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ABSTRACT OF THESIS

Title Analysis and Prediction of Heat Transfer and Airflow
in Underfloor Air-Distribution System with Pressurized

Floor Plenum

Author Hisashi FUJITA

Automated electronic equipment is now widely used in offices, many of which have introduced
raised floors to conceal the inherent cables. The raised floors provide floor plenums and help
underfloor air-distribution systems to be realized. The underfloor air-distribution system "with a
pressurized floor plenum", the subject of this thesis, is defined as an air-conditioning system in
which conditioned air pressurizes the floor plenum to flow in the room through floor-mounted air
outlets, and is one of the most popular types in Japan. This type of system has advantages because
neither ducts nor fans are situated in the floor plenum and it allows easy relocation of air outlets.
Compared with other types and conventional overhead systems with ceiling-mounted air outlets,
this type additionally has the following advantages, which have not been well researched or

evaluated so far for application to air-conditioning design.

1) Vertical air temperature stratification often occurs in rooms air-conditioned by the underfloor
air-distribution system, and is not desirable from a comfort point of view, but useful to take heat
out of the room efficiently. This means that prediction of the room air temperature profile helps
to optimize the balance between comfort and energy saving.

2) The airflow rates through floor-mounted outlets from the pressurized floor plenum are affected
by the floor plenum configuration, and usually differ from one another to a greater degree as the

height of the floor plenum decreases. A low height of floor plenum is required to cut the building



construction cost, and an easy prediction method is needed which ensures that the airflow rate
through each outlet meets the specified value.

3) Heat transfer between the air and the surrounding components of the floor plenum affects air
temperatures at floor-mounted outlets, and may be utilized for storage of heat and cold. A
prediction method of the heat transfer is necessary to keep the air temperature at each outlet

within the allowable range and to study the feasibility of thermal storage operation.

The above 1) is an issue related to the room air, and on the other hand the above 2) and 3) are
related to the floor plenum, which is connected to the room air with the airflow rates and air

temperatures at the floor-mounted outlets. This thesis deals with these issues.

This thesis consists of 5 chapters, of which Chapter 2, Chapter 3 and Chapter 4 correspond to the

above issues 1), 2) and 3) respectively.

Chapter 1 defines the underfloor air-distribution system with a pressurized floor plenum, the

subject of this thesis, and shows the objectives of this research.

Chapter 2 explains a simple prediction model of the room air temperature profile, i.e. the
relationship between the room air temperature and the height above the floor. Such prediction is
also possible by computational fluid dynamics (CFD), which demands complicated input work,
especially for intricate configurations of floor-mounted outlets, as well as a long computational
time, and is therefore not suitable for everyday design work. This is why a simple prediction model
is asked for.

Room air temperature profiles were measured in a full-scale test room under various conditions
of air outlet types, air outlet flow rates and room heat loads, and classified in accordance with the
estimated airflow patterns. Based on this classification, a model for the prediction of room air
temperature profiles was developed. The values of the coefficients necessary for simulation were
derived from experimental results. The model developed using these coefficients predicted well the
measured profiles.

Comparison between the room air temperature stratification caused by the underfloor system and
the uniform room air temperature showed that the former bears less heat load within the occupied
height and raises the temperature within the occupied height less in the case of an increase in the
room heat load.

Air leakage through gaps between floor panels into the room was incorporated into the prediction
model. The simulation with this revised model showed that, with a constant ratio of the air leakage
rate to the supply airflow rate, the room air temperature stratification grows as the equipment heat
load increases, and that a change in the air leakage ratio affects the stratification more as the

equipment heat load increases.



Chapter 3 presents a method of keeping the airflow rate from each outlet within the preset range
even with a low height of the floor plenum. Little research has been carried out on how to predict
the airflow in the floor plenum, and no verification of the prediction methods has been undertaken
with full-scale floor plenums.

Isothermal measurements were made with a full-scale experimental floor plenum measuring
approximately 7 m by 6 m by 0.04 or 0.15 m (void height), and consisting of floor panels, plenum
void and a concrete slab. The measurement results indicated that a vortex or a unidirectional airflow
around a floor-mounted outlet in the floor plenum reduces the air outlet flow rate, which can be
recovered by setting straight vanes around the outlet,

3-dimensional CFD with the k- € turbulence model of the 2 equation type simulated well the
measured airflows only in the case where floor panel support jacks were incorporated into the
computational grid system. It was found that, in order to predict the air outlet flow rates, air outlet
characteristic data should be input and the CFD results of the static pressure in the floor plenum
should be adjusted. These findings were expressed in the form of a flow chart, which proved
accurate enough for practical use by comparing the calculation and measurement results.

The following procedure is recommended to keep the air outlet flow rates within the preset range
with a low height of the floor plenum. Firstly, set straight vanes around floor-mounted outlets to
lessen the effects of vortexes and unidirectional airflows, bringing the air outlet flow rates up to the
values expected from nearby static pressures. An additional step for uniformity of the air outlet
flow rates is to reduce the airflow velocity in the floor plenum for uniform static pressure. The

effect of this step can be evaluated by a combination of the above-mentioned flow chart and CFD.

Chapter 4 deals with the heat transfer around the floor plenum, presenting a "1-dimensional (1D)
model" and a "developed 1-dimensional (D1D) model". The former is for easy prediction of
temperature changes and thermal storage in the building mass, while the latter is for simulation of
horizontal temperature variations in a steady state. Some past investigations tried to model the heat
transfer in the floor plenum, but those models were not verified well and not suitable for general
use.

The convective heat transfer coefficient, an influential factor on heat transfer between air and
surface, was measured, and was found to be in accordance with Jurges's equation for airflow
velocities above approximately 2 m/s. For lower velocities, an approximate equation was derived
from the measurement results, including the temperature difference between air and surface as a
variable, and its accuracy was confirmed with the measured values. This approximate equation and
Jurges's equation can give a convective heat transfer coefficient at any airflow velocity. ‘

These two equations were incorporated into the above-mentioned "1D model" and "D1D model",
and the calculation outputs of both models were compared with the measured results. The

horizontal variations of temperature and heat flux in a steady state simulated by "D1D model”



showed some places where the calculated value differed significantly from the measured value.
However, predictions of the overall heat flow through each component of the floor plenum, such as
the whole supply air, all the floor panels and the whole concrete slab, differed little from the
measured values. The convective heat transfer coefficient of "1D model" needs to be adjusted
because of the simplifying assumptions made in the model. This was adjusted on the basis of the
steady state measurement results. The temperature change simulated by "1D model" showed a
maximum difference of approximately 0.2 K between the calculated and measured values, and little

difference as a whole.

Chapter 5 summarizes the findings described in each chapter and gives a conclusion, referring to

some issues to be studied.

The prediction models / method have been presented in relation to all the above-mentioned issues
1), 2) and 3), and it has been confirmed that these models / method can simulate the measurement
results sufficiently well for practical design purposes. These models / method are expected to
provide useful tools for designing and operating the underfloor air-distribution system in an

energy-saving and economical manner.



