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PARTICLE-ACCELERATING DEPOSITION 
AND SEPARATION APPARATUS AND 
METHOD FOR TURBID WATER 

FIELD OF THE INVENTION 

[0001] This invention relates generally to a particle-accel 
erating deposition and separation apparatus and method, in 
particular to a deposition and separation apparatus and 
method that physically separate particles from clean Water in 
turbid raW Water. 

BACKGROUND OF THE INVENTION 

[0002] Water supply is an important indication of modem 
iZation of a society. It not only in?uences general public 
health, industrial developments and commercial prosperity 
but also affects people’s daily life. Therefore, supplying high 
quality, safe and su?icient drinking Water is one of a govem 
ment’s most important tasks. Conventional Water treatments 
depend on good-quality raW Water and stable purifying facili 
ties to provide hundreds of thousands tons of drinking Water 
that meets the drinking Water standards. HoWever, heavy 
rainfall after natural disasters such as earthquake and hurri 
cane and human activities such as over-development on hill 
sides and poor soil-and-Water conservation may result in sur 
face runoff containing tremendous amount of suspended 
particles in streams and subsequently lakes and dams. The 
extra particle impurity causes high turbidity in raW Water 
sources, Which hinders the purifying functions in Water treat 
ment facilities and often temporarily disables Water supply 
system in severe conditions. 

[0003] Turbidity in surface Water is usually caused by 
sands, clay, silt, soil particles and other colloidal impurity. 
Surface Water movement after heavy rainfall Washes soil par 
ticles from hillsides and disturbs sediments in the WaterWays 
results in a signi?cant increase in the level of turbidity. 
Removal of Water turbidity is somehoW dif?cult because the 
?ne particles are most likely too tiny to settle effectively in the 
Water treatment processes. The rapid sand ?ltration system 
includes: coagulation, ?occulation, gravity deposition, rapid 
sand ?ltration, disinfection by adding chlorine, etc. The e?i 
ciency of the rapid sand ?ltration system is dependent upon 
in?oW Water turbidity. When Water turbidity exceeds 2,000 
nephelometric turbidity units (NTU), most Water treatment 
facilities may experience clog malfunction in rapid sand ?l 
tration process. If a rapid sand ?ltration pool is frequently 
clogged, back-Wash is frequently required to restore its ?ltra 
tion function. HoWever, high frequency of back-Wash signi? 
cantly decreases the Water quality. 
[0004] In a rapid sand ?ltration system, coagulants react 
With suspended particles to form ?ocs. The ?ocs then settle in 
sedimentation basin so as to avoid clogging the sand-?ltering 
pool. HoWever, chemical coagulation produces large amounts 
of sludge and reduces the density of the ?ocs, Which hinders 
the deposition thereof. After rainfall, the turbidity of raW 
Water may reach tens of thousands NTU. Traditional Water 
purifying process is unable to process such high-turbidity raW 
Water by coagulation or gravity deposition. The malfunction 
of Water treatment plants caused by high turbid raW Water Will 
greatly affect Water quality and may temporarily disrupt the 
Water supply if the turbidity is extremely high. Water supply 
is a civil necessity. Lack of Water supply is detrimental to 
people’s health and local economy. Therefore, it is desirable 
to provide a suitable Water clarifying method to resolve the 
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problem of high turbidity in Water after heavy rainfall, espe 
cially in the event of hurricanes. 
[0005] The main characteristic of highly turbid raW Water is 
excessive amount of suspended particles. The level and nature 
of the turbidity depends upon the types and siZes of particles 
over Which the Water has run and the velocity of the Water. In 
?oWing Water, suspended particles mix Well With Water and 
do not settle easily. When the Water becomes still, larger and 
heavier suspended particles sink quickly, While the smaller 
and lighter ones remain suspended. Deposition of such ?ne 
particle canbe achieved only When the Water is absolutely still 
and it may take Weeks or even months for the Water to become 
clear. It is Well knoWn that the need for Water supply in a 
modern society increases every year due to population and 
economy groWth. Highly turbid Water requires large tracts of 
land for the installation of extra sedimentation and ?ltration 
facilities, Which are dif?cult to acquire especially in metro 
politan areas. Further, the ef?ciency of the rapid sand ?ltra 
tion system in producing good quality and su?icient quantity 
of drinking Water cannot be achieved Without appropriate 
Water turbidity pre-treatment process. 
[0006] Alternatively, centrifugal methods Were once 
applied to remove extra Water turbidity. HoWever, the cen 
trifugal method consumes huge amount of electricity and 
requires large spaces While its turbidity removal ef?ciency is 
very loW. Currently, most Water treatment plants add large 
amount of chemical coagulants to raW Water to accelerate the 
?oc formation and effectively remove Water turbidity. Larger 
?ocs associated With tiny particles in Water tend to settle 
faster in the sedimentation tank to clarify the Water. HoWever, 
chemical coagulating agents produce large amount of sludge, 
Which in turn becomes another pollution problem. 
[0007] Accordingly, an apparatus and/ or method that 
removes Water turbidity by physically accelerating the depo 
sition of particles in Water, relieves the impact of high-turbid 
ity Water and overcomes the defects of conventional Water 
treatment problems, such as consumption of large amount of 
electricity, loW deposition ef?ciency, sludge formation cre 
ated by chemical coagulants, is alWays Welcome. 

SUMMARY OF THE INVENTION 

[0008] The object of the subject invention is to provide a 
particle-accelerating deposition and separation apparatus and 
method for treating highly turbid Water Without using any 
chemical coagulants.Another advantage of the subject inven 
tion is that the physical particle separation mechanism is not 
restricted by any upper limit of Water turbidity. The particle 
Water separation process in the subject invention alloWs con 
tinuous clean Water supply With minimum maintenance. 
[0009] The subject invention in one embodiment relates to 
a particle-accelerating deposition and separation apparatus. 
The apparatus mainly contains: a housing, a holloW conical 
?oW accelerator, and a particle condenser. The housing con 
tains a holloW cylinder provided With a plurality of clean 
Water collecting pipes disposed on a peripheral Wall thereof at 
various heights and equipped With at least one silt-removing 
outlet on a bottom thereof, a top plate containing an opening 
therein and disposed on a top inner side of the holloW cylin 
der, and a bottom plate containing an opening therein and 
disposed at a bottom end of the holloW cylinder. The holloW 
conical ?oW accelerator is disposed in the housing, and con 
tains a Water inlet With a ?rst diameter, a Water outlet With a 
second diameter smaller than the ?rst diameter, and a diam 
eter-reducing portion betWeen the Water inlet and the Water 
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outlet. The Water inlet is connected to the opening of the top 
plate of the housing. The particle condenser is disposed in the 
opening of the bottom plate of the housing and under the 
Water outlet of the holloW conical ?oW accelerator. The par 
ticle condenser contains a receiving entrance connected With 
the opening of the bottom plate of the housing. 
[0010] The subject invention in another embodiment 
relates to a particle-accelerating deposition and separation 
method for turbid Water containing the folloWing steps: (a) 
providing a housing containing: a holloW cylinder provided 
With a plurality of clean Water collecting pipes disposed on a 
peripheral Wall thereof at various heights and equipped With 
at least one silt-removing outlet on a bottom thereof, a top 
plate containing an opening therein and disposed on a top 
inner side of the holloW cylinder, and a bottom plate contain 
ing an opening therein and disposed at a bottom end of the 
holloW cylinder; (b) providing a holloW conical ?oW accel 
erator disposed in the housing and containing a Water inlet 
With a ?rst diameter, a Water outlet With a second diameter 
smaller than the ?rst diameter, and a diameter-reducing por 
tion betWeen the Water inlet and the Water outlet, said Water 
inlet being connected to the opening of the top plate of the 
housing; (c) providing a particle condenser disposed in the 
opening of the bottom plate of the housing and under the 
Water outlet of the holloW conical ?oW accelerator, said par 
ticle condenser containing a receiving entrance connected 
With the opening of the bottom plate of the housing; (d) 
de?ning an area betWeen the Water outlet of the holloW coni 
cal ?oW accelerator and the receiving entrance of the particle 
condenser as a particle-Water separation area; (e) guiding 
turbid Water into the Water inlet of the holloW conical ?oW 
accelerator; (f) collecting silt from the silt-removing outlet of 
the holloW cylinder accumulated on a bottom edge of the 
housing; (g) receiving particles through the receiving 
entrance of the particle condenser Wherein the particles are 
accelerated and expelled from the Water outlet of the holloW 
conical ?oW accelerator and subsequently depart from the 
particle-Water separation area; and (h) collecting clean Water 
from the plurality of clean Water collecting pipes of the hol 
loW cylinder Wherein the clean Water departs from the par 
ticle-Water separation area. 

[0011] The feature of the subject invention is to accelerate 
a Water ?oW physically and the suspended particles contained 
therein via a holloW conical ?oW accelerator by gravity under 
the undisturbed laminar ?oW condition. The particles con 
tained therein are accelerated and vertically descend because 
of inertia While the Water molecule clusters With higher 
mobility sloWly move laterally and horiZontally. Thereby, the 
particles and clean Water are physically separated and the raW 
Water is puri?ed. The apparatus and method of the subject 
invention may be used as a pretreatment for purifying turbid 
raW Water so that a conventional Water treatment facility can 

subsequently and appropriately further purify the pre-treated 
Water. 

[0012] The parameters related to the subject invention 
include: (1) limitation to the Reynolds Number of laminar 
?oW to control the ?oW under undisturbed streamline ?oW 
condition; (2) mobility and diffusion coe?icient of particles 
and Water molecule clusters to control the separation condi 
tions of the vertically descending particles and horizontally 
?oWing clean Water; and (3) gravitational terminal settling 
velocity to control the vertical particle deposits of various 
diameters. The parameters are speci?cally stated as folloWs: 
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[0013] Limitation to the Reynolds Number of laminar ?oW: 
there are tWo kinds of forces that may apply to an object in a 
?oW. One is the inertia force created by accelerating or decel 
erating the object, and the other is the viscous force created by 
the viscosity of the ?oW medium. The ratio betWeen the 
inertia force and the viscous force is called the Reynolds 
Number (Re): 

ReIineItia force/viscous fOrceIpVd/H (Formula 1) 

In the above formula, p represents ?uid density, v represents 
?oW velocity, d represents diameter of an object or a ?oW 
pipe, and [1. represents viscosity of ?oW at different tempera 
tures. When a ?oW ?oWs around an object Where the viscous 
force is stronger, the ?oW condition is called laminar ?oW or 
streamline ?oW. In the laminar ?oW, the ?oW status Within a 
substantial distance betWeen upstream and doWnstream of the 
object is in streamlines. Since the ?oW is under the control of 
the viscous force, the ?oW is not disturbed. When the inertia 
force of the object in the ?oW gradually increases and 
becomes larger than the viscous force, the streamline status is 
replaced by turbulent ?oW status. In the turbulent ?oW, the 
speed of the ?uid at any point undergoes continuous changes 
in both magnitude and direction. In the process of transfor 
mation from a laminar ?oW to a turbulent ?oW, the Reynolds 
Number increases during What is called the intermediate 
Zone. In the intermediate Zone, factors such as objective 
geometry, ?uid temperature and viscosity may trigger the 
change from/to laminar ?oW and turbulent ?oW. The Rey 
nolds Number ranges of laminar ?oW, intermediate Zone, and 
turbulent ?oW are listed in the folloWing Table 1. 

TABLE 1 

Reynolds Number (Re) range FloW status 

0 < Re < 1,000 laminar ?oW 
1,000 < Re < 10,000 intermediate Zone 

10,000 < Re turbulent ?oW 

Please note that the functions of the subject invention can be 
executed only under the undisturbed laminar ?oW condition. 
That is, the process that separates particles from clean Water 
must be carried out in a laminar ?oW. Therefore, the Reynolds 
Number of the subject invention should be kept under 1,000 
to avoid the occurrence of turbulent ?oW and also to prevent 
the deposited particles from being disturbed again. 
[0014] Mobility and diffusion coef?cient of particle: par 
ticles are separated from clean Water in the subject invention 
mainly because the mobility of particles and that of clean 
Water are signi?cantly different. In a laminar ?oW, mobility is 
de?ned as folloWs: 

In the above formula, M represents mobility of particle, Cc 
represents the Cunningham coe?icient, Which describes the 
transport phenomena of micro-particles betWeen Water mol 
ecules, [1. represents viscosity of ?oW, and d represents diam 
eter of a particle. According to the above formula, the larger 
the particle, the loWer the mobility. That is, large particles in 
a laminar ?oW are di?icult to shift to another direction. In a 
laminar ?oW, particles tend to move along the streamlines due 
to their inertia. 
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[0015] Diffusion coe?icient is another important parameter 
that describes molecule or particle movement in a ?oW 
medium. It re?ects the phenomenon that molecule or particle 
diffuses from a high concentration area toWard a loW concen 
tration zone. The smaller the particle, the more easily the 
particle moves in a ?oW medium. That is, smaller molecules 
or particles have higher diffusion coef?cients and are com 
paratively easy to move in a ?oW medium. The diffusion 
coe?icient is de?ned as folloWs: 

DIMkT 

[0016] In the above formula, D represents diffusion coe?i 
cient, k represents the Boltzmann constant, and T represents 
absolute temperature. Please refer to the following Table 2, 
Which lists the mobility and diffusion coe?icients of particles 
With different diameters. The higher the mobility, the higher 
the velocity created by a unit force on the particle. 
[0017] Even though the size of a single Water molecule is 
about 2 A (1 AIl 0-10 m), Water molecules cannot move in the 
form of a single Water molecule due to its polarity and hydro 
gen bonds. The Water molecules often move in the form of 
Water molecule clusters. The approximate size of a Water 
molecule cluster depends on the ?oW velocity, Water tempera 
ture, viscosity, dissolvent materials, and ion strength in the 
?oW. Suppose that a Water molecule cluster is in a spherical 
shape, and its diameter is around 0.02 um. Because the spe 
ci?c gravity of the Water molecular cluster is 1, the diffusion 
coe?icient thereof at the temperature of 200 C. is 26x10‘6 
cm2/ sec, Which is around 1,000 times that of a solid particle 
With a diameter of 1 pm. Accordingly, We can utilize the 
signi?cant differences betWeen the diffusion coe?icients of a 
Water molecule cluster and particles With various sizes to 
physically separate particles from clean Water by making the 
particles settle vertically and Water molecule clusters move 
horizontally. 

(Formula 3) 

TABLE 2 

Diffusion coe?crcient at 
Mobility, M 20° 0., D 

Diameter (pm) (cm/sec/dyne) (cm2/sec) 

Water molecule cluster, 6.5 x 107 2.6 x 10’6 
0.02 
0.1 3.2><106 1.3><10*7 
0.6 2.3 ><105 9.2 X1079 
1 1.2><105 5.0><10*g 
6 18,200 7.3 ><107l0 

10 10,800 4.4 X 10710 
20 5,340 2.2 X 10710 
60 1,770 7.1 X 10*11 

100 1,060 4.3 ><107ll 
200 529 2.1 X 10711 

[0018] Gravitational terminal settling velocity: Analytical 
results shoW that the diameter of particle in raW turbid Water 
ranges from several pm to 200 um (10'6 m). In a laminar ?oW, 
particles are in?uenced of by gravity, reach a balance With 
?oW resistance and come to a terminal settling velocity (V T.) 
Large particles have a higher VTthan small particles and thus 
can settle in a short period of time. HoWever, the VT of small 
particles is so loW that if no physical or chemical methods are 
applied in Water treatment plants, small particles are unable to 
settle shortly. 
[0019] Table 3 beloW shoWs the terminal settling velocity 
and the time needed for particles With various diameters to 
descend 1 meter at the temperature of 200 C. The VT of 
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particles With a diameter of 100 pm is 100 times that of 
particles With a diameter of 10 pm. It takes around 3.4 hours 
for a 10 um particle to descend 1 meter While it only takes 
around 2.1 minutes for a 100 um particle to travel the same 
distance. Accordingly, the smaller the particle, the longer the 
time needed for the particles to settle in a pure gravity depo 
sition system. 
[0020] In the subject invention, the ?oW is controlled under 
the laminar ?oW condition and the particles in the ?oW settle 
along the streamlines thereof so that the particles do not tend 
to collide and interfere With each other. With the ?oW accel 
erating design and the particle terminal settling velocity cre 
ated by gravity force, particles descend doWnWard just like 
free falling balls released in a descending elevator. With the 
high diffusivity of Water molecule clusters, clean Water com 
posed of the Water molecule clusters moves horizontally and 
gets around the vertically descending particles, so the 
descending particles Will not be disturbed. Thereby, the sub 
ject invention physically separates turbidity particles from 
Water molecule clusters Without adding any chemical agents. 

TABLE 3 

Time needed for particles 
Diameter of Terminal settling velocity to descend 1 m at the 

particles (pm) (VT, cm/sec) temperature of20O C. 

0.1 2.5 X 1076 472 days 
0.6 3.8 ><1075 31 days 
1 9.6 ><1075 12 days 
6 3.0 X 1073 9.3 hours 

10 8.2 x 10’3 3.4 hours 
20 0.033 51 minutes 
60 0.294 5.7 minutes 
100 0.815 2.1 minutes 
200 3.26 30 seconds 

[0021] Please refer to FIG. 1, Which is a schematic vieW of 
a vertically descending particle P and horizontally moving 
Water molecule clusters (shoWn as the streamlines). The sepa 
ration of the particle P and clean Water can be described in 
terms of the relative movement therebetWeen. When the Water 
molecule clusters move in the horizontal direction D2, they 
intersect the particle P. A stagnant layer T formed on the 
particle P prevents the Water molecule clusters from directly 
colliding With the particle P so the Water molecule clusters 
pass around the particle P. Therefore, the accelerating particle 
P that moves in the vertical direction D1 in accordance With 
the gravity Will not be easily in?uenced by the horizontally 
moving Water molecule clusters, and Will thus depart from the 
particle-Water separation area. Namely, When the Water mol 
ecule clusters move in the horizontal direction D2, the 
streamlines Will glide along the surface of the stagnant layer 
T formed on the particle P, and Will not disturb the vertically 
descending particle P. 
[0022] In vieW of the above, the subject invention utilizes 
(1) limitations to the Reynolds Number to control the ?oW 
under the undisturbed laminar ?oW condition, (2) mobility 
and diffusion coe?icients of particles and Water molecule 
clusters to control the separation of the vertically descending 
particles and the horizontally ?oWing clean Water, and (3) 
gravitational terminal settling velocity of the particles to 
determine the terminal settling velocity of the particles With 
different diameters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The above objects and advantages of the present 
invention Will become more apparent from the ensuing 
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description of preferred embodiments thereof With reference 
to the attached drawings, in Which: 
[0024] FIG. 1 is a schematic vieW of a vertically descending 
particle (P) and horizontally moving Water molecule clusters; 
[0025] FIG. 2 is a cross-sectional vieW of a preferred 
embodiment of the subject invention; and 
[0026] FIG. 3 is a regionally enlarged vieW of the preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] In FIGS. 2-3, the embodiment of the present inven 
tion relates to a particle-accelerating deposition and separa 
tion apparatus and method in an undisturbed laminar How. 
The apparatus mainly contains: a housing 20, a holloW coni 
cal ?oW accelerator 10, a particle condenser 30, and a screen 
(i.e. a No. 200 screen 50). The housing 20 contains a holloW 
cylinder 25 provided With three clean Water collecting pipes, 
namely the high, middle and loW clean Water collecting pipes 
24a, 24b, 24c disposed on a peripheral Wall thereof at various 
heights and equipped With at least one silt-removing outlet 26 
on a bottom thereof. The holloW cylinder 25 has an inner 
diameter of approximately 15 centimeters and a height of 
approximately 105 centimeters, and can sustain the Water 
pressure at a depth of 1.5 meters. The holloW cylinder 25 is 1 
cm thick, made of acrylic, stainless steel, PVC or other mate 
rials With a smooth internal surface, and suitable for long 
term continuous use With high-turbidity Water. The clean 
Water collecting pipes 24a, 24b, 240 each contains a How 
adjuster, respectively 29a, 29b, 290. 
[0028] The housing 20 includes a top plate 22 containing an 
opening 22a therein and disposed on a top inner side of the 
holloW cylinder 25, and a bottom plate 28 containing an 
opening 28a therein and disposed at a bottom end of the 
holloW cylinder 25. 
[0029] The holloW conical ?oW accelerator 10 is disposed 
in the housing 20, and preferably is made of a 70 cm-tall 
holloW plastic cone. The holloW conical ?oW accelerator 10 
contains a Water inlet 12 With a ?rst diameter, a Water outlet 14 
With a second diameter smaller than the ?rst diameter, and a 
diameter-reducing portion 16 betWeen the Water inlet 12 and 
the Water outlet 14. The Water inlet 12 of the holloW conical 
?oW accelerator 10 has a diameter of approximately 10 cen 
timeters, and the Water outlet 14 of the holloW conical ?oW 
accelerator 10 has a diameter of approximately 5 centimeters. 
A tangential angle of the Water outlet 14 of the holloW conical 
?oW accelerator 10 is designed to be less than 20 degrees to 
reduce the turbulent ?oW phenomenon. The Water inlet 12 is 
connected to the opening 22a of the top plate 22 of the 
housing 20. In addition, Water inlet 12 is threadly connected 
With the opening 22a of the top plate 22 and a sealing rubber 
is applied to separate turbid raW Water from processed clean 
Water. The main function of the holloW conical ?oW accelera 
tor 10 is to accelerate the How. With the accelerated velocity, 
the inertia settling velocity of the particle in the turbid Water 
is increased. 
[0030] The particle condenser 30 is disposed in the opening 
28a of the bottom plate 28 of the housing 20 and under the 
Water outlet 14 of the holloW conical ?oW accelerator 10. The 
particle condenser 30 contains a receiving entrance 32 con 
nected With the opening 28a of the bottom plate 28 of the 
housing 20, and a ?oW-control valve 60 for controlling the 
volume of the turbid Water emitted from the particle con 
denser 30. The receiving entrance 32 of the particle condenser 
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30 has a diameter larger than that of the Water outlet 14 of the 
holloW conical ?oW accelerator 10 and a tangential angle of 
less than 20 degrees. The receiving entrance 32 of the particle 
condenser 30 receives vertically descending particles and a 
small amount of carrying How, and condenses them into high 
turbidity Water. In the condensing process, no chemical mate 
rial is added and the condensed high-turbidity Water can be 
emitted from the Water processing plant after simple treat 
ments. 

[0031] An area betWeen the Water outlet 14 of the holloW 
conical ?oW accelerator 10 and the receiving entrance 32 of 
the particle condenser 30 is de?ned as a particle-Water sepa 
ration area 40, Which is approximately 20 cm long (and 
should not be more than 30 cm.) The No. 200 screen 50 is 
disposed on top of the Water inlet 12 of the holloW conical 
?oW accelerator 10 so as to regulate the turbid Water to avoid 
disturbing the laminar How. 
[0032] Please refer to FIGS. 2 and 3. The particle-acceler 
ating deposition and separation method of the subject inven 
tion contains: guiding turbid Water W into the Water inlet 12 of 
the holloW conical ?oW accelerator 10, and accelerating tur 
bid Water W to pass through the particle-Water separation area 
40 via the holloW conical ?oW accelerator 10. The holloW 
conical ?oW accelerator 10 is capable of accelerating the 
turbid Water because of the variations in the diameter of its 
cross-section. When the turbid Water is accelerated, the par 
ticles P contained therein are also accelerated. (The purpose 
of accelerating the particles P in the turbid Water is to ensure 
that the particles P can pass through the particle-Water sepa 
ration area 40 as soon as possible to reduce the chance of them 
laterally escaping from the particle-Water separation area 40.) 
The accelerated particles P create a doWnWard inertia so that 
clean Water CW laterally ?oWs out of the particle-Water sepa 
ration area 40 and particles P descend to the particle con 
denser 30. In addition, the method also includes the step of 
collecting silt from the silt-removing outlet 26 of the holloW 
cylinder 25 accumulated on a bottom edge of the housing 20. 

[0033] Afterwards, particles P are received through the 
receiving entrance 32 of the particle condenser 30. The par 
ticles P are accelerated and expelled from the Water outlet 14 
of the holloW conical ?oW accelerator 10 and subsequently 
depart from the particle-Water separation area 40. Mean 
While, clean Water CW is collected from the three clean Water 
collecting pipes 24a, 24b, 240 of the holloW cylinder 25. The 
clean Water CW is separated from the particles P and sloWly 
and laterally ?oWs out of the particle-Water separation area 
40. 

[0034] In the holloW conical ?oW accelerator 10 and 
betWeen the Water inlet 12 and the diameter-reducing portion 
16 is a steady-?oW area 17, in Which a steady laminar How is 
formed and the suspended particles P can descend steadily 
and doWnWard. In the diameter-reducing portion 16 of the 
holloW conical ?oW accelerator 10 is an accelerating steady 
?oW area 18, in Which the turbid Water as Well as the particles 
P contained therein are accelerated. The particles P create a 
vertically doWnWard inertia. In the holloW conical ?oW accel 
erator 10 and betWeen the diameter-reducing portion 16 and 
the Water outlet 14 is an accelerating steady-?ow area 19, 
Wherein the How remains laminar (With the Reynolds Number 
loWer than 1,000). The streamlines from the steady-?oW area 
17 of 10-cm diameter gradually converge in the accelerating 
steady-?ow area 19 of 5-cm diameter. In other Words, 
throughout the method of the subject invention, the How has 
to remain a laminar ?oW. 



US 2009/0152214 A1 

[0035] From the particle-Water separation area 40, the par 
ticles P in a laminar How are accelerated to descend in the 
vertical direction into the particle condenser 30. The particles 
P are then condensed and emitted. The clean Water CW lat 
erally moves out of the particle-Water separation area 40 and 
then moves upWard to the clean Water collecting pipes 24a, 
24b, 240 at different heights according to its diffusibility. The 
length of the particle-Water separation area 40 should be 
designed on the basis of the ranges of and diameter ranges of 
the particles P, and the nature of the How. 
[0036] As stated above, clean Water CW moves sloWly and 
laterally and does not disturb the How condition of the par 
ticle-Water separation area 40 (no turbulent How.) The clean 
Water CW ?oWs laterally out of the particle-Water separation 
area 40, and the particles P descend into the particle con 
denser 3 0 in accordance With the vertical inertia. Thereby, the 
vertically moving particles P and the laterally moving clean 
Water CW are physically separated and the Water purifying 
purpose is accomplished. 
[0037] Since the turbid Water W that passes through the 
particle-Water separation area 40 needs to be controlled under 
the laminar ?oW condition, its Reynolds Number needs to be 
kept under 1,000. This is done by controlling the How velocity 
of the How in the particle-Water separation area 40. First, the 
design value of the Reynolds Number needs to be decided (for 
example, Re:500.) Second, the design How velocity is cal 
culated according to the aforementioned Formula 1. After 
Wards, the ?oW-control valve 60 of particle condenser 30 is 
used to control the volume of the turbid Water emitted from 
the particle condenser 30 and the How adjusters 29a, 29b, 290 
of the clean Water collecting pipes 24a, 24b, 240 are used to 
control the volume of the clean Water collected, thereby con 
trolling the ?oW velocity in the particle-Water separation area 
40 to acquire the desired Reynolds Number. 
[0038] During the process of purifying turbid Water, a feW 
small particles P may folloW the movements of the clean 
Water CW and escape from the particle-Water separation area 
40. Under the in?uence of gravity force, it is dif?cult for such 
small particles to move upWard. Accordingly, the high Water 
collecting pipe 24a collects the cleanest Water, the middle and 
loW Water collecting pipes 24b, 24c collect less clean Water. 
Clean Water can be collected from different Water collecting 
pipes depending on users’ need and the turbidity of the raW 
Water. The How adjusters 29a, 29b, 290 of the clean Water 
collecting pipes 24a, 24b, 240 control the volume of the 
collected clean Water according to the separation status of the 
particles P in the particle-Water separation area 40. The clean 
Water CW in the process of moving upWard creates a clean 
Water upWard-moving area 21. The operation of the clean 
Water collecting pipes 24a, 24b, 240 causes the clean Water 
CW to move upWard along the outer sides of the holloW 
conical ?oW accelerator 10. Although the space outside the 
holloW conical ?oW accelerator 10 gradually reduces, the 
clean Water CW is sequentially collected by the loW and 
middle Water collecting pipes 240, 24b and thus the upWard 
?oW velocity of the clean Water CW remains generally con 
stant. The upWard ?oW velocity of the clean Water CW is 
controlled by the How adjusters 29a, 29b, 290 of the clean 
Water collecting pipes 24a, 24b, 240. 
[0039] In a preferred embodiment of the subject invention, 
the method of the subject invention further includes the step 
of adjusting the ?oW-control valve 60 of the particle con 
denser 30 to keep the volume of the emitted condensed turbid 
Water at around 25% of the total input of turbid Water. In other 
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preferred embodiments, the ?oW-control valve 60 of the par 
ticle condenser 30 and the How adjuster 29a, 29b, 290 of the 
clean Water collecting pipes 24a, 24b, 240 can be adjusted to 
1) control the time for turbid Water to pass through the par 
ticle-Water separation area 40 so that it is Within 60 seconds; 
2) keep the How velocity at the Water outlet 14 of the holloW 
conical ?oW accelerator 10 at approximately 1 cm/s; or 3) 
keep the clean Water collected from the clean Water collecting 
pipes 24a, 24b, 240 of the holloW cylinder 25 at around 75% 
of the total inputted turbid Water. 
[0040] In vieW of the above, the design of the method is 
based on: (1) Investigations on turbidity of raW Water and 
distributions of particle diameter and particle density; (2) 
shape of conical ?oW accelerator and laminar ?oW control; 
(3) nature and length of particle-Water separation area, and 
conditions of the particle-Water separation; (4) volume of 
Water collected from clean Water collecting pipes at various 
heights; and (5) design of particle condenser and turbid Water 
emission rate. The speci?cs of the basis are as folloWs: 

[0041] Investigations on turbidity of raW Water and distri 
bution of particle diameter and particle density: the particles 
come from Washout of silt or soils, and the diameters thereof 
vary according to locations, time, quantity of rain and force of 
rain. The distribution of particle diameter and particle density 
is different at different times, in different season and With 
different quantities of rain even if the raW Water comes from 
the same source. The terminal settling velocity (V T) can be 
calculated according to the particle diameter (dp) distribution 
percentages, particle densities (pp), Water viscosity ([1). On 
the basis of the resulting terminal settling velocity, the param 
eters for removing the particles and the turbidity-removing 
ef?ciency can be decided. 

[0042] Shape of conical ?oW accelerator, and laminar ?oW 
control: the conical ?oW accelerator is of a symmetrical diam 
eter-reducing shape With a larger upper diameter and a 
smaller loWer diameter. The shape of the conical ?oW accel 
erator contributes to the acceleration of the How. HoWever, the 
How therein must remain as a laminar ?oW (With a Reynolds 
Number loWer than 1,000.) In the conical ?oW accelerator, the 
particles move along the streamlines of the laminar How. The 
terminal settling velocity caused by gravity enables the par 
ticles to descend vertically. The accelerated particles act like 
an athlete Who cannot suddenly stop moving right after run 
ning a 100-meter race and must keep moving forWard in the 
same direction for a distance before stopping. Accordingly, 
the shape of the conical ?oW accelerator accelerates the How 
and the How remains laminar, so the particles pass through the 
particle-Water separation area at an accelerated velocity, and 
the particles and the Water molecule clusters are thus sepa 
rated. 

[0043] Nature and length of particle-Water separation area, 
and conditions of the particle-Water separation: under the 
principle of “mass inertia,” the larger the diameter of a par 
ticle, the less the movement that can be made in the direction 
of the applying force, and the loWer its mobility. Since the 
particles have loW mobility and the Water molecule clusters 
have high diffusibility, the particles, after leaving the conical 
?oW accelerator, accelerate and descend in the vertical direc 
tion and force the Water molecule clusters to sloWly and 
laterally ?oW out of the particle-Water separation area. 
Although the longer the particle-Water separation area is, the 
more clean Water can be collected, it is also true that the more 
particles may laterally ?oW out of the particle-Water separa 
tion area. On the other hand, the shorter the particle-Water 
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separation area, the higher the ?ow velocity of the laterally 
?owing clean water, and the bigger the chance of formation of 
turbulent ?ow. In that case, the ef?ciency of removing par 
ticles from turbid water is comparatively low. Therefore, it is 
the appropriate length of the particle-water separation area 
that helps to acquire the maximum volume of clean water 
with the desired particle-removing e?iciency. The particles 
descend to the particle condenser and are afterward collected 
and emitted from the particle condenser. 
[0044] Design of the particle condenser and turbid water 
emission rate: the particle condenser is located right below 
the particle-water separation area to collect the vertically 
descending particles. The turbid water emitted from the par 
ticle condenser should be around 25% of the total input of 
turbid water. That is, the clean water laterally ?owing out of 
the particle-water separation area should be 75% of the total 
input of turbid water. The quality of the collected clean water 
depends on the particle distribution in the raw water. The 
density of the turbid water emitted from the particle con 
denser is highly increased. Since no chemical agents are used 
in the subject invention, after a simple treatment (to avoid 
pollution), the condensed turbid water can be emitted to a 
nearby body of water. 
[0045] Volume of water collected from clean water collect 
ing pipes at various heights: The clean water collecting pipes 
at various heights guide the clean water to laterally ?ow out of 
the particle-water separation area and move upward. The 
velocity of the upward ?ow is designed on the basis of the 
terminal settling velocity of the main particles. The higher the 
clean water collecting pipe, the cleaner the collected water. 
The heights of the clean water collecting pipes and the vol 
ume of the collected clean water should be controlled accord 
ing to the particle distribution in the turbid water. 
[0046] The feature of the subject invention is to utiliZe the 
gravitational depositing inertia of the particles and the high 
diffusibility of the water molecule clusters in raw water to 
separate the particles from clean water so that the turbidity 
can be removed from the raw water. Since the density of the 
particles is crucial to produce gravitational deposition, the 
method of the subject invention should not involve any 
chemical coagulating agents so as to avoid the formation of 
great amounts of ?ocs, which will adversely effect gravita 
tional deposition. If chemical coagulating agents are added, 
great amounts of ?ocs with low density will be formed, which 
goes against the principle of design of the subject invention, 
namely to utiliZe the physical deposition of the particles to 
separate the particles from the clean water. The advantages of 
the subject invention include: (1) processing raw water with 
out an upper limit to the turbidity; (2) using no chemical 
coagulating materials; (3) requiring minimum electricity and 
maintenance; and (4) continuous water-cleaning process. 
[0047] According to the method of the subject invention, 
high-turbidity raw water is introduced into the hollow conical 
?ow accelerator by gravity. The raw water passes through the 
No. 200 screen under steady ?ow velocity and then enters the 
water inlet with l0-cm diameter of the hollow conical ?ow 
accelerator. The conical shape of the conical ?ow accelerator 
enables it to accelerate the ?ow velocity of the turbidity raw 
water including the particles. The diameter of the water outlet 
of the conical ?ow accelerator is 5 cm and the ?ow condition 
at the water outlet is laminar ?ow with a Reynolds Number 
lower than 1,000. 
[0048] In a laminar ?ow, the particles are accelerated to 
pass through the particle-water separation area with linear 
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velocity During the particle-accelerating deposition period, 
the water molecule clusters with high diffusibility are guided 
to laterally move out of the particle-water separation area. 
Afterward, the clean water ?ows upward to clean water col 
lecting pipes at different heights so that clean water with 
different degrees of purity may be collected. 
[0049] The collected clean water thereafter needs to be 
processed under the traditional rapid sand ?ltration system. 
The vertically descending and condensed turbid water is 
emitted from the particle condenser. 
[0050] The required fundamental information for the sub 
ject invention includes: turbidity of the introduced raw water 
(NTU), weight percentage of suspended solid (SS), particle 
diameter distribution, density, operational water temperature 
etc. According to the particle-accelerating deposition method 
of the subject invention, three criteria should be considered: 
laminar ?ow limitation, vertical deposition of particles and 
horiZontal separation of water. The speci?cs of the three 
criteria are as follows: (i) The ?ow must meet the require 
ments for laminar ?ow (cannot be turbulent ?ow) so that the 
particles stay in streamlines, (ii) the particles must settle 
(driven by gravitational inertia and the accelerated ?ow), and 
(iii) the water molecule clusters with high diffusibility must 
steadily and laterally move out of the particle-water separa 
tion area and then be collected by clean water collecting pipes 
at different heights. On the basis of the particle information of 
the raw water and the aforementioned three criteria, the shape 
and dimension of the hollow conical ?ow accelerator, the 
length of the particle-water separation area, the siZe of the 
particle condenser, the heights of the clean water collecting 
pipes and the volume controls thereof are designed. 
[0051] The features of the subject invention include the 
geometric design of the hollow conical ?ow accelerator, the 
length of the particle water separation area, the particle con 
denser, and the clean water collecting pipes at different 
heights. 
[0052] The main features of the subject invention is 
described as follows: 

[0053] l. the shape of the ?ow accelerator is conical so that 
the speedup ratio can be as high as 25. The higher the 
speedup ratio, the better the separation effect. However, the 
higher the speedup ratio, the smaller the volume of the 
collected water. In an embodiment of the subject invention, 
the speedup ratio is preferably 4 on the condition that the 
accelerated ?ow remains a laminar ?ow. 

[0054] 2. The ?ow condition in the hollow conical ?ow 
accelerator is controlled by the height of the introduced 
water, the ?ow adjusters of the clean water collecting pipes 
and the ?ow-control valve of the particle condenser (the 
?ow in the ?ow accelerator should be laminar and should 
not be disturbed.) 

[0055] 3. The particle-water separation mechanism is based 
on the fact that the diffusibility of the water molecule 
clusters is greater than the inertia settling velocity of the 
particles in the vertical direction. The particle density and 
particle diameter distribution are the basis for designing 
the length of the particle-water separation area and the 
volume of the collected water from the clean water collect 
ing pipes in order to achieve the best particle-water sepa 
ration. 

[0056] 4. The particle condenser is a diameter-reducing 
pipe with a larger receiving entrance on top to receive the 
vertically depositing particles accompanied by a small 
amount of carrying water and condense them into high 
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turbidity Water. The receiving entrance of the particle con 
denser has an inner diameter larger than that of the Water 
outlet of the hollow conical ?oW accelerator. In an embodi 
ment, the condensed high-turbidity Water is controlled by 
the ?oW-control valve of the particle condenser, and the 
Water emitted from the particle condenser is about 25% of 
the total input of turbid Water. 

[0057] 5. In other Words, the high, the middle and the loW 
clean Water collecting pipes as Well as the silt-removing 
outlet collect around 75% of the total input of turbidity 
Water and the Water emitted from the particle condenser is 
about 25% of the total input of turbid Water. 

[0058] The particle investigation and the design of separat 
ing high-turbidity raW Water should be made in the folloWing 
stages: Stage 1 : investigating the hi gh-turbidity Water. That is, 
analyZing the turbidity of raW Water for Weight percentage of 
suspended solid (SS), particle diameter distribution, particle 
density, Water temperature etc., and observing the depositing 
rate of particles of different diameters to be used as references 
for the separation design. 
[0059] Stage 2: designing the shape of the holloW conical 
?oW accelerator. That is, deciding the input volume and How 
velocity of the raW Water and assessing the Reynolds Number 
and How velocity of the laminar ?oW therein. 

[0060] Stage 3: designing the particle-Water separation 
area. That is, deciding the length of the particle-Water sepa 
ration area and the relative spatial relationship betWeen the 
Water outlet of the holloW conical ?ow accelerator and the 
receiving entrance of the particle condenser. 
[0061] Stage 4: controlling the output volume of the col 
lected clean Water and the condensed high-turbidity Water. 
That is, on the basis of the input of raW Water determining the 
emission rate of the clean Water collecting pipes at different 
heights and the emission rate of the particle condenser. 
[0062] Stage 5: proceeding With an operation test. That is, 
preliminarily evaluating the separation of the particles and the 
clean Water on the basis of a unit operation test to evaluate the 
particle-removing ef?ciency under different parameters. 
[0063] Stage 6: proceeding With an large-scale test: since a 
unit apparatus of the subject invention can only process a 
limited amount of turbid Water, a large-scale test is needed to 
increase the capacity to process turbid Water so as to provide 
the Water plant With the desired Water-processing volume. 
The unit apparatus of the subject invention is about 1 m high. 
The large-scale test can be made by parallel connection of 
multiple subject apparatuses Which can be placed on top of 
each other so that the integrated apparatuses of the subject 
invention can meet the need of a Water plant. 

[0064] A preliminary test result shoWs that the subject 
invention can process turbid raW Water of more than 10,000 
NTU, and the larger the particle diameter, the better the par 
ticle-removing ef?ciency. The subject invention can process 
turbid Water With particles as small as 10 um. In addition, 
integration of multiple apparatuses of the subject invention 
can meet the need of a Water plant to purify turbid Water. No 
chemical materials need to be used in the subject invention. 
The purely physical particle-accelerating deposition and the 
clean Water diffusion of the subject invention are su?icient to 
separate particles from clean Water. The apparatus of the 
subject invention can be placed at different levels according to 
the landscapes Without losing the ability to process a great 
amount of turbidity. The subject invention can be installed at 
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the Water-entering end(s) of existing Water plants as an emer 
gency pre-treatment system in the hurricane season When 
turbidity of raW Water is high. 
[0065] In vieW of the above, the particle-accelerating depo 
sition and separation apparatus and method of the subject 
invention solve the problems of the conventional arts such as: 
consumption of a great amount of electricity, poor deposition 
rate, and a great amount of slurry created by adding chemical 
coagulating agent. 
[0066] The invention may also be implemented in other 
speci?c modes Without departing from the spirit and the 
essence of the invention. Thus, the above-mentioned embodi 
ments shall be regarded as explanatory but not restrictive. All 
changes consistent With the meaning and range of the claims 
and the equivalents shall fall Within the scope claimed by the 
invention. 

We claim: 
1. A particle-accelerating deposition and separation appa 

ratus comprising: 
a housing, containing: 

a holloW cylinder, provided With a plurality of clean 
Water collecting pipes disposed on a peripheral Wall 
thereof at various heights and equipped With at least 
one silt-removing outlet on a bottom thereof; 

a top plate, containing an opening therein and disposed 
on a top inner side of said holloW cylinder; and 

a bottom plate, containing an opening therein and dis 
posed at a bottom end of said holloW cylinder; 

a holloW conical ?oW accelerator, disposed in said housing 
and containing a Water inlet With a ?rst diameter, a Water 
outlet With a second diameter smaller than the ?rst diam 
eter, and a diameter-reducing portion betWeen said Water 
inlet and said Water outlet, said Water inlet being con 
nected to said opening of said top plate of said housing; 
and 

a particle condenser, disposed in said opening of said bot 
tom plate of said housing and under said Water outlet of 
said holloW conical ?oW accelerator, said particle con 
denser containing a receiving entrance connected With 
said opening of said bottom plate of said housing. 

2. The apparatus of claim 1, further comprising a screen 
disposed on top of said Water inlet of said holloW conical ?oW 
accelerator. 

3. The apparatus of claim 2, Wherein said particle con 
denser comprises a ?oW-control valve for controlling the 
volume of turbid Water emitted from said particle condenser. 

4. The apparatus of claim 2, Wherein said holloW cylinder 
has an inner diameter of approximately 15 centimeters and a 
height of approximately 105 centimeters, and can sustain the 
Water pressure at a depth of 1.5 meters. 

5. The apparatus of claim 4, Wherein said Water inlet of said 
holloW conical ?oW accelerator has a diameter of approxi 
mately 10 centimeters, said Water outlet of said holloW coni 
cal ?oW accelerator has a diameter of approximately 5 centi 
meters and a tangential angle of said Water outlet of said 
holloW conical ?oW accelerator is less than 20 degrees. 

6. The apparatus of claim 5, Wherein a length betWeen said 
Water outlet of said holloW conical ?oW accelerator and said 
receiving entrance of said particle condenser is approxi 
mately 20 centimeters. 

7. The apparatus of claim 2, Wherein said receiving 
entrance of said particle condenser has a diameter larger than 
that of said Water outlet of said holloW conical ?oW accelera 
tor and a tangential angle of less than 20 degrees. 
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8. The apparatus of claim 7, wherein said hollow cylinder 
of said housing are provided With three clean Water collecting 
pipes, namely a high, a middle and a loW clean Water collect 
ing pipe, each comprising a How adjuster. 

9. A particle-accelerating deposition and separation 
method for turbid Water under a laminar ?oW condition com 
prising the folloWing steps: 

(a) providing a housing comprising: a holloW cylinder pro 
vided With a plurality of clean Water collecting pipes 
disposed on a peripheral Wall thereof at various heights 
and equipped With at least one silt-removing outlet on a 
bottom thereof, a top plate containing an opening therein 
and disposed on a top inner side of said holloW cylinder, 
and a bottom plate containing an opening therein and 
disposed at a bottom end of said holloW cylinder; 

(b) providing a holloW conical ?oW accelerator disposed in 
said housing and containing a Water inlet With a ?rst 
diameter, a Water outlet With a second diameter smaller 
than the ?rst diameter, and a diameter-reducing portion 
betWeen said Water inlet and said Water outlet, said Water 
inlet being connected to said opening of said top plate of 
said housing; 

(c) providing a particle condenser disposed in said opening 
of said bottom plate of said housing and under said Water 
outlet of said holloW conical ?oW accelerator, said par 
ticle condenser containing a receiving entrance con 
nected With said opening of said bottom plate of said 
housing; 

(d) de?ning an area betWeen said Water outlet of said hol 
loW conical ?oW accelerator and said receiving entrance 
of said particle condenser as a particle-Water separation 
area; 

(e) guiding turbid Water into said Water inlet of said holloW 
conical ?oW accelerator; 

(f) collecting silt from said silt-removing outlet of said 
holloW cylinder accumulated on a bottom edge of said 
housing; 

(g) receiving particles through said receiving entrance of 
said particle condenser, said particles being accelerated 
and expelled from said Water outlet of said holloW coni 
cal ?oW accelerator and subsequently departing from 
said particle-Water separation area; and 

(h) collecting clean Water from said plurality of clean Water 
collecting pipes of said holloW cylinder, said clean Water 
being separated from said particles and laterally ?oWing 
out of said particle-Water separation area. 

10. The method of claim 9, further comprising a step of: 
providing a screen disposed on top of said Water inlet of said 
holloW conical ?oW accelerator so as to regulate the How 
velocity of said guided turbid Water to avoid disturbance. 
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11. The method of claim 10, further comprising a step of: 
providing a ?oW-control valve to said particle condenser to 
control a volume of turbid Water emitted from said particle 
condenser. 

12. The method of claim 11, further comprising a step of: 
providing a How adjuster to each of said plurality of clean 
Water collecting pipes. 

13. The method of claim 12, Wherein said holloW cylinder 
has an inner diameter of approximately 15 centimeters and a 
height of approximately 105 centimeters, and sustain the 
Water pressure at a depth of 1.5 meters. 

14. The method of claim 13, Wherein said Water inlet of said 
holloW conical ?oW accelerator has a diameter of approxi 
mately 10 centimeters, said Water outlet of said holloW coni 
cal ?oW accelerator has a diameter of approximately 5 centi 
meters and a tangential angle of said Water outlet of said 
holloW conical ?oW accelerator is less than 20 degrees. 

15. The method of claim 14, further comprising a step of: 
controlling the length betWeen said Water outlet of said hol 
loW conical ?oW accelerator and said receiving entrance of 
said particle condenser so that it is approximately 20 centi 
meters. 

16. The method of claim 15, Wherein said receiving 
entrance of said particle condenser has a diameter larger than 
that of said Water outlet of said holloW conical ?oW accelera 
tor and a tangential angle of less than 20 degrees. 

17. The method of claim 16 further comprising a step of: 
adjusting said ?oW-control valve of said particle condenser 
and said How adjuster of said plurality of clean Water collect 
ing pipes to keep the Reynolds Number of turbid Water that 
passes through the particle-Water separation area under 1000. 

18. The method of claim 16, further comprising a step of: 
adjusting said ?oW-control valve of said particle condenser 
and said How adjuster of said plurality of clean Water collect 
ing pipes to ensure that turbid Water passes through the par 
ticle-Water separation area Within 60 seconds. 

19. The method of claim 16, further comprising a step of: 
adjusting said ?oW-control valve of said particle condenser 
and said How adjuster of said plurality of clean Water collect 
ing pipes to keep the How velocity at the Water outlet of said 
holloW conical ?oW accelerator at approximately 1 centime 
ter per second (cm/ s.) 

20. The method of claim 16, further comprising a step of: 
adjusting said ?oW-control valve of said particle condenser 
and said How adjuster of said plurality of clean Water collect 
ing pipes to keep the collected clean Water from said plurality 
of clean Water collecting pipes of said holloW cylinder at 
around 75% of said guided turbid Water. 

* * * * * 


