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SYNOPSIS

The ventilation of a test room (LxWxH = 5.4x3.6x2.4 m)
with a wall mounted heat source is investigated for two
different air terminal devices.

The properties of each air terminal device are described
by measuring the velocity decay of the primary wall jet
below the ceiling.

The velocity distribution in the plume above the heat
source has been measured at different heat loads as a
function of the distance to the wall and the distance to
the heat source.

The measurements have led to an estimate of the maximum
velocity in the plume and of the volume flow rate as a
function of the heat load and the distance to the heat
source.

In order to find the influence of the convective heat
source on the flow conditions in the room, the velocity
distribution in the occupied zone and the normalized
concentration distribution along a vertical line through
the middle of the room has been determined as a function
of the specific flow rate and the heat load.

The convective heat source is found to have significant
influence on the flow conditions in the room. This paper
shows lower velocities in the occupied zone and a more
uniform concentration distribution in the room.

INTRODUCTION

In many buildings mechanical ventilation is combined
with convective heating and/or cooling. The purpose of
the ventilation system is therefore only to supply the
building with fresh air (outdoor air).

When designing the system, it is normally assumed that
the room temperature is constant, that the convective
source does not affect the flow conditions in the room
and that the air supply is isothermal.

This paper deals with the flow conditions in a mechan-
ically ventilated room with a convective heat source.
The mean room temperature is kept constant in the ex-
periments with ventilation and thermal load and at the
same level as in the experiments without ventilation.
The heat loss by ventilation is therefore always zero
and not dependent on volumetric flow rate and heat load.




The paper is a continuation of the isothermal measure-
ments given earlier by Heiselberg and Nielsenl.

The room is placed in a laboratory hall and has the di-
mensions LxWxH = 5.4x3.6x2.4 m. Experiments are made
with two different supply openings and both of them are
placed close to the ceiling at one of the end walls.

Two return openings are located at the other end wall
0.7 m above the floor. The heater is placed at the same
wall as the supply openings with the top 0.7 m above the
floor. The length of the heater is 0.80 m. The situation
is illustrated in figure 1.

nozzle

diffuser

—heat source

exhaust

Figure 1. Location of supply- and return
openings and convective heat source in
the test room.

The two different supply openings are a nozzle (A) with
a diameter of 132 mm and a diffuser PVD-10 (D) from
STIFAB.

The convective heat source is an electrically heated
radiator consisting of a heating element with fins built
into a metal cabinet as shown in figure 1.

The heater is mounted on the wall. The main flow goes
through the heater and leaves it horizontally from the

front.



VELOCITY MEASUREMENTS

The velocity decay of the primary jet is measured for
both air terminal devices. The result gives a good de-
scription of the properties of the air terminal devices
and makes it possible to determine the maximum permis-
sible supply velocities and volumetric flow rates based
on the throw of the jets.

The velocity distribution in the middle of the hot
plume is measured to find the maximum velocity and vol-
ume flow as a function of the power supplied and the
distance to the heat source.

The maximum velocity of the recirculating flow is
measured as a function of the volumetric flow rate and
the power supply to the heat source. Applying these re- .
sults and the comfort requirements by Fanger and Chris-
tensen? to the air velocity in the occupied zone, it is
possible to find the maximum supply velocity or vol-
umetric flow rate based on comfort requirements.

Wall jet conditions

For a three-dimensional wall jet the expression for the
maximum velocity of the primary jet as a function of
the distance to the supply opening is given by

Ux . K_ 0 (1)
VO ax+xo

The Kgz-value, the effective supply area, ag, and the
distance to virtual origin, x5, are found for both air
terminal devices (A) and (D). The result is shown in
figure 2.

ATR TERMINAL | DISTANCE TO K, ag x
DEVICE CEILING (m) (10=32°m2) ()

A 0.067 9.5 14.0 0.55

D 0.300 1.9 7.3 0.14

Figure 2. K_ -value, effective supply area, ag,

and distance to virtual origin, x,, are given
for both air terminal devices.




Figure 2 shows that the K -values differ with the fac-
tor 5. As expected, the nozzle has the highest value

and the diffuser the lowest. The K_-value for diffuser
D is a typical value for a commercial diffuser design.

Air exchange at constant throw

The maximum permissible supply velocity V. is found for
each air terminal device for a throw whicg is equal to
the room length, L, and the corresponding terminal vel-
ocity equal to 0.25 m/s. The result is shown in figure
3 together with the air supply flow rate and the speci-
fic flow rate.

The specific flow rate is defined as

q
n = ﬁ (h=1) S (2)

where dy 1s the air supply flow rate.

AIR TERMINAL Vo do n
DEVICE m/s m3/h j Aak

A 1.3 67 1.4

D 8.1 213 4.6

Figure 3. Maximum permissible supply velocity,
air supply flow rate and specific flow rate
for each air terminal device for a throw which
is equal to the room length.

Figure 3 shows a significant difference between the
maximum permissible volumetric flow rates for the two
alr terminal devices.

Convective flow above the heat source

The air velocities in the convective plume above the
heat source are measured as functions of the distance
from the top of the source, the distance to the wall and
of the power supplied. The velocities have been measured
in four distances from the heat source, namely 0.1l m,
0,70 m, 1.28 m and 1.55 m, and in each distance, at four
levels of power supply to the source, 256 W/m, 513 W/m,
769 W/m and 1026 W/m, respectively.



In figure 4 the velocities are shown as functions of the
distance to the wall for 4 distances from the top of the
heat source and a power supply of 256 W/m.

Distance from radiator

e 0.111m
o 0.696m
° 1.281m
a 1.551m

0.4

0.3}

0.2y

0.1

Figure 4. Air velocities in the convective

plume above the heat source as functions of
the distance to the wall. The measurements

have been made at 4 distances from the top

of the source and at a power supply of 256

W/m.

Near the heat source the velocities are low close to the
wall and high over a small range about 0.15 m from the
wall. This is due to the design and the mounting of the
heater. The heater is placed 0.05 m from the wall and
the main plume leaves the heat source horizontally at
the front. Bouyance changes the flow to a vertical plume
and the plume turns into a wall plume at some distance
from the heat source.

The relation between the maximum velocity in the convec-
tive plume, the distance from the top of the heater and
the heat load may be expressed by

U

max = 0-085 Q2% v** (m/s) (3)




where

Qc 1s the convective heat load per length (W/m)
vy 1s the distance from the top of the heater (m)

The volume flow in the convective plume can be calcu-
lated from the measured velocity distribution in the
plume by integrating from the wall to &, the distance
where the velocity is zero. The volume flow is calcu-
lated as:
3§
dy = L J Udx (m3/s) (4)
o
where

Iy is the volume flow in the convective plume
2 is the length of the heater

§ 1is the width of the plume
U 1is the measured velocity

The volume flow in the plume depends on heat load and
distance from the heater
2/s 1/2

dy = 0.016 Qo v % (m3/s) (5)
The supply openings are located 1.5 m above the heater
and at this height the volume flow varies between 0.14
m3/s and 0.24 m3®/s corresponding to a specific flow rate
of 11 - 19 h™'. This volume flow is very large compared
to the volume flow of fresh air (1 - 5 h~1).

Room air velocities

The air velocities in the occupied zone are measured at
5 different specific flow rates and at 5 different heat
loads for both air terminal devices. In figure 5 the
velocity 0.1 m above the floor is shown for the nozzle
(A) under isothermal conditions and with a heat load of
800 W.

The result of the velocity measurements in the occupied
zone contains several characteristics.

At isothermal conditions and at specific flow rates ex-
ceeding 2 - 3 h~'there is a linear correlation between
air velocity and specific flow rate. This means that the
flow has a fully developed turbulent level in the room
and that the normalized values are independent of the
velocity, see Nielsen?3.

The same correlation does not appear with heat load in
the room. The velocities are considerably lower than un-



der isothermal conditions. The supply air is mixed with
air from the hot plume above the heat source. Totally
this gives a plume or jet which is warmer than the room
air. Due to bouyancy the velocity in the downward flow at
the opposite wall will decrease more rapidly than under
isothermal conditions giving lower velocities in the oc-
cupied zone.

a. V(mi/s)
J { g
(—%
n(h™h —05
10.4
-10.3
—40.2
= 0.1
L 16 | O

x/L 1.0 0.75% 0.50 0.25 _ 0

b. v(m/s)
f = 3
6‘121
105
n(h™) ~ 0.4
=0 H0.3
4.0 -10.2
1.0,2.0,3.0 = 0.1
o e e
1 1 | 0
x/L 1.0 0.75 0.50 0.25 0

Figure 5. Air velocities in the ocupied zone
at 5 different specific flow rates for the
nozzle (A) measured 0.1 m above the floor
under: a) isothermal conditions, and b) with
a heat load of 800 W in the room.
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Figure 6. The maximum air velocity in the
occupied zone as a function of the specific
flow rate and the heat load for air terminal
devices (A) and (D).



2.5

The maximum air velocity in the occupied zone cannot be
completely determined from the measurements. However, it
is estimated from the measured velocities at 18 points
that the correct value is not considerably higher than
the measured value. Therefore, in the following the
maximum air velocity in the occupied zone is assumed to
be equal to the maximum measured air velocity.

In figure 6 the maximum measured air velocity is shown
as a function of the specific flow rate and the heat
load for both air terminal devices.

As expected figure 6 shows that the maximum velocity in
the occupied zone is much higher for ventilation with
the nozzle than for ventilation with the diffuser at
the same specific flow rate. This means that the dif-
fuser (D) allows the highest specific flow rate in the
room at the same velocity level in the occupied zone.

Figure 6 also shows, especially for the nozzle (A), that
the maximum velocity in the occupied zone is much lower
with heat load in the room than under isothermal condi-
tions. The difference in velocity decreases at increas-
ing specific flow rate and decreasing heat load.

Comfort demands

Determination of the comfort limit for air velocity in

the occupied zone in a room depends on the acceptable

level of discomfort. In an ordinary office a dissatis-

faction rate of 10% is acceptable. According to Fanger

and Christensen? the comfort limit for air velocity

should in this case be Vyy = 0.1 m/s. This value is ad-

equate within the normal temperature range in ventilated

work rooms. |

The maximum specific flow rate can be found from the
comfort limit and figure 6. The results are shown for
both air terminal devices in figure 7.

AIR TERMINAL ISOTH. COND. THERM. COND.
DEVICE n(h=™") | go(m*/h) | n(h™") | g5(m*/h)
A 1.4 66 3.0-3.3| 140-154
D 3.1 145 3.1-4.1§ 145-191

Figure 7. Maximum specific flow rate and air
supply flow rate for air terminal devices (A)
and (D) for Ve = 0.1 m/s.




The result from figure 3 is included in figure 6 to-
ggther with the comfort requirements. Apparently a de-
sign with a throw equal to the room length functions
satisfactorily for the nozzle under isothermal condi-
tions. It is further shown that the non-isothermal con-
conditions (at the given location of heat source and
supply.temperature equal to return temperature) allows
a specific flow rate from the nozzle (A) which is high
compared to the value found for the throw equal to room
length.

Diffuser D and a throw equal to the room length gives a
maximum air velocity of 0.23 m/s in the occupied zone.
This corresponds to a dissatisfaction rate of 40% which
is clearly unacceptable. The reason for the failure of
the simple design method may be that the wall jet from
the diffuser spreads quickly and occupies a large area
of the room which increases the velocity level in the
return flow. ’

The need for fresh air in the room depends on its use.
If the room is used as a conference room with space
enough for 6 - 8 persons, the necessary specific flow
rate of fresh air to the room will be either 5.4 h~!

or 3.7 h™' dependent on whether or not smoking is
allowed“. It will not be possible to supply the room
with fresh air through the nozzle in this case, if the
comfort demands are to be fulfilled.

CONCENTRATION MEASUREMENTS

The concentration measurements were performed to deter-
mine the distribution of contamination in the room under
different circumstances. The measurements are performed
under stationary contaminant, air and temperature dis-
tribution conditions. The measuring points are evenly
distributed along a vertical line through the middle of
the room. The tracer gas is supplied through a point
source (diameter 30 mm) placed 1.1 m above the floor in
the middle of the room. For both air terminal devices
the room has been ventilated with specific flow rates of
1 h~!, 2 h~! and 3 h~', respectively. The heat locad has
been varied between 0 W, 400 W and 800 W, respectively.

Normalized concentration distribution

The concentration measurements are normalized in rela-
tion to the concentration mg in the return opening. A
concentration of m/mg of e.g. 2.0 will indicate that
the local concentration is twice as high as the con-
centration in the return opening

10
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Figure 8. Normalized concentration distribution
along a vertical line through the middle of the
room for air terminal device (D) under isothermal
conditions. Specific flow rates of 1 h~!, 2 h-!
and 3 h™' and a tracer gas densities of 1.0 kg/m?,
1,2 kg/m® and 1.84 kg/m?3.
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Figure 9. Normalized concentration distribution
along a vertical line through the middle of the

room for air terminal device (D).

Heat load equal

to 800 W. Specific flow rates of 1 h~', 2 h~! and
3 h~! and a tracer gas densities of 1.0 kg/m3,
1.2 kg/m® and 1.84 kg/m?3.
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The result in figure 8 shows a concentration distribu-
tion in the wall jet created by entrainment of the con-
taminated room air into the primary air. The concentra-
tion is highest around and directly below the source.
The source is placed in an area of-the occupied zone
where the air velocity is very low, and the tracer gas
will reach a high concentration level before it is en-
trained and discharged with the other air in the room.
Measurements by Oppl® show a similar effect when the
source is placed in an area with a low velocity.

With increasing specific flow rate it is seen that the
contaminant distribution m/mg is approximating the dis-
tribution under high turbulent flow conditions in the
room. It is characteristic of this distribution that it
is independent of the specific flow rate, see NielsenSf.
It is seen that the tracer gas density affects the dis-
tribution. Above the source level the highest concentra-.
tions were measured by using tracer gas of low density,
and the lowest concentrations were measured by using
tracer gas af high density. The reverse condition ap-
plies below source level. However, the influence de-
creases at increasing specific flow rate.

The result in figure 9 shows a concentration distribu-
tion which is rather independent of specific flow rate
and tracer gas density. As under isothermal conditions
the concentration is highest around and just below the
source. In the rest of the room the concentration level
is the same as in the return opening. The distribution
may be explained by the large amount of air which is
circulated by the convective heat source, and it may al-
so be explained by a slightly increased velocity around
the source which is measured in the case of heat load in
the room.

CONCLUSION

The design of air terminal devices in ventilated rooms
with a throw equal to the room length does not always
ensure thermal comfort. The air velocity in the occupied
zone does not only depend on the proportions of the
supply opening but also on the flow conditions in the
room.

A convective heat source in the room gives rise to a
large internal volume flow in the room and this means
an equally distributed concentration m/mgr in the room
independent of the specific flow rate.

13
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