openings". The room dimensions are 12 m x 12 m x 3 m and the
diffusers are mounted in the ceiling 6 m from each side wall.
SLOT HEIGHT
The slot height h and the supply velocity u are to be typical
values for determination of the momentum fl8w from the slot
diffuser.

/

Fig. 2. Cross section of the ceiling-mounted slot
diffuser and location of the hot wire instrument
for measuring the supply velocity.

Fig. 2 shows the location of the hot wire instrument for measuring a supply velocity. This location of the instrument gives a
maximum value, and the supply velocity u 0 is found as the mean
value of more measurements along the slot. The slot height is
found from the equation
4

qo
h = 0.0010
x,•U
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where q
(i/s) is the supply flow from the slot diffuser in the
given d~rection and £ (m) is the slot width. (The slot height
h is thus different from the geometrical openings in the diffuser) .
It is important to use the same measuring points for all determinations of u in different experiments.
0

ISOTHERMAL WALL JET FROM THE SLA 4-180 DIFFUSER
The velocity profiles are measured at different distances from
the diffuser and u , 8 and x are obtained from the measurements. Kp is estabtished fro£ a determination of the maximum
velocity Ux as a function of the distance x from the diffuser.
It is convenient to ignore the distance x 0 to the virtual origin because it is small compared to the length of the jet. All
the Kp-values in this paper are therefore calculated for x 0
equal to zero (x0 = 0.0 in equation (2) and (7)).
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Fig. 3. Velocity decay in the isothermal wall jet
from a slot diffuser with large width, £ = 1.80 m.
The diffuser is adjusted to two horizontal wall
jets, q = 66 i /s in the measured direction.
0

The diffuser is adjusted to two horizontal wall jets in opposite directions in the measurements.

5

The measurements on the diffuser with large width show on average a K -factor of 2.8. The value is rather independent of
the Reyno~ds number for flows between 52 and 99 ~/s. Fig. 3
shows a typical set of measurements. The velocity is proportional to 1/IX over the whole distance x, as should be expected
in a two-dimensional wall jet. (The slope of the line in fig.
3 is equal to -0.5).
ISOTHERMAL WALL JET FROM THE SLA 4-60 DIFFUSER
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Fig. 4. Measurements of the isothermal wall jet
from a slot diffuser with small width, ~ = 0.6 m.
The diffuser is adjusted for a single horizontal
wall jet.

Fig. 4 shows the measurements on the slot diffuser with small
width, ~ = 0.6 m. The diffuser is adusted for a single horizontal wall jet. It should first be observed that the growth
rate D is a significant function of the Reynolds number. A
D -valfie of 0.16 is rather high, and the small sketch of
p
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velocity versus distance shows an atypical velocity decay for
a two-dimensional wall jet. The flow is not fully developed,
but it is still advantageous to use the wall jet theory because
velocities calculated according to equation (2) are higher than
or equal to the measured velocities. Therefore they will be safe
values for design procedures. The Dp-values and the velocity decay for an increased flow (q = 38.D and 51.5 ~/s) are more typical for a fully developed tw8-dimensional wall jet, references
( 2 ) , ( 4 ) and ( 8 ) •
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Fig. 5. Measurements of the isothermal wall jet
from a slot diffuser with small width, ~ = 0.6 m.
The diffuser is adjusted to two horizontal wall
jets.
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Fig. 5 shows the measurements for the diffuser adjusted to two
horizontal wall jets in opposite directions. The growth rate
D is a function of the Reynolds number, and the value for the
h~ghest volume flow is typical for a fully developed wall jet.
The sketches of the velocity versus distance show a velocity
decay which exceeds 1/IX. It may be assumed that the flow is
changing to a three-dimensional flow, and an adoption to equation (7) gives a K -value of 4.1 for q = 25.2 £/sand x =
a
o
o
0.0 m
It is typical of the SLA 4-60 diffuser and the SLA 4-180 diffuser that the distance Xo/h is large compared to the values
for a more conventional slot design and the Kp-factor is lower,
see references (2), (4) and (8). A low Kp-factor means a low
velocity at a given distance x and thus a high entrainment of
air into the jet. The air distribution system can handle a high
volume flow at low velocities in the room.
PENETRATION DEPTH
An undisturbed wall jet will penetrate the ventilated room in
the case of isothermal flow and will entrain air from the occupied zone to induce recirculation air movement in the room.
This picture will change when a thermal load is supplied to the
room. The supply temperature will be reduced and the load may
reach a level such that the wall jet will separate from the
ceiling at a distance x from the diffuser and flow down into
the occupied zone. Situ~tions with a short penetration depth
are undesirable, because the jet may have a high velocity and
a low temperature when it flows into the occupied zone, and a
calculation of the penetration depth is thus a part of the design procedure of the air distribution system.
Grimitlin, ref. (9), has shown that the penetration depth for
a cold two-dimensional wall jet is proportional to 1/ (Ar) 2 / 3
The measurements in fig. 6 confirm the linear relationship between x /hand 1/(Ar) 2 ~, for the short as well as for the wide
diffuse~.
An analysis of the forces acting on a non-isothermal horizontal
wall jet leads to the following equation
X

K2
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h
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2/3
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( 9)
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If it is assumed that KpT is proportional to ~p and that Dp is
proportional to 1/Kp (constant momentum flow ln a wall jet) it
is possible to set up the equation
X

s

( 1 0)

h
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where Ksp is a constant dependent on parameters outside the
wall jet, such as room dimensions, location of thermal load,
etc.
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Fig. 6. Measurements of the normalized penetration depth xs/h versus 1 I (Ar) 213 for a wall jet
established by the diffuser shown in fig. 1 and
fig. 2. The diffuser is adjusted for two horizontal wall jets.

Measurements by Hestad, ref. (10), give a Ksp-value af 1.5
in the case of an evenly distributed heat source along the
floor. The measurements in this paper are made by the same
type of heat load and they confirm the Ksp-value of 1 .5 as
indicadet in fig. 6.
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Fig. 7. Sketch of wall jet and penetration depth
X •

s

The practical use of equation (10) is complicated because the
jet air flow from different diffusers has different flow patterns in the area where it leaves the ceiling region and penetrates into the occupied zone, see reference (11). The penetration depth x for the linear slot diffuser is measured as
the distance up to the area where the entrainment flow meets
the jet at the ceiling surface (separation line) . The jet
travels a further distance 6x before it flows down into the
occupied zone, where 6x is t~pically about 2 - 2.5 m.
s
CONCLUSIONS
Measurements on ceiling-mounted slot diffusers show that the
flow along the ceiling can be described as a wall jet although
the flow is dependent on the Reynolds number for most of the
tests (1 .5 < u < 3.0 m/s).
0

The velocity decay and the distance to the virtual origin are
typically larger for this ceiling-mounted slot diffuser cornpared to the values for a more conventional slot design.
The wall jet from the diffuser with short width (0.6 m) shows
a tendency towards three-dimensional flow over long distances
from the diffuser.
The penetration depth is a function of the Archimedes number.
Measurements show that the penetration depth xs is proportional to 1/ (Ar) 2 / 3 and, furthermore, comparisons with other
measurements show that the penetration depth xs can be assumed
to be proportional to the diffuser coefficient Kp in the second power.
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