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14 (005)  1g3 Y (001 S s
008 < RS — oo
between w2 zone {9-1) center zone 3 w1 zone
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—— : Direction of mean airflow

wiandw2 (near wall)

(1)Numerical values without ( ) show airflow rate through the boundary
surface between blocks (m’/h)

(2)Values in ( ) indicate mean velocity at boundary surface (m/s)

(3)Values of velocity and airflow rate are expressed in values
corresponding to scale model experiment
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38.3 36.9 ar.7
— (€ 37.2 R exhaiat ol
4 7  temperature
e SIS, N ) 78 S 587 390
between w2zone center zone w1 zone o
wi and w2 (unit: °C)

—: Direction of mean airflow

(2) Values between black boxes indicate boundary surface mean temperature
between the blocks

(a) 70y Y OEICFRE & RETFHRE

((1) Values in black box indicate volumetric mean temperature of the block

i heatflux-at the:wall
oBoos M4 ossfg-1 B oo 1 o
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(unit : kcal/h)

4 : (1) Values without square frame are calculated based on
— : heat transport by convection volumetric mean temperature of nearest block
alues in square frame are calculated based on
2) Vall quare i d
exhaust air lemperature; 39.0°C

---» : heat transfer by turbulent diffusion
---> : heat transfer by molecular diffusion * 3’

(Arrow direction of heat transport by convection corresponds to direction of mean amlow,)
those of turbulent diffusion and molecular diffusion correspond to direction of heat flow
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gg 13 Energy budget of
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@ Go %u
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® oo
-
LN G Y
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o §io - 0
- o— . Ly
between w2zone center zone T wlzone  Exhaustopening
1 2
VERE N (unit x107* m*/s?)
@~ correspond to each term of Equation (7.3) — : Direction of mean airflow
@ Convective transport of (+k) ; [, Up(K+k)ds . @ Work done by pressure ; [, U, ®y/olds .
m
@ Work done by Reynolds stress, oY, Uy 2 ¥ dk K+
turbulent and molecular diffusion of (K+k) ; '/;u i{”‘(aTn'a_x: =0 Um]ds = /‘-"_x ax, ds ’f:_' Ty ds,

@ Energy generation (or dissipation) rate within %a8 i
biock by temperature fluctuation and buoyancy ; Js85 5 p,l“l:"" [ UgA00,5av .

(® Energy dissipation rate by turbulence :f‘; dv

outflow from outfiow surface, negative values represent energy inflow at inflow surface.

(1) For @ ~@, outward direction of each block is defined as positive. Positive values represent ene(gy]
(2) For @ and (8, positive values represent energy loss within block, negative values energy gain.
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Pressure balance

between w2 zone center zone w1 zone opening
w1 and w2 G el e
{unit x107* m*/s%)

— : Direction of mean airflow

@ Dynamic pressure

4, Un(+10,85/ @y, | @ Static prossure at each biock ; [y®yoravi [y ,

@ +@" Total pressure ; ([, Up(K+kyds+[, U Pylo)ds)/ Qp .
n "

= Y180 r
@ Total pressure gain (or loss) by buoyancy ; (. fv‘ﬁ’uiagfla““/va!‘:ﬂe"xad")/Q A
® Total pressure loss by turbulence | [£dv/Q

(Qu:f,,Unts. rate of airtiow passing m-th surface  Q : total inflow rate to each block )
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SUMMARY

Study on Air-Mass and Heat Transport within an Atrium
by Means of Experiment and CFD

by MUTSUMI YOKOI

By adapting a scale model experiment and CFD, this study is to analyze the characteristics
of air-mass and heat transport within an atrium featured with the large glass wall, and prepare the
basic data to design the indoor environment. Recently, an atrium has frequently been installed
belonging to large scale buildings. The features of the atrium in respect of the architectural and
thermal environment are; (1) it has generally a large space, (2) glass is used for many areas of the
surrounding wall, (3) for this reason, it is seriously affected by the solar radiation (by absorption
and transmitted solar heat), (4) causing to increase the thermal conduction load extraodinally, (5)
consequently the distribution of the thermal environment factor tends to be large in aspect of time
and space, (6) and the area occupied by persons is generally limited (to the bottom of the space in
many cases).

Since the atrium is characterized with such the items as above, the problems including
local over heat, large vertical temperature difference in summer, and cold draft in winter are
tended to generate differing from the conditions of ordinary room spaces, which requires
sufficient consideration for the thermal environment at the designing stage. Namely, it is desired
to precisely estimate the distribution characteristics of the thermal/air environment, and to
understand the mechanism of the air-mass and heat transport before planning the air-conditioning
and controlling. In these planning and designing, the conventional experience and design method
can sometimes not be extended to employ. Thérefore, the estimations/examinations using a scale
model experiment and numerical simulation have independently been conducted for some
individual projects having a large space/atrium. In addition, a simplified method to estimate the
vertical temperature distribution and air conditioning thermal load has been proposed for practical
work. However, for the clarification of thermal/air environmental mechanism, a systematic study
by examining the effect of factors like heat flux through the walls and air conditioning supply air
to be given to the characteristics of air-mass and heat transport is scarcely found.

Under the circumstance as introduced above, this study employs a scale model
experiment and CFD (Computational Fluid Dynamics) to clarify the mechanism of air-mass and
heat transport within an atrium under cooling and heating conditions by the systematic analysis
making the heat flux through the walls and air conditioning supply/return system a parameter.
This basic study is also provided to develop a method to apply the result above to air
conditioning design.
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For the purpose to understand the basic mechanism of air-mass and heat transport within
the space systematically, this study firstly conducts a scale model experiment while the thermal
environment analysis of an atrium has been attempted individually. The size and position of heat
movement on the wall surface (entering thermal load) are taken as the major parameters, and the
effect of these factors to be given to the internal thermal environment is systematically analyzed.
In addition, the radiative heat transfer between the walls is evaluated in detail according to the
experimental result in order to clanfy the convective/radiative heat transfer characteristics within
the space and the resultant structural formation of the internal environment.

Next taking the inlet/outlet system and the space configuration as affecting factors, the
air-mass and heat transport are studied systematically by means of CFD. These studies allow us
to compare the factors giving effect to the internal environment relatively which leads to
understanding the mechanism of thermal environment.

CFD is a micro-simulation to solve the equation govering fluid, and the detailed
distribution of the velocity field and temperature field over the space, which are difficult to obtain
by experiment or field measurement, can be known by means of CFD.

Because of the vast information, however, it is not always easy to understand the macroscopic
transport structure of air-mass and heat within a space only from the result of the
micro-simulation. Clarifying the macroscopic characteristics of the air-mass and heat trasport
allows us to understand the basic transport mechanism inside the space intuitively offering a very

"

ad geous method for designing air conditioning systems. Then "Macro-analysis method” is

developed to understand the flow field and temperature field analyzed by the micro-simulation.
Based on the result of the numerical simulation corresponding to the scale model experiment
conducted in this study, the transport of air-mass, heat, and total kinetic energy are studied by

standing on macroscopic view.

This paper consists of the following chapters.
The Chapter 1 introduces the purpose and outline of this study.

In the Chapter 2, a model atrium space using glass surface for the ceiling surface or one
of the vertical walls is taken as an object. Under occupied zone cooling condition in summer, the
influence of the convective heat transfer on the vertical temperature distribution, the height of the
conditioned residential area (the height of the region of which temperature mostly equals the inlet
temperature in the residential area), and the diffusion characteristic of the supply airflow are
systematically studied with a 1/20 scale model experiment.

The Chapter 3 also takes the model atrium space under cooling in summer as an object
same as that in the Chapter 2. Here, an experiment of scale model equipped with aluminum
internal wall surface and that with black color wall surface with a known emissivity and the
analysis of radiative heat transfer are conducted to analyze the detailed effect to be given to the




indoor thermal environment caused by the difference of the internal wall surface emissivity and
the characteristic of both convective and radiative heat transfer. In the former Chapter, the
mechanism of formation of room airflow/temperature distribution is studied making the
convective heat transfer a known value. While in this Chapter, defining the flux given at the
walls as a known value, the heat flux is analyzed how it is distributed into radiative and
convective heat transfer. And how the resultant convective heat transfer at walls affects in

forming the indoor thermal environment.

The Chapter 4 takes the model atrium conducting hot air supply heating in winter which
causes conductive heat transfer at the glass surface as an object. A model experiment and
radiation analysis are applied to study on the effect of the cooled surface position, supply of hot
and return air positions given to the radiative/convective heat transfer characteristics at walls and
the indoor thermal environment. Here, the generation state of cold draft on the cooled surface is
studied in detail.

The Chapter 5 takes the atrium under cooling in summer as an object in order to prepare
the data-base for designing the air conditioning of an atrium. For this purpose, the supply
system and supply/return positions are taken into consideration as the affecting factors, which are
not always easy to study by experiment, and each factor is systematically examined about the
effect to be given to airflow/temperature distribution by CFD.

The Chapter 6 takes an atrium space under heating in winter as an object, the effect to be
given by the difference of the factors such as the supply/return system, the position of cooling
surface, space aspect ratio and the like is systematically studied. In addition, the applicability of
the prediction equation for nonisothermal jet, which are frequently used in practical designing, is
studied. .

In the Chapter 7, a macroscopic analysis method to evaluate the macroscopic transport of
air-mass and heat between blocks is proposed by dividing the atrium space into some typical
blocks (occupied zone, perimeter zone, etc.) corresponding to the characteristics of the flow
field. Further, the mutual relationship between macroscopic analysis, CFD and network analysis
are introduced and the significance of the macroscopic analysis is emphasized. Additionally, it
introduces that an advantageous information for environmental planing and air conditioning
designing can be obtained, by means of the macro-analysis based on the CFD result described in
the former chapters, covering the macroscopic structure of air-mass, heat, and total Kinetic
energy within the space, which could not be obtained only from the conventional CFD result.

The Chapter 8 represents the comprehensive conclusion which covers the various
information obtained in each Chapter.
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