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Abstract

This paper presents indoor airflow and thermal environment which is formed by a cooling
jet and a local heat source in a ventilated room. To illustrate the effects of the combined the
plume and the jet-flow, a series of simulated values with different calculated conditions
such as different buoyancy flux are analysed by Fluent simulation software. This paper
presents an index O to describe the physical phenomenon by the thermal interaction
between the cold jet flow and the plume. It is concluded that if the heat source is increasing
considerably, the buoyancy source will be a leading factor of the indoor thermal field,
though its initial momentum is considered to be zero.
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1. Introduction

Non-isothermal airflow of air-conditioning system is used to make an indoor comfortable
thermal environment during summer and winter. Trajectory of the non-isothermal airflow is a key
point to describe not only interaction between the airflow of air-conditioning and indoor airflow,
but also to illustrate heat transfer between them. Plume generated by indoor localized heat sources
is the other important factor to make a contribution to the indoor thermal environment [ 1-3].

However, some published researches related to this area have paid attention to cases either
with the non-isothermal airflow [4-5] or with the plume [6-7]. The published mathematic
description of the non-isothermal airflow includes buoyancy force caused by thermal difference
between indoor air and cooling airflow. But the buoyancy force produced by the plume is not yet
considered in the published mathematical models [8-10].

The trajectory of the non-isothermal airflow also can be simulated by CFD with the
considerations both of the indoor thermal environment and the plume. It can be shown that the
indoor temperature and velocity field caused by the inter-action and heat transfer among the non-

€ ¢ Corresponding Author: Xin Wang

Email: hwl2@sohu.com
© 2009-2012 All rights reserved. ISSR Journals PII: S2180-1363(10)23106X

106



CFD Study on Inter-Action between Non-Isothermal Airflow and Buoyancy Plume in an Air-Conditioned Space

isothermal airflow, the plume and the indoor air. The indoor heat source is simulated as the plume
rising from one point buoyancy source in this paper.

2. Simulated model

The plume generated by the local heat source is of considerable interest to building
ventilation. Many sources of heat generation in buildings may be regarded as being localized, e.g.
computers, equipments, occupants etc. A constant buoyancy flux is often taken as the indoor heat
load of the air-conditioning system, and what is more important is that the ascending plume can
baffle the descending of the cold jet flow. As a result, the inter-action between them will disrupt a
well-mixed thermal environment by the air-conditioning system.

This paper presents the numerical simulations for describing the thermal behaviour of the
inter-action between the buoyancy flow and jet-flow.

A simple enclosure is used for the present analysis, as shown in Figure 1. There is a
competition between the buoyancy source tending to stratify the interior thermal environment and
the momentum source tending to mix it.

3. Case Study

To illustrate the effects of the combined plume and jet-flow, let us consider the room with a
heat source localized on the floor. The room is ventilated by air-conditioning system. A jet-opening
of @=0.4m 1is localized at one sidewall of the room, which is at 3.5m from the floor. The velocity
and temperature of supplied airflow is 1.5m/s and 16  respectively. Since the jet-flow flows over
the heat source, there would be an inter-action between the buoyancy flow and the jet-flow.

This paper presents a series of simulated values with different calculated conditions such as
different buoyancy flux.

Considering the physical simulated modelling and the simulated calculation together, the
simulation software of FLUENT is chose to be used. According to the CFD goals, to build a
rational simulated model is the key point to yield a solution with sufficient reliable accuracy. In the
simulated cases, k-¢ equation is adopted. And the first thermal boundary condition is adopted to
describe the heat transfer. Also the calculated grid encryption is treated for inlet and heater. There
are 38665 grids in total. Type of grid is hexahedral.

inlet of cold jet flow |— | 7
heat source L

outlet

Figure 1. Simulated model for CFD analysis

3.1. Analysis on effects of the indoor hear source

Figure 3(a), (b) and (c) illustrate that the indoor velocity fields, which are driven by the
inter-action between the cold jet flow and the hot plume. Actually, the initial momentum of the
plume can be considered as zone. So the natural convective between the indoor air environment
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and the heat source is the driving force behind the ascending plume. Velocity of the plume can
be increased smoothly when the volume of the heat source Q is from 100W to 300W. The
velocity would be increased to 0.15m/s directly when Q=1000W, and the effect of the plume Q
on the cold jet flow is more clearly and effectively.

The velocity field of the cold jet flow is really affected by the ascending plume.
Actually, indoor air temperature field is made by the heat transfer among the heat source, the
indoor airflow and the cold jet flow. When Q is from 100W to 300W, temperature difference
UT between the cold jet flow and the indoor air is still the key point of the jet flow’s trajectory,
just like what we thought about traditionally. And what is more important is that the ascending
plume has more effect on the air jet than [T if Q is larger. For example, When Q=1000W, the
ascending plume will against the descending of the cold jet flow, though [T is becoming larger
at the same time because of the larger Q.

The temperature field in the room is totally different from the velocity field, shown in
Figure 3(d), (e) and (f). Boundary of temperature field of the jet flow is also different from its
velocity boundary. Under the heat transfer, the ascending temperature boundary of the plume
can be at about 1.5m when Q <300W. The ascending boundary can be lift up by the larger heat
source. Its boundary will be at 1.8m, if Q=1000W.

(d)

Figure 2. Simulated results for velocity and temperature field

When Q<300W, indoor heat source can be considered as a part of cooling loads of the
air-conditioning system as usual. The cold jet flow diffuses the cooling in the room to make the
indoor air temperature field uniform. On the contrary, larger heat source can block the spread of
the cooling to working zone of the room. As result, the temperature of the working zone would
be little higher than temperature field of the cold jet flow in the middle zone of the room. So it is
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concluded that the inter-action between the heat source and the cold jet flow can affect the
indoor temperature field.

3.2. Analysis on effects of the inter-action

Heat transfer between the cold jet flow and the indoor air is the driving force behind the
cold jet flow’s trajectory. It can be described by the equation written as [8]:
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Heat transfer between the heat source and the indoor air is the driving force behind the
ascending plume. It can be predicted by the equation written as [11]:
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The paper presents that 6 is used to analyze the inter-action between them, which can be
defined as:
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The simulated case is taken as the analyzed object to describe the effects of Q and |
T/Te on index 0. As the figure 4 shown, both of Q and , T “are key points for the thermal
behaviour in the ventilated room. If Q is a small-flux hear source, the effect of Q would be
ignored on index 0, compared with | T. If a larger-flux heat source in the room, effects of Q
and , T on the inter-action are of approximately equal strength. If the heat source is increasing
considerably, the buoyancy source will be a leading factor of the indoor temperature field.
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Figure 3.The effects of Q and , T/Te on index 6
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4. Conclusions

This paper presents an index 0 for describing the thermal behavior of inter-action between the
buoyancy flow and cold air jet-flow. The plume can block the spread of the cooling to working zone
of the room, and has a bad effect on well-mixed thermal environment of the working zone.

If the heat source is increasing considerably, the leading factor of the indoor airflow and
temperature field will be changed from the cold jet flow to the plume. Because the thermal inter-
action is the driving force behind the indoor thermal field, which is related with Q and | T/Te..

It is concluded that the indoor heat source is not only considered as a part of the indoor
cooling load, but also the ascending plume by the heat source can not be ingored, especially by the
larger-flux heat source.
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Nomenclature

Ly density of cold jetflow / kg/m’
I density of plume / kg/m’
e density of indoor air / kg/m’
b radius of plume /m
H nozzle height /m
y descending distance /m
entrainment constant parameter

a coefficient of turbulence flow
0 flux of buoyancy source / kW
T. indoor air temperature /
Ty cold air temperature /
3 Air Supply Angle/°
dy radius of jet /m
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