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Chapter 1: Introduction

1.1 Background

As the global economy grows and people increasingly rely on online offices,
people are spending more and more time indoors. People spend an average of 80 to 90%
of their time in indoor environments.[!![?], Buildings are becoming more and more
airtight, and when ventilation systems are not properly selected, indoor air quality will
decrease and cause health problems, resulting in lower productivity. A comfortable and
pleasant indoor thermal environment can enable indoor personnel to achieve a
refreshing and good mental state and make people feel joyful.[*]

The primary purpose of ventilation is to provide acceptable indoor air quality and
thermal comfort.[¥@ HVAC (Heating, ventilation, and air conditioning) system is the
fastest and most effective way to meet human thermal comfort ¥l by regulating air
supply speed, indoor temperature, humidity and other relevant thermal environment
parameters.

Since development of HVAC system, according to the direction of mechanical and
thermal buoyancy, it can be divided into two main types: mixing ventilation
(mechanical ventilation momentum and thermal buoyancy opposite) and displacement
ventilation (mechanical ventilation momentum and thermal buoyancy the same).[>) As

shown in Figure 1 and Figure 2.
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Figure 1 Mixing ventilation [6] Figure 2 Displacement ventilation (¢!




Displacement ventilation is difficult to use for winter heating, while energy
consumption of mixing ventilation is too high, in order to overcome these problems, a
new air distribution pattern known as air curtain jet (ACJ) ventilation [”) was presented.

As shown in Figure 3.
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Figure 3 Air curtain jet ventilation (4]

At present, the most widely used ventilation methods are mixed ventilation and
replacement ventilation, but the mixed ventilation method has high energy consumption
and displacement ventilation cannot be applied to winter heating. Due to the
disadvantages mentioned above, a new ventilation method combining the advantages
of traditional ventilation system, known as air curtain jet (ACJ) ventilation "] was
proposed. Subsequently, a series of studies have been conducted on it, and all of them
have shown that ACJ has good ventilation effects. However, the effect of this new

ventilation method on high-intensity intensive heat sources has rarely been discussed.

1.2 Objectives

In this paper, a physical model of a room with 12 people sitting quietly in the office
will be designed, where the people in the room and the electronic devices are used as
heat sources to dissipate heat to the outside, in order to simulate a space with a dense
distribution of heat sources and high heat load intensity. In addition, a working
condition with reduced indoor personnel will be designed as a comparison, by reducing

12 people to 8 people to simulate the case of the reduction of heat load in the office



room.

Moreover, when considering that if there are more people in the room, the front
row of people near the air conditioning supply vents are subjected to direct blowing,
the wind speed is a big influence factor; besides, when considering whether the front
row of people will produce a sense of cold, therefore the human thermal also needs to
be discussed.

The research in this paper will be divided into two cases of high intensity heat
source and low intensity heat source, adjust the air supply variables by changing the air
supply speed (v=2m/s, v=1.5m/s), analyze the indoor flow field characteristics of using
air curtain jet (ACJ) ventilation under different heat source conditions by CFD
numerical simulation method and ANSYS Fluent software, plus calculate the thermal
comfort, get the influencing factors of the vertical wall attached air supply method and
the changes of airflow field when the heat source intensity changes. Finally,
recommendations for the use of the new ventilation method will be made based on the

conclusions of the analysis.

Chapter 2 Literature review

2.1 Traditional Ventilation

Since the development of the HVAC (Heating, ventilation, and air conditioning)
system, the modes of ventilation can be divided into two main types: mixing ventilation
((mechanical ventilation momentum is opposite to thermal buoyancy) and displacement
ventilation (mechanical ventilation momentum is the same as thermal buoyancy) 8

according to the direction of mechanical and thermal buoyancy.
2.1.1 Mixing ventilation

Mixing ventilation is the most widespread ventilation system.[’) The ventilation



system sends airflow into the room from the upper place of room at a relatively high
speed, mixing it thoroughly with the room air and distributing it uniformly.[*]

When mixing ventilation is used in large spaces, the supply air jet is the first to
pass through the upper non-working area, and then the return air is used to handle the
work area load, which will result in energy waste. Meanwhile, the high momentum of
the supply airflow, which also fully mixes the contaminants, which cause poor air
quality.['!]

Although mixing ventilation occupies the mainstream form of the current
ventilation and air conditioning market, it has lower ventilation efficiency and higher

energy consumption compared with displacement ventilation.[!?]

2.1.2 Displacement Ventilation

Displacement flow is defined as the movement of air within a space in a piston or
plug-type motion.!'3] Displacement ventilation sends airflow from the lower place of
room at a lower speed, relying on the pressure difference due to the density difference
as the driving force for the flow of air in the room. Since the supply airflow is cooler
and sinks, the airflow flows downward, forming an airflow organization similar to an
"air lake" at ground level. In upward flow process, the airflow continuously rolls up the
surrounding airflow, and the thermal convection caused by the heat source makes the
room produce a vertical temperature gradient: higher temperature at the top while lower
temperature at the bottom,H4131016]

Displacement ventilation performs better comfort in living areas than mixing
ventilation.l'”l In addition, Awbi, H.B. U8 compared mixing ventilation and
displacement ventilation systems by means of experimental methods and CFD
numerical simulations, showing that displacement ventilation performs better
ventilation efficiency and thermal comfort than mixing ventilation. [!]

However, because of the low air supply speed and small air supply temperature
difference when using displacement ventilation, the indoor load is limited; in addition,

the warm air flow tends to float under the action of floating force, so it is difficult to be



used for winter heating.?"]

2.2 Air curtain ventilation.

Displacement ventilation is difficult to use for winter heating, while the energy
consumption of mixing ventilation is too high, in order to overcome these problems, air
curtain jet (ACJ) ventilation [*!] was presented. Air curtain jet ventilation is a new air
distribution pattern, which has been developed by Coanda effect [*2! and Impact Jet
Ventilation (IJV).[231241 1t takes advantage of the wall-attached effect of the air supply
jets and rationally controls the physical parameters of the jets to extend its range and
maximize the expansion of the air supply along the floor. The airflow is transported to
the working area, form a "lake of air" phenomenon and create an airflow organization

similar to displacement ventilation.[?>11261(27] As shown in Figure 4 and Figure 5.
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Figure 4. Explanation of displacement airflow.[?4] Figure 5. Explanation of air curtain ventilation. (4]

The Coanda Effect is the property of a jet of viscous fluid, when the fluid with a
certain initial velocity from the orifice is shot out, will be rolled to absorb the
surrounding environment fluid, the jet will be deflected toward the side of the fluid flow
resistance, the jet is attracted to the nearby wall or with the convex wall on the wall to
maintain contact.[?®]

Due to the existence of a certain inertial momentum of the jet, will continue to
maintain the original direction of flow along the surface, until the point of
disengagement and the floor impact, the flow of air along the floor continues to remain

attached to the floor flow phenomenon, known as the Extended Coanda Effect (], As



shown in Figure 6.
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H. Xue and C. Shu B% used of two-dimensional turbulent flow model to calculate
the velocity and temperature of the distribution of vertical wall attached jets under non-
isothermal conditions. Crarft, T and Launder,B [3!l used the pressure-stress model to
study the flow law of three-dimensional turbulent advective jets, some unknown
problems of three-dimensional turbulent flow attached jets were solved.

Y. Cho, H. Awbi % conducted theoretical studies and experiments of the multi-
nozzle jets flow along vertical walls, compared them with displacement ventilation,
which concluded that the "air lake" formed on the floor by the top-mounted multi-
nozzle jet ventilation mode is better than the airflow organization effect of displacement
ventilation.

Zhang, W 3] ysed visualization experiments to investigate the vertical wall-
attached effect of adhesive jets and flow patterns in three regions: the horizontal air lake
region, the vertical adhesion region and the impact deflection region. Established a
more comprehensive qualitative understanding of the characteristics of the vertical
wall-adhesive airflow organization.

Yin, H ¥ proposed a design method for air curtain ventilation, and evaluated

thermal comfort effectiveness of vertical wall-attached ventilation. The results showed

10



that the vertical wall attachment ventilation jet is a form of airflow organization with
high ventilation efficiency and good thermal comfort for personnel in work area.
Wang, R 33 and He, X [3] showed that air curtain ventilation can provide good

performance both in summer and winter.

2.3 Computational Fluid Dynamics (CFD)

When we study the fluid motion, the specific parameters in the flow field (such as
density, velocity, temperature, pressure, etc.) with time and space, if we obtain empirical
data through experimental methods, it not only takes time but also consumes a lot of
human and material resources; in addition, for some practical engineering problems in
tall spaces, it is difficult to do exactly the same laboratory simulation. If we start to
analyze the air flow quantitatively from the theory, it is very difficult to solve it by
analytical method. For these reasons, people gradually began to use computer
technology to solve the problem of fluid flow, that is, computational fluid dynamics
(CFD). 7]

The basic idea of CFD is that by discretizing the continuous physical field in space
and time coordinates, control equations are transformed into a set of algebraic equations
(i.e., discretization equation) on each node based on the discrete generation grid of the
spatial and temporal domains of the computational model, and then solve the algebraic
equations built up in this way to obtain an approximation of the requested variables. 3]

Finite difference method (FDM), finite element method (FEM), finite volume
method (FVM) is commonly used methods for discretizing control equations, among
them, FVM is currently the most widely used in the field of CFD. *]

In 1987, CFD technology was first applied to HVAC (Heating, ventilation, and air
conditioning) field, %1 since then, CFD simulation techniques have been widely used

for the simulation of gas flow and airflow organization in ventilation spaces.
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2.4 Thermal comfort

Thermal comfort is defined as the condition of mind which expresses satisfaction
with the thermal environment. It is influenced by four indoor climate factors: air
temperature, radiation temperature, air speed, humidity, clothing insulation and
metabolic rate.[*!

Fanger P.O. created the thermal comfort evaluation index PMV-PPD model to
describe the thermal feeling of human body.!*!! Predicted Mean Vote (PMV) is defined
as an index that predicts the mean value of the votes of a large group of persons,
represents the perception of most people in the same environment. !

ASHRAE thermal sensation scale %! is defined as follows:

therrngl hot warm slightly neutral slightly cool cold
sensation warm cool
PMV +3 +2 +1 0 -1 -2 -3

Table 1 the ASHRAE thermal sensation scale

and comfort standard is defined as -0. 5< PMV <0. 5, PPD<10%.[40]

However, PMV indicators may not represent the feelings of all individuals because
of the physiological differences. Therefore, Fanger proposed the Predicted Percent
Dissatisfied (PPD) index to represent dissatisfaction with the thermal environment.
Predicted Percentage of Dissatisfied (PPD) is defined as an index that establishes a
quantitative prediction of the percentage of thermally dissatisfied people determined
from PMV. [40]

The relationship of PMV and PDD is as follows: [40]

PMV = [0.303exp(—0.036M) + 0.028] x TL
= [0.303exp(—0.036M) + 0.0275]
x {M — W — 3.05[5.73 — 0.007(M — W) — P,]
—0.0173M(5.87 — P,) — 0.0014M(34 — t,) — 0.42(M — W — 58)
—3.96 X 10 — 8fy[(ty + 273)* — (&, + 273)*] — fyh.(tg — t)}

12



PPD = 100 — 95exp[0.03353PMV* + 0.2179PMV?]

Where,

TL is the thermal load;

M is the metabolic rate, W /m?;

W is the work rate, W /m?;

P, is the pressure of water vapor, kP,;

t, is the air temperature, °C ;

fo1 1s the ratio of clothed /nude surface area;

t; 1s the clothing surface temperature, °C;

h. is the convective transfer coefficient, W /(m? - K);

t, is the Mean Radiant Temperature, °C.

13



Chapter 3 Materials and methods

3.1 Geometry

The physical model was designed as an office with dimensions of (L X W X H)

6.5mx5.5mx3m. A slit air conditioner inlet and air conditioning return outlet and 2

fluorescent lights are installed on the ceiling. 2 desks are located in the middle of the

room, 12 laptops are placed on the desks and 12 people sit in silence. At the back of the

room, a table and a printer are placed. The layout is shown in Figure 7.

Air conditioning
return outlet

Air conditioning slit inlet

0.000 2.500 5.000 (m)

1.250 3.750

Figure 7. Layout of the room
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The dimensions of the other objects are shown in Table 2.

people 0.6m X 0.5m X 1.2m (L X W X H)
desk 3.6m X 0.8m X 0.7m (L X W x H)
laptop 0.4m x 0.22m X 0.02m (L X W x H)
table 1.5m X 0.8m X 0.5m (L X W X H)
printer 1m X 0.8m X 0.5m (L X W x H)
lamp 3m X 0.5m (L xW)

inlet 2m X 0.05m (L x W)

s = 0.1m (s is the vertical distance between
the air vent and the wall)
outlet 0.4m x 0.4m (L x W)

Table 2. Dimensions of the other objects

3.2 Turbulence models

3.2.1 Governing equations

The general fluid flow is controlled by basic control equations which determine
the fluid motion. There are three major conservation laws of physics: Mass
Conservation Equation, Energy Conservation Equation and Momentum Conservation
Equation. Viscous fluid motion model can be described by the three-dimensional
Navier-Stokes equation (N-S equation) and solved by Reynolds averaging method.
Reynolds-averaged Navier-Stokes equations (RANS) [*?I method assumes that the flow
field variables in the N-S equation consist of two components, the instantaneous mean
and the pulsation. By introducing turbulent momentum, heat and mass diffusion
coefficients through the Boussinesq assumption, relate the turbulent pulsation values to
the time-averaged values, the turbulence calculation is transferred to ratio coefficient
calculation between Reynolds-stress and strain (i.e., turbulent viscosity coefficient).
Which reduce the computational loads and save space and time. It is the reason that the
RANS method has become the most widely used method for numerical simulation of
turbulence.

The Governing equations based on the Reynolds averaging method (RANS)

15



include [4?! ;

Mass Conservation Equation

dp | 9(pwy)
at * oxi 0
Momentum Conservation Equation
a(pul) ou; du; ap
at puL) - ox, o o - puit = Tox, T
Energy Conservation Equation
a(pT) d(pwT) 0 AT  —
=— T
ot * 0x; dx;\cp ax 'Du 51

Where,

u; is the fluid velocity;

p 1is the pressure;

p is the density;

p is the fluid kinematic viscosity;
t is the time;

T is the temperature;

S is the Source item.

3.2.2 Selection of turbulence equations

Reynolds stresses (pu{u]f ) occurs after Reynolds averaging of the momentum

equation, and the RANS equations for each stress component of the convective
transport equation need to be solved. If the Reynolds averaging of the stress

components of the convective transport equation continues, it will lead to the

appearance of higher order unknowns (w;uju; ) , this will lead to an infinite number

16



of unknowns, and the whole set of equations will never be closed. In this way, it is
necessary to use some specific relations that relate the additional term of the turbulent
pulsation values to the time-averaged values (i.e., the turbulence model) to close the set
of equations.

Depending on the assumptions made or the treatment of the Reynolds stress term,
there are two main categories of RANS turbulence models: Reynolds stress models and
vortex viscosity models. Among them, Reynolds stress models include algebraic stress
models and Reynolds stress transport equation models, 431 in which differential
equations are directly developed and solved for turbulent pulsating stresses. This type
of method is usually computationally intensive and requires high computer
requirements. Vortex viscosity models, including zero-equation models, one-equation
models, and two-equation models (e.g., k - € models, k - ® models). [44]

K-o model is one of the most commonly used turbulence models, ¢ it is more
applicable to uniform counterpressure flow and better predict the performance of strong
streamline bending and corner flow. The SST k-o model is a modified form of the
standard k-o model, it has same predictive properties of the k- model in the near-wall
region and far-wall region. In addition, SST k-® model can successfully simulate the
associated thermal stratification phenomena and thermal plume structure. [46]

Yin, H and Li, A ! used computational fluid dynamics methods to compare the

four turbulence models: standard k-&, SST k-, RNG k-e¢ and RSM-IP model. They also

conducted a full-scale experiment. SST k—w model produced the best result.

3.3 Discretization

The Meshing component of ANSYS Fluent 2021 R2 software is used for
discretization. Finite Volume Method (FVM) discretizes the physical model by

structured hexahedral structure.

3.3.1 Grid independence validation

The grid division influences the precision of the calculation results and also

17



affects the calculation efficiency. Therefore, both computational accuracy and
computational efficiency should be considered when selecting the number of grids. The
calculation results of velocity and temperature when 11 points are randomly selected to
check different grid numbers are shown in Fig.8 and Fig.9. The results show that both
velocity and temperature do not differ much. The difference of velocity is not more than
0.1 m/s, the difference of temperature is not more than 3 °C. Considering the calculation

time, the number of grids is chosen as 137502.

0.7
0.6
é 05
% 04 —®— The number of grids is
5 03 137502
g 02 —®—The number of grids is
0.1 347969
0

01 2 3 45 6 7 8 9 1011
Grid independence test

Figure 8

303
302
301
300

299
298 —@— The number of grids is
297 137502

296 —®—The number of grids is
295 347969

294

293

Ttemperature K

01 2 3 4 5 6 7 8 9 1011
Observation Point

Figure 9

3.3.2 Grid division

Cross-sectional in the xy-plane, z= 1.5 m.
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Figure 10

After the mesh independence verification, the number of meshes is determined as

137502, is shown in Fig10.

3.4 Numerical simulation

3.4.1 Boundary conditions

To simplify the problem, the following assumptions are made about the indoor
flow field:

The air in the room is a steady-state, incompressible fluid that conforms to the
Boussinesq assumptions.

Ignore the heat radiation between the solid walls.

The airtightness of the doors and windows in the room is good, and there is no air
leakage effect.

Isobaric flow in accordance with the equation of state of the gas.

Air in the room is incompressible three-dimensional unsteady turbulence, the air
can be considered as an ideal gas, the variation of density with temperature is in
accordance with Boussinesq hypothesis, and the solid walls are all stationary without

sliding walls. The boundary conditions are set as shown in Table 3.
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Item Boundary condition

person heat flux 25W / m?

laptop heat flux 15W / m?

printer heat flux 34W / m?

lamp heat flux 34W / m?

table heat flux O0W / m? (Adiabatic boundary)

desk heat flux 0W / m? (Adiabatic boundary)
wall, floor, roof heat flux 0W/m? (Adiabatic boundary)

outlet outflow

inlet velocity-inlet Vi=2m/s, V>=1.5m/s,

T=293.15K, Dy=0.09m, 1=5%
Table 3. Boundary conditions
Where

V is the Velocity Magnitude [m/s]
T is the Temperature [K]
I is the Turbulent Intensity [%]

Dy is the Hydraulic Diameter [m]

3.4.2 Solver Settings

In this study, air fluid is considered as a three-dimensional continuous
incompressible fluid, flow are constant.

Since the simulation involves temperature, it is also necessary to start the energy
equation and to consider the effect of gravity by setting the gravitational acceleration
along the vertical direction. The Pressure Based Implicit format is chosen, the Second
Order Upwind format is used for the discrete format of the convection term, and the
Pressure-Velocity Coupling method is used for the SIMPLE algorithm.

The calculation uses a non-stationary solution with a time step size of 3 s per
iteration, 20 max iterations per step, and 600 iteration time steps. In another way, the

room is considered to reach a steady state temperature in 30 minutes (i.e.,1800 s).

20



3.4.3 Model convergence determination

From Table 4, it is seen that the model calculation results converge

Value Absolute Criteria Convergence Status
continuity 6.956113e-06 0.001 Converged
x-velocity 4.929147e-05 0.001 Converged
y-velocity 6.028996e-05 0.001 Converged
z-velocity 0.0001452449 0.001 Converged

energy 3.313124e-07 le-06 Converged

k 5.79756e-05 0.001 Converge

omega 4.72907e-05 0.001 Converged
Table 4

3.4.4 Validation of the results

This section compares the numerical simulation results with the literature studies
to verify the accuracy.
Results are as follows:

(1) Comparison of the numerical simulation results with the experimental results

in the literature (3 (Figure 11):
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(2) Comparison of the numerical simulation results with the theoretical diagram in

the literature ?!! (Figure 13):

Jet inlet
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L R h point Floor
Region 11
Figure 13 Figure 14

The Coanda effect phenomenon was successfully simulated using the SST k-w
model. As can be seen from the traces of the numerical simulation results (Figure 12,14),
the airflow adheres to the wall and spreads against the ground, successfully forming an

"air lake".
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Chapter 4: Simulation results and analyzation

4.1 The effect of air supply speed on the overall velocity flow field

4.1.1 Results Analysis

Case 1: X=2.7m

Velocity Contour

v=2m/s v=15m/s

Figure 15

From the velocity distribution diagram (Figure 15) of case 1 (cross-section at the
center of the air outlet), it can be seen that the airflow is sent straight down from the slit
air outlet at the top of the room, attached to the vertical wall to support vertical
downward flow and sinks by gravity. Due to the existence of the inverse pressure
gradient, the jet flows along the vertical wall until it impacts with the floor and changes
direction, turning to the horizontal direction and spreading along the floor to form a
layer of air lake near the floor.

From the case 1, it can be intuitively seen, because there is no object to obstruct

23



the flow of gas, the wind speed from the air supply outlet to the ground basically
unchanged, the airflow in the horizontal direction after a certain distance attached to
the wind speed decreases in a gradient. At the wall near the air supply outlet, the airflow
velocity at the ground attachment area and the return air outlet is the largest, which is
maintained in the range of 1.2m/s~0.5m/s.

The wind speed in the lower half of the air lake in the vertical direction is
significantly greater than the upper half of the region, and the vertical speed gradient
mainly exists at about 0.5m to 0.7m. The airflow speed in the above region is stable and
basically in the speed range of 0m/s~0.3m/s. The air supply airflow above the working
area is less mixed with the surrounding ambient air and remains stationary without
being disturbed by the air supply airflow. When the wind speed is reduced from 2m/s
to 1.5m/s, the airflow organization and velocity field distribution of the characteristic
section at the air supply outlet is basically the same. The difference in wind velocity

distribution pattern is not much, but the overall wind velocity is slightly different.

Case 2: X=3.05m

v=2m/s v=15m/s

Figure 16
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It can be seen from Figure 16 that the airflow is basically the same as that in Case
1, the airflow is sent straight down from the slit air outlet at the top of the room, attached
to the vertical wall to support the vertical downward flow, and sinks by the action of
gravity. Due to the existence of the inverse pressure gradient, the jet flows along the
vertical wall until it impacts with the floor and changes direction, turning to the
horizontal direction and spreading along the floor to form a layer of air lake near the
floor. Due to the obstruction of indoor equipment, the wind speed in the back half of
the work area is reduced, creating a weaker lake of air above the floor.

The air supply airflow above the working area is less mixed with the surrounding

ambient air and is basically not disturbed by the air supply airflow.

Case 3: X=1.95m

il

v =2m/s v =15m/s

Figure 17
It can be seen that the airflow is sent straight down from the slit air outlet at the
top of the room and attached to the vertical wall; Because of't the presence of the inverse
pressure gradient, the jet flows along the vertical wall until it impacts with the floor and

changes direction, turning horizontal and spreading along the floor. The airflow should
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have spread in the horizontal direction against the ground to a certain distance, but
because the air encounters the indoor obstructions, the wind speed changes drastically,
and the airflow escapes everywhere. Therefore, the wind speed in the latter half of the
working area is very small, and there is basically no air lake phenomenon. The
maximum wind speed is at the edge of the wall and the front wall, which is kept in the
range of 0.5m/s to 1m/s. When the wind speed is 2m/s, backflow is generated above the
working area, and the air is spinning above; the velocity distribution shows cyan
surrounded by blue, which is an obvious vortex phenomenon. After the formation of
vortex, after a period of air supply, so that the local wind speed increased by 0.1m/s,
the velocity field distribution is not uniform, when the air supply speed is reduced to
1.5m/s, the overall indoor wind speed changes also become smaller, the maximum wind

speed of the work area where the personnel is 0.2m/s.

Case 4: X=1.5m

v=2m/s v=15m/s

Figure 18

As can be seen in Figure 18, the maximum wind speed appears at the ground level
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on the left side of the figure with a wind speed of 0.4 m/s. After the airflow adheres to
the floor at a certain distance in the horizontal direction, the inertial force is weakened,
the horizontal adherence range is limited, and the airflow is blocked by the desk, the
airflow direction is changed and a vortex structure with an obvious wind speed gradient
is formed, the wind speed difference is about 0.1 m/s. The indoor flow field is more

turbulent in the height direction.

Case 5: X=0.35m

v =2m/s v =1.5m/s

Figure 19
As this section is far from the air outlet, the maximum wind speed is basically
located at the ground level in the front of the room corresponding to the air outlet, and
the maximum wind speed is only 0.4 m/s. This is due to the airflow in the horizontal
direction after a certain distance of attachment, the inertial force is weakened, and the

horizontal attachment range is limited, so the air conditioning air cannot reach the result.
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4.1.2 Summary

Using the new wall-mounted ventilation method, the airflow is sent straight down
from the slit air outlet at the top of the room at different air supply speeds and flows
vertically downward by attaching to the vertical wall, separating from the vertical wall
at about 0.5 m in the vertical direction and changing direction. The air flow is diverted
to diffuse forward along the horizontal floor and forms an air lake on the floor.

With the characteristic cross-section gradually moving away from the air outlet
(cases 1 to 5), the large wind speed area is mainly concentrated on the floor and the
wall near the side of the air outlet. In addition, the airflow in the horizontal direction
after a certain distance, the inertial force is weakened, the horizontal attachment range
is limited, the air cannot reach the location far away from the air conditioning outlet too
far, the cool air does not completely affect the entire room area, so the room tends to
show an imbalance between hot and cold. As the cross-section gets closer to the air
outlet, the distribution of the air velocity field becomes more regular, and the wind
speed is gradually smoothed.

When there are no objects to block (such as case 1), an ideal air lake-like velocity
distribution can be formed in the working area. When the ground air supply intersects
with indoor equipment and personnel (such as case 2 to 5), the free flow of gas is
obstructed, disrupting the route of the fluid and generating vortex phenomenon, and the
wind speed changes sharply at the intersection. When the air volume is not large enough,

the air will escape in all directions.
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4.2 The effect of air supply speed on the overall temperature flow

field

4.2.1 Results Analysis

Case 1.1: X=2.7m

Temperature Contour

Temperature
Contour 1

3.000e+02
29966402
292402
2989402
| [ 2985402

| i

v=2m/s v =1.5m/s

Figure 20

Since the vertical wall is attached to the air supply, the temperature gradient
spreads to the room from the air supply outlet and has a large impact on the temperature
of the surrounding area.

From the temperature contour, when the air supply speed of the air conditioner is
2m/s, it can be seen that the overall temperature distribution is more uniform. The
maximum temperature difference in the working area where personnel are concentrated
is 2°C, and the maximum temperature is 25°C. When the wind speed is reduced to

1.5m/s, a high temperature group appears in the area where personnel are concentrated,
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and the maximum temperature reaches 26°C and the temperature field is obviously

stratified, the space appears to have inconsistent temperatures.

Case2.1: X=3.05m
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v =2m/s v =1.5m/s
Figure 21

When the wind speed is large enough, that is, v=2m/s, under the action of the air
lake, from the cross-section, the cooling effect is better, the temperature gradient is
more uniform, when the wind speed is reduced to 1.5m/s, the cold air does not have
enough power to discharge the indoor heat load, so there is thermal aggregation above
the work area area, there are multiple temperature gradients, the distribution of the
temperature field is chaotic.

The highest temperatures were all found in the vicinity of the human body, due to
the fact that the human body is considered as a heat source in this study and radiates

heat outward.

Case 3.1: x=1.95m
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v =2m/s v =1.5m/

Figure 22

Case 4.1: X=1.5m

v=2m/s v =1.5m/s

Figure 23

As can be seen in case 3.1 and case 4.1, As the characteristic cross-section
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gradually moves away from the air conditioning supply, high temperature clusters
appeared on the right side of the graph (i.e., at the back end of the room) and at the roof,
reaching a maximum temperature of 27°C.

In the working area near the back half of the room, heat is dissipated to the outside
due to the existence of heat sources, moreover, the heat source obstructs the diffusion
of the airflow, air flows back between the equipment and the walls, causing the
temperature of the supply airflow to increase as well, resulting in poor cooling effect.
Vortex phenomenon occurs in this area, so the temperature field distribution on the right
side becomes complicated. Even when use the larger air supply velocity (v=2m/s),
multiple significant temperature gradients appear, and the temperature field is very non-

uniform.

Case 5.1: X=0.35m
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v =2m/s v=1.5m/s
Figure 24
From the figure, the overall temperature field shows a clear temperature gradient,
when air supply speed decreases, a high-temperature aggregation with a clumped
distribution shows on the right side of the cloud map (i.e., the back end of the room).
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4.2.2 Summary

The distribution of the temperature field is related to the air speed of the air
conditioning. When the characteristic section is close to the air conditioning equipment
outlet, temperature field distribution of the section become uniform. Due to the Coanda
effect, where the airflow is attached to the walls.

The smaller the inertial force of the air flow adhering to the ground to deliver air,
which impedes the spread of cold air. The cool air cannot have an impact on the room
as a whole, and it is difficult for the airflow to be adequately delivered to the working
area.

In case 1.1 and case 1.2, the main body of air supply flows through the area, and
it can be seen that the temperature field of the room is distributed more evenly,
excluding the existence of obvious temperature gradient near the wall and floor, and the
overall temperature gradient is small. Generally, when the speed is reduced from 2m/s
to 1.5m/s, the temperature field distribution on the characteristic cross-section becomes
chaotic and disorderly, with high temperature gathering in many places. Therefore,
when there are more people in the room and the heat load is large, a larger wind speed

should be selected.

4.3 Existing problems

After the airflow blows out from the air supply outlet, when it intersects with the
obstacle, the trajectory of airflow changed. Airflow is difficult to spread to a greater
distance. The distribution of indoor airflow organization is not uniform, and it is
difficult to send air to all corners of the room. Vortex phenomenon is easy to be
produced in the distribution of temperature and velocity fields.

Due to the obstruction of indoor personnel and objects, the airflow is hindered and
cannot be quickly diffused to all parts of the room (especially the back half of the room),
office workers in the room will feel stuffy and unbearable hot, cannot achieve the

cooling effect.
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Chapter 5. Comparative study under reduced heat source

conditions

Based on the analysis in the previous chapter, it is concluded that the indoor heat load
and the degree of diffusion of the floor-adhering jet have a very important effect on the
indoor cooling effect and airflow distribution. Therefore, in this chapter, the number of
indoor personnel is reduced in order to decrease the intensity of the heat source, and the
flow field variation will be discussed for the same boundary conditions and air supply

conditions.
5.1 Geometry

The physical model was designed as an office with dimensions of (L X W x H)
6.5mx5.5mx3m. In this office, a slit air conditioner is installed in the ceiling at the front
of the room. 2 desks are located in the middle of the room, and 12 laptops are placed
on the desks, where 8 people sit in silence. At the back of the room, a table and a printer
are placed. In addition, there are 2 fluorescent lights and air conditioning return vents

on the ceiling. The layout is shown in Figure 25.

Figure 25
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5.2 Comparison results
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x = 0.35m
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Figure 30

After reducing the personnel, air supply is mixed with the room air more
adequately, the temperature field becomes uniform, and the fluctuation of each section

is moderated. It shows that the range of cold air can affect this room has increased.
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5.3 The effect of air supply speed on the overall speed and

temperature flow field
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Figure 31
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Case 2.2 x = 3.05m
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Figure 32

From case 1.2 and case 2.2, it can be seen that when the characteristic cross section
is close to the air outlet. When the obstruction of the airflow attached to the ground is
removed, flow field becomes well-uniform, distribution of the airflow field does not
change with the reduction of the delivery speed and remains stable. When temperature
is maintained at 23°C, temperature difference can be maintained within 1°C to 2°C by

reducing the air supply speed.
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Case 3.2x=195m
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Figure 33
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Case4.2 x =1.5m
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Figure 34

As can be seen from case 3.2 and case 4.2, during the gradual movement of the
characteristic cross-section away from the air conditioning outlet, there is no large-scale
high-temperature clustering in the indoor temperature field, and the temperature
distribution is more uniform from an overall perspective. From the temperature contour
it can be seen that the high temperature trends all appear in the back half of the room,
with the highest temperature of 26°C.

From the velocity field, when the characteristic section is far away from the air
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conditioning outlet, the velocity field begins to appear stratification phenomenon, but
the velocity difference is almost maintained at 0.1m/s. In this way, the indoor personnel
will not have obvious blowing sensation, but also can help improve the ventilation

efficiency.

Case 5.2 x =0.35

v=2m/s v=15m/s
]
_JEIN = |
v =2m/s v=15m/s
Figure 35

Case 5.2 is the farthest cross-section from the air supply, because the personnel as
heat sources, dissipate heat outward, therefore, the temperature around the human body
is higher than the surrounding ambient temperature, the highest temperature reaches
27°C. From the human body heat dissipation on the surrounding environment, the heat
aggregation group mainly appears in the vicinity of the heat source, and does not
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produce vortex phenomenon, the airflow distribution is more uniform. The average
temperature here is higher due to the limited inertial force of airflow adhering along the
ground, which cannot reach further areas. Compared with other cases, the air
conditioning air supply speed has an impact on the distribution of the airflow field, and
when the air supply speed is not large enough, it will aggravate the generation of the

heat aggregation phenomenon.

5.4 Summary

With the reduction of indoor personnel, the air supply body mixes more fully with
the indoor air, and the room velocity and temperature parameters are more uniform.
With the reduction of obstructions, the development section of the attached jet is formed
more fully, and at this time, the vertical wall attached ventilation air supply form has a
higher energy utilization rate. Moreover, when the attached jet development section is
sufficiently developed, except for the working condition 5.2 that is far away from the
air conditioning air supply, other working conditions show that the air supply velocity

has no great influence on the distribution of the flow field.
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Chapter 6: Thermal comfort analysis

Selected six indoor personnel, according to their location from the air conditioning
outlet at different distances, numbered 1 to 6, as shown in the figure36, which represent
the closest to the air outlet front row of personnel for the number 2, 3, 6. Where the No.
6 compared to the other two personnel away from the air outlet; No. 4 and No. 5

represent in the core area of the heat source; No. 1 from the air outlet furthest away.

Figure 36
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6.1 Effect of air supply speed on thermal comfort under the condition

of the dense heat sources

By comparing the PMV and PDD indexes of the office personnel numbered 1 to

6, it can be seen from figure 37:
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Figure 37

Among the front row personnel, No. 2 and No. 3 are close to the air outlet and feel
too cold no matter which wind speed they are in. No. 6, who is also a front-row person,
can keep a comfortable state with PDD<10% when the air supply speed V=2m/s,
because it is far from the air outlet; No. 1, who is far from the air outlet, also needs to
be at a larger wind speed to satisfy the comfort, otherwise it will produce a stifling
feeling. No. 4 and No. 5, which are at the center of the heat source, basically meet the
comfort level regardless of the wind speed.

When the speed was reduced to 1.5m/s. Only No. 4 felt comfortable. the PMV
value as a whole shifted upward, indicating enhanced heat sensation. As the personnel
near the air outlet feel cold and the personnel at the far end of the air outlet feel stuffy
and hot, it indicates that there is uneven heat and cold in the room under this condition,

the cooling effect is poor, and the cold air cannot fill the whole room uniformly.
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6.2 Comparative analysis of thermal comfort under different heat

source conditions
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Figure 38 Figure 39

From Figure 38 and Figure 39, feeling of coldness in the room is strong,
satisfaction level is low. In the case of less people in the room (less heat sources), the
temperature should be increased by appropriate air supply temperature.

When applying strong and dense eat source (12 persons), the air supply speed has
a greater effect on the indoor temperature field: the reduction in air supply speed leads
to an increase in PMV, enhanced thermal sensation, and a significant increase in PDD.
However, after reducing the indoor heat source (8 persons), the air supply speed has
little effect on the indoor thermal environment, which corresponds to the conclusion
reached in the previous chapter: under the same conditions of air supply temperature
and air supply speed, when reducing the obscuration of the ground-attached airflow
while reducing the heat source, the overall indoor temperature is significantly declined,
and the change of air supply speed has little effect on the indoor temperature, and still

maintains a better cooling effect.
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Chapter 7: Conclusions and recommendations

In this study, a literature survey was conducted for a new ventilation method based
on vertical wall-attached jet: air curtain jet (ACJ) ventilation [2!1, which shows that the
new ventilation is a highly efficient ventilation method combining the advantages of
traditional ventilation methods, and that it can satisty the thermal comfort. However,
effect of the new ventilation applied to different heat loads has been little studied.

CFD was used to study the characteristics of airflow field distribution at different
air supply velocities. Coanda effect was successfully simulated, which once again
proved the feasibility of using the SST k- model to simulate the vertical wall apposed
ventilation. By setting the characteristic cross-section, the result plots of the airflow
temperature and velocity fields at different supply air velocities were obtained, and it
was concluded that:

1. The difference in the air flow field distribution is strongly related to the distance
from the air supply outlet. If the airflow is blocked at the stage of adhering to the floor,
so that it is not sufficiently developed, the cold air cannot spread to a greater distance,
resulting in uneven flow field, the cooling effect is decreased.

2. Velocity and temperature fields are comparatively analyzed, found that it is
necessary to keep a large air supply velocity to maintain the cooling effect in the room
when crowded with people.

Then, as a comparison, the reduced heat source condition was simulated by
designing the condition with reduced front row personnel. In this study, the airflow
traces, temperature field, and velocity field under different heat source conditions were
compared and analyzed, represented by the air supply velocity v=2m/s. After that, the
airflow field distribution under the reduced heat source condition was also compared
and analyzed for the reduced heat source condition, and it was concluded that:

1. A comparative study of reducing front row personnel shows that the
effectiveness of the new vertical wall attachment ventilation method is highly

dependent on personnel distribution and equipment placement. The density of
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personnel in the room has a significant impact on the indoor air flow field. The overall
temperature in the work area is significantly reduced with fewer personnel, due to the
removal of the obstruction to the floor-attached air supply, which allows the airflow to
spread more, allowing for better heat exchange with the heat source and better cooling
of the room by the cool air.

2. When the indoor heat load is large and the heat source is dense, in order to
need to ensure the diffusion of the air supply floor attached to the air supply, the wind
speed in the design should not be too small when using the new vertical wall attached
ventilation method, it is recommended that the wind speed is not less than 1.5 m / s.
However, due to the large wind speed, personnel near the air outlet will feel cold. The
cooling effect will be significantly decreased when the floor air supply airflow is
obstructed. Therefore, it is recommended that the horizontal distance of 1 to 2m from the
air conditioning outlet is appropriately reserved space, and no personnel are arranged, or
no items are set up for placement to ensure the transmission of cool air and the comfort
of personnel.

Finally, the indoor thermal comfort under different wind speed and different heat
source conditions was studied and compared, and it was concluded that: effect of air
supply velocity on the indoor temperature when the indoor heat source is strong and
dense.

This result also verifies the previous conclusions that under the same conditions
of air supply temperature and air supply speed, the overall indoor temperature decreases
significantly with the reduction of the heat source while reducing the shading of the
airflow attached to the ground, and the change of air supply speed has little effect on

the indoor temperature and still maintains a better cooling effect.
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Chapter 8: Proposal for further works

In this study, for the airflow characteristics of the room using the new vertical wall
attached ventilation method, this paper uses the CFD numerical method to simulate
velocity and temperature. Through comparative analysis, the results of the factors
influencing the room airflow field and the comfort of indoor personnel are obtained.
Due to time and conditions, there are many areas that are not fully satisfactory, and the
following issues will be improved in future research studies.

1. due to the differences of individual personnel, it should be more subdivided to
discuss the human comfort of different genders and different ages.

2. The human body model treatment in this study became rectangular, and the
model should be further refined in future studies.

3. The conclusions of this paper rely only on numerical simulations, and in future

studies, full-scale experiments should be established for further validation.
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