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Abstract. The study of gas dynamics and deposition coefficients of the separating profile has
been performed. The three-dimensional model of working channels of the ship systems for air
purification from droplet moisture is developed. The distribution of velocity, static pressure,
dynamic pressure, kinetic energy of turbulence, and deposition coefficients for the flow rates
of 5, 10, 15, 20 m/s in separating profiles with the radii of 5, 10, 15, 20, 25 mm. The droplet
moisture deposition coefficient is 99.9 %. Designs of the ship systems for air purification from
droplet moisture are developed for the air flow ranging from 20 to 2000 m*/hour.

Keywords: separator; air purification system; moisture separator; 3D modeling.

AHHOTanus. BEIOMHEHBI HCCeT0BaHUS Ta30INHAMUAKH U KO3()(OUIIEHTOB OCaXICHHS Ce-
MmaparuoHHOro mpoduist. Pa3paboTaHbl TpeXMEpHBIC MOICTH pab0YMX KaHAIOB CYTHOBBIX
CHCTEM OYHMCTKHU BO3/AyXa OT KamesJbHO# Biaru. [lomyueHo pacmpeseneHrne CKOpOCTH, CTa-
TUYECKOTO JaBJICHUS, JHHAMHUYECKOTO JaBJICHUS, KHHETUIECKOW SHEprur TypOyJIEeHTHOCTH
1 KO3 GUIMESHTOB OCAXKICHUS ISl CKOpocTel moToka 5, 10, 15, 20 M/c B cenmapupyroImx mpo-
¢unsix ¢ paguycamu 5, 10, 15, 20, 25 mm. PazpaboTaHbl KOHCTPYKTUBHBIC PEIICHHS CYTOBBIX
CHCTEM OYHCTKH BO3/yXa OT KaleJbHOW BIard Jyis pacxona Bozayxa ot 20 mo 2000 m/4.

KiaroueBble ciaoBa: cemapatop, CHCTEMBI OYHUCTKH BO3AyXa; BIATOOTICIUTEINH;
3D-MonenupoBaHue.

AHoranist. Bukonano pocinimkeHHs Ta30AMHaMIKU Ta KoedillieHTiB OcaJKeHHs cerapariii-
Horo npodimto. Po3pobieHo TpuBUMipHI MOAET pOOOYHX KaHANIB CYIOBUX CHCTEM OUYHIICH-
HS TIOBITPS BiJl KparuMHHOI Bojorn. OTPHMAaHO PO3MOALN IIBUAKOCTI, CTATHYHOTO THCKY,
JUHAMIYHOTO THCKY, KIHETHYHOI eHeprii TypOyJeHTHOCTI Ta KoedilieHTIB OCaKEHHS IS
mBHAKocTel moToky 5, 10, 15, 20 M/c y cenapyrounx npodimsix 3 pagiycamu 5, 10, 15, 20,
25 MM. Po3po0IieHO KOHCTPYKTHBHI PILICHHS CyTHOBUX CHCTEM OYMIICHHS MOBITPS BiJ| Kpa-
TUTHHHOT BOJIOTH JUIsl BUTPAT moBiTps Bix 20 mo 2000 m3/rox.

KarouoBi cioBa: cemapatop;, CHCTEMH OUUINCHHS MOBITPS;  BOJIOTOBIIIITEHUK;
3D -MoaenroBaHH.

References

[1] Belousov V. V. Teoreticheskiye osnovy protsessov gazoochistki [ Theoretical foundations
of gas purification processes]. Moscow, Metallurgiya Publ., 1988. 256 p.

[2] Ryzhkov S. S., Basok B. 1. Ekologicheskiye resursosberegayushchiye tekhnologii dlya
promyshlennoy teplotekhniki na osnove dispersnykh dvukhfaznykh sred [Ecological resource-
saving technologies for industrial heat engineering based on dispersed two-phase media].
Promyshlennaya teplotekhnika — Industrial heat engineering, 2001, no. 45, pp. 141—145.

[3] Van-Dayka M. Techeniye zhidkosti i gaza [Liquid and gas flow]. Moscow, Mir Publ.,
1986. 114 p.

[4] Rayst P. Aderozoli. Vvedeniye v teoriyu [Aerosols. Introduction to the theory]. Moscow,
Mir Publ., 1987, pp. 34-40.

[5] Mednikov Ye. P. Turbulentnyy perenos i osazhdeniye aerozoley [Turbulent transfer and
deposition of aerosols]. Moscow, Nauka Publ., 1981. 176 p.

[6] KalvertS., Inglund G. M. Zashchita atmosfery ot promyshlennykh zagryazneniy: Spra-
vochnik Ch. 1 [Protection of the atmosphere from industrial pollution: Handbook. Part 1].
Moscow, Metallurgiya Publ., 1988. 760 p.

115



§HIPBUILDING smi.nuos.edu.ua | smi@nuos.edu.ua

NCCJIEAOBAHUA N PASPABOTKU

MARINE INFRASTRUCTURE

N°2 (8) 2017

[71 Ryzhkov S. S., Kharytonov Yu. M., Blahodatnyi V. V. Metody ochyshchennia povitrianoho seredovyshcha vid
zabrudnen [Methods for the air medium purification from contaminants]. Mykolaiv, UDMTU Publ., 2002. 56 p.

Problem statement. Providing comfort in ship ac-
commodations and service premises, as well as main-
taining necessary technological conditions in production
premises, requires air purification from droplet moisture.
Moisture ingress into the air duct leads to the dampness
of air-conditioned rooms, intense corrosion of equip-
ment, which can lead to accumulation of moisture in cer-
tain areas, etc. It is reasonable to increase the efficiency
and reduce the dimensions of ship systems intended for
air purification from droplet moisture through designing
devices with the most effective deposition surfaces with
the help of separation gradient aerosol technologies. The
development of models and research methods that al-
low for the calculation of gas dynamics in the working
channels of the purification systems and deposition coef-
ficients for the equipment’s entire operating range will
provide the basis for the development of ship systems for
air purification from droplet moisture.

Latest research and publication analysis. At pres-
ent, vast use is made of inertial separators, the separat-
ing elements of which either have demister pads or are
empty and provide internal drainage of droplet mois-
ture [1]. Tests of the mist eliminators described in [2]
have showed their insufficient separation ability and in-
creased acrodynamic drag. In addition, the manufacture
of such separating elements requires a large amount of
work that can not be mechanized. A possible solution is
the development of high-efficiency gradient separators
of aerosol media for ship power plants. Creation of the
technologies for separation of aerosol media with the
use of new phase capture techniques offers a significant
reserve for energy saving. It is promising to develop in-
novative methods implementing gradient intensification
of the transfer processes in the boundary layers of multi-
functional surfaces of power plants. The multifunctional
surfaces include those characterized with a compactness
coefficient exceeding 2000 m*m?, enhanced heat ex-
change, and separating properties. The use of methods
and techniques for designing and implementing filters
based on gradient technologies will increase the reliabil-
ity and service life of the ship’s power equipment and
its elements. In turn, this will promote the creation of
high-efficiency energy-saving technologies and efficient
design solutions for a wide range of gradient separators
of ship power plants [5].

THE ARTICLE AIM is to present the development
of ship systems for air purification from droplet mois-
ture.

The aim can be achieved by tackling the following
objectives:

— to perform mathematical modeling of the processes
at the initial velocities of 5, 10, 15, 20 m/s on the basis of
separation gradient aerosol technologies at different flow
rates in the separating profiles with the radii of 5, 10, 15,
20, 25 mm;

— to calculate the distribution of velocity, static pres-
sure, dynamic pressure, kinetic energy of turbulence, and
deposition coefficients on the basis of separation gradi-
ent aerosol technologies for the flow rates of 5, 10, 15,
20 m/s in separating profiles with the radii of 5, 10, 15,
20, 25 mm;

— to calculate the coefficient of deposition of droplet
moisture for the flow rates of 5, 10, 15, 20 m/s in separat-
ing profiles with the radii of 5, 10, 15, 20, 25 mm;

— to develop design solutions of ship systems for air
purification from droplet moisture for air consumption
ranging from 20 to 2000 m3/h;

— to develop and approve drawings for a lineup of
ship systems for air purification from droplet moisture;

— to develop and approve the enterprise standard for
the lineup of ship systems for air purification from drop-
let moisture.

Basic material. Mathematical modeling. The Reyn-

olds stress transport equations pu'u'; can be written in

i
the following form:
g(pM)+ Cy=Dry+ Dy +F+Gy+
ot
=&y T E+ S (M

where g(pM) is the partial derivative of time;
t

Y a 1ot : 1 .
N, Ea(puku[u ,.) is the convective component;

a [ ! !
Dry = _E[pui“j”k + POy + 5y )]
y 0 ﬂi(ﬁ) is
axk 8xk o

) . ——Ou; ——0Ou;
the laminar diffusion; P; = —p| ujuj —+ujjuj —
6xk axk

represents

the turbulent diffusion; Dy ; =

stands for the formation of tension;

Gy =—pPlg;us0 + g ;ul0) is the formation of buoyancy

’

ouj Ouj ) .
force; ¢; =p L+ —| indicates the stress exerted
X ax] axi
ou! Ou'; NP
by pressure; &; =2u L~ stands for dissipation;
6xk axk

Fy =-2pQ k(u'ju;ngikm +ulul,e jkm) represents the for-
mation of the rotational system; S is the element set
by the user.

The energy equation obtained on the basis of this

theory has the following form:
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where E is the total energy;
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stress tensor.

is the deviator

The turbulent mass transfer equation is modeled by
substituting the enthalpy of equation (2) with the concen-
tration of particles of a dispersed multiphase flow:

0 0
— +—|u, =
5 PO+ o o)

0 U oC
=—I|| D+——|—+ulz,) |. 3
axj li[ pPrtD\J@xj ( i )e,tf] (3)

The continuity equation for the flow without the par-
ticle source at a constant density of the liquid is as fol-
lows:

ou,
6x

The equation of the dynamics of the particles move-

=0. @)

ment in the gas flow is written as follows:

ou
F=FR+F+F+F +F, 6)

X

where x, is the time, force per unit mass of the particle;
2

F = lﬁg(u —u, )istheforceofinertia,F, = —0,5m, Oy

2 p, Ot

is the force of turbophoresis, 7,

y
—(P] ou is the diffu-
P )" ox
2K0'"?pd,;
d (dlkdkl)
18/1 c,

siophoretic force, F, = (v-v,) is the Saffman

lift force, and F, = Re is the force of resistance.

Ppd;
In these expressions, P is the value of pressure of the

wall, p is the flow pressure, d,, is the particle diameter,
p, is the particle density, v, is the particle velocity, p is
the density of multiphase high-pressure fuel mixtures, v
is the gas velocity, d is the deformation tensor, K is equal

to 2.594, Re = pd, ‘ up—u] is the Reynolds number, u is
u

the initial flow rate; u,, is the particle velocity; u is the
molecular viscosity of the flow; p is the flow density; p,
is the particle density; d, is the particle diameter. The
coefficient of resistance is calculated as follows:

b,Re
b, +Re

24 b
C,=—I1+bRe™ |+ X 6
b= ool hRe") (©)
where b is the polynomial coefficient to be set.
The quantities Cij, D,,.P, and F ; are calculated di-
rectly from the above expressions, while D, " Gl.j, (I)l.j, €;

are modeled in the form that allows closing the system
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of equations. The methods used in their modeling have
been detailed in previous publications.

Upon the solution of the equations, the purification
intensity is determined by the mass, hydrodynamic, and
energy coefficients for intensification of deposition (la-
beled as Km, Kh, and Ke, respectively). The principles
of calculation of these coefficients suggest maximizing
the mass of deposited particles while minimizing the
geometric volume of the processes and the mechanical
work of the particles transfer relative to the internal and
external energy expenditure. Based on these principles,
the integrated indicator of the purification intensity /P/ is
calculated with the use of the following formula:

IPI=1—(1 - Km)(1 - Kh)(1 - Ke), 7

where
Km = (EMiin — EMiout)/ZMiin, ®)
Kh = (Vi - ZViu)/ZVi, 9)

Ke=1-(A+L(E, +E,), (10)

In these formulas, XMiin and XMiout are the total
mass of the particles with the size of i at the inlet and out-
let of the zone, respectively; X Vi and Viu is the total vol-
ume undergoing purification or left unprocessed, respec-
tively; 4 = ZIF is the total work on the particles transfer
over the distance / under the impact of the forces F; L
= G[A(pv) + AW*/2) + gAh] + L + L, is the work per-
formed by the flow of the G consumption; £, = A(c tG1)
is the internal energy expenditure of the flow, while £ _is
the external energy expenditure.

Research results. Development of ship systems in-
tended for air purification from droplet moisture involved
a study of the separating profile (Fig. 1) with the follow-
ing parameters: R/ = (0.05+0.5)L; h = (0.5+5.0)R/;
R2=(0.01-1.0)L.

The profile under study is 80 mm long, with 2 drain
grooves on the top and 2 drain grooves on the bottom,;
the grooves are 3 mm long and 2 mm deep. The curva-
ture radii of the profile selected for analysis are 5, 10,
15, 20, and 25. The study of the separating profiles has
been performed with the help of three-dimensional de-
sign grids (Fig. 2).

On the basis of the mathematical model of the pro-
cesses, the initial and boundary conditions were set for
substitution to the system of equations. It allowed cal-
culating the basic parameters of the separating profile.
For the calculation accuracy, the criterion of coinci-
dence 10~ was applied to the variables of velocity, flow
continuity, kinetic energy of turbulence, and Reynolds
stresses.

In the process of calculation, the following param-
eters were set:

e three-dimensional real-size geometry (length of 80
mm and height of 5...25 mm);
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Fig. 1. Structure diagram of the separating profile with varying curvature radii and dimensions: R/ = (0.05+0.5)L; h = (0.5+5.0)RI;

R2=(0.01+1.0)L:

1 — profile inlet; 2 — R1 zone; 3 — R2 zone; 4 — RI zone; 5 — droplet capture (demisting) zone

e calculation grid built of triangular segments with
the area of S =30-10% m?;

e environment parameters — normal conditions;

® gas density of p = 1.225 kg/m?;

® gas viscosity of n,= 1.79-107 kg/(m-s);

e the channel wall material is aluminum with the
roughness of 0.1 mm and density of p = 2690 kg/m’;

e minimal particle diameter of 3 um;

e average particle diameter of 100 um;

e maximum particle diameter of 150 pum;

e concentration of the liquid phase (H,0) — 5, 10,
15,20%;

e velocity range — 5, 10, 15, 20 m/s.

Fig. 3—10 present the distribution of velocity (flow
rate), kinetic energy of turbulence, static and dynamic
pressure for the channel with the radii of 5, 10, 15, 20,
25 mm at U=15...20 m/s. The calculation results indicate
that the channel with the length of 80 mm and radius of
15 mm has the most efficient hydrodynamic character-
istics.

Aerosol deposition in the separating profile has been
calculated for the particle diameter of 1...3 um, liquid
phase concentration (H,0) of 5, 10, 15, 20 % and the ve-
locity range of 5, 10, 15, 20 m/s. At that, the problems of
non-stationary conditions with the final step in time were
solved with the Raising Rambler method for the par-
ticle trajectory to reach the deposition surface (the pro-

file walls or the outlet cross section) in the calculation
grid. The calculation assumed that the coincidence of the
particle trajectories implied their combination (Table 1).
The particle was considered to be captured if its trajec-
tory coincided with the wall of the channel.

At the rate of 5...10 m/s, the deposition coefficient of
the profile with the radius of 5 mm makes up 36.1...30.2 %.
When the flow rate is increased up to 20m/s, the liquid
phase breaks away and the deposition coefficient de-
creases to 20.8 %. At the rates up to 5...10m/s, the depo-
sition coefficient of the profile with the radius of 10 mm
makes up 91.9...90.4%. When the flow rate is increased
up to 20m/s, the liquid phase breaks away and the de-
position coefficient decreases to 51.9%. At the rates up
to 5...10m/s, the deposition coefficient of the profile
with the radius of 15 mm makes up 99.9...99.1 %. When
the flow rate is increased up to 20m/s, the liquid phase
breaks away and the deposition coefficient decreases to
74.9%. At the rates up to 5...10 m/s, the deposition co-
efficient of the profile with the radius of 20 mm makes
up 85.6...72.9%. When the flow rate is increased up to
20m/s, the liquid phase breaks away and the deposi-
tion coefficient decreases to 50.5%. At the rates up to
5...10 m/s, the deposition coefficient of the profile with
the radius of 25 mm makes up 42.5...31.3%. When the
flow rate is increased up to 20 m/s, the liquid phase breaks
away and the deposition coefficient decreases to 15.9 %.

Table 1. Calculation of the coefficient of deposition in the separating profile

R U=5m/s U=10m/s U=15m/s U=20m/s

(mm) | 5% | 10% | 15% [ 20% | 5% | 10% | 15% | 20% | 5% | 10% | 15% | 20% | 5% | 10% | 15% | 20%
5 357 | 347 | 35.8 | 36.1 | 31.3 | 31.2 | 31.4 | 302 | 259 | 24.8 | 257 | 26.4 | 20.8 | 20.6 | 20.4 | 20.2
10 91.6 | 91.4 | 91.3 | 919 | 948 | 92.8 | 91.3 | 904 | 70.9 | 694 | 68.2 | 68.3 | 51.9 | 50.3 | 50.5 | 49.4
15 99.9 [ 999 | 99.9 | 999 | 99.6 | 99.3 | 99.4 | 99.1 | 82.3 | 82.4 | 83.5 | 849 | 749 | 73.5 | 74.1 | 73.8
20 843 | 85.1 | 85.6 | 855 | 82.0 | 789 | 744 | 729 | 61.3 | 61.6 | 60.8 | 60.3 | 50.5 | 50.4 | 49.7 | 48.4
25 425 | 42.1 | 419 | 41.2 | 32.0 | 32.5 | 31.3 | 314 | 22.7 | 224 | 21.8 | 214 | 154 | 15.1 | 159 | 14.6
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Fig. 2. Calculation grid of the three-dimensional operational geometry of the separating profile: 1) R/ =60 mm, R2 =5 mm, 2= 15 mm,
L=80mm;2)R]=25mm,R2=10mm, #= 15 mm, L =80 mm; 3) R/ =12 mm, R2=15mm, 2= 15 mm, L =80 mm; 4) R/ =4 mm,
R2=20mm, 2= 15 mm, L =80 mm; 5) R/ =1 mm, R2 =25 mm, A =15 mm, L =80 mm; 6) a =2 mm, b =3 mm, ¢ =5 mm,

d=14 mm

119



§HIPBUILDING

MARINE INFRASTRUCTURE

smi.nuos.edu.ua | smi@nuos.edu.ua
UCCJIEAOBAHNA U PASPABOTKU

N°2 (8) 2017

Distribution of velocity (m/s) Static pressure (Pa)
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Fig. 3. Calculation of the distribution of velocity and static pressure for the channel radii of 5, 10, 15, 20, 25 mm at U= 5 m/s
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Kinetic energy of turbulence (m?/s) Dynamic pressure
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Fig. 4. Calculation of the distribution of kinetic energy of turbulence and dynamic pressure for the channel radii of 5, 10, 15, 20, 25
mm at U= 5 m/s
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Fig. 5. Calculation of the distribution of velocity and static pressure for the channel radii of 5, 10, 15, 20, 25 mm at U= 10 m/s
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Kinetic energy of turbulence (m”/s) Dynamic pressure
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Fig. 6. Calculation of the distribution of kinetic energy of turbulence and dynamic pressure for the channel radii of 5, 10, 15, 20, 25
mm at U= 10 m/s
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Distribution of velocity (m/s)
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Fig. 7. Calculation of the distribution of velocity and static pressure for the channel radii of 5, 10, 15, 20, 25 mm at U= 15 m/s
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Fig. 8. Calculation of the distribution of kinetic energy of turbulence and dynamic pressure for the channel radii of 5, 10, 15, 20, 25
mm at U= 15 m/s
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Distribution of velocity (m/s) Static pressure (Pa)
g E T a7 1530 4881 FEAG
RS
[
D
E 2]
£ E
S
=2a
L
D
45535 20RED DL TEEM 251,76 a3852 E0527 T2aN
e w2
g E
S
2
i
D
FET AR AR RR 1 0, 32 GG B “BlM miﬁﬁu.u
g Z \
g E
s .
SIS
i
D
1!0?;; RE R ERE-E - MY ] A71ERT Dz A4 FIG.H 7'.:-12-E 19’;6:“ 1067 ARAGHG DD
E w2
g E
S
Q&
I
D

Fig. 9. Calculation of the distribution of velocity and static pressure for the channel radii of 5, 10, 15, 20, 25 mm at U =20 m/s
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mm at U =20 m/s
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As aresult, it has been established that the deposition
channel with the radius of 15 mm and the velocity range
of 1...10 m/s are the most efficient separation options.

Upon studying the most efficient radius of the sepa-
rating profile and determining the working velocities in
the channel, there has been developed a general scheme
of ship air purification systems aimed at elimination of
droplet moisture and created a three-dimensional model
of the 1000x500%116 mm separator (Fig. 11). The model
was taken as a basis for building a calculation grid (see
Table 2 and Fig. 12) with the following parameters:

e hree-dimensional  real-size =~ geometry  of
1000x500%116 mm;

e calculation grid built of triangular segments with
the area of S=30-10* m?

e cnvironment parameters — normal conditions;

® gas density of p, = 1.225 kg/m’;

® gas viscosity of n,=179- 107 kg/(m-s);

e the channel wall material is aluminum with the
roughness of 0.1 mm and density of p , = 2690 kg/m’;

e minimal particle diameter d_, of 3 pum;

e average particle diameter d__ of 100 pm;

e maximum particle diameter d___ of 150 pm;

e concentration of the liquid phase (H,0) — 5, 10,
15,20%;
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e velocity range — 1,2, 3,4,5,6,7,8,9, 10 m/s.

Air purification from droplet moisture that take place
in ship systems involves moisture deposition on the sur-
face of separating profiles and water drainage into a tray,
without damage to the formed water film (secondary
flooding of the flow). In the curved channel, droplets of
water transported by the air flow are deposited under the
action of inertial forces both on the convex (frontal) and
concave part of the channel.

In ship air conditioners, the intake air velocity is
within the range of 2...10 m/s, the concentration of drop-
let moisture reaches 30 g/kg, and the average weight
diameter of droplets reaches 100—150 um when water
is being dispersed with mechanical nozzles and 200 pm
when the film breaks away from the edges.

The droplet moisture deposition has been studied ex-
perimentally on a test stand in the form of an open-type
aerodynamic tube. As a result, the maximum concentra-
tion of the liquid phase for this separating profile was
established at the initial air velocity of U= 1...10 m/s.

The disperse air-water mixture was prepared in the
mixing chamber with the help of mechanical and pneu-
matic nozzles. The dispersity was determined by means
of the contact method, i.e. by applying droplets onto mir-
ror plates with subsequent photographing. The separa-

b)

Fig. 11. General scheme of ship systems for air purification from droplet moisture (a), three-dimensional model of the separator of

1000x500%116 mm ():

1 — separating profile; 2 — fastening flange; 3 — drain tray; 4 — drain pipe; 5 — separating profile fastening; (for A—A: / — separat-
ing profile; 2 — separating profile fastening); A4, B A1, H, b, h — equipment dimensions
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Table 2. Calculation results for the deposition coefficient of the 1000x500%116 mm separator

U, Liquid phase concentration in the flow
m/s 5% 10% 15% 20%

dinin diid Ainax i dimid Ainax i did Ainax diin i inax
1 90.1 99.9 100 85.9 99.9 100 83.9 99.9 100 82.8 99.9 100
2 90.3 99.9 100 85.6 99.9 100 83.6 99.9 100 82.2 99.9 100
3 90.6 99.9 100 85.2 99.9 100 83.3 99.9 100 81.9 99.9 100
4 90.0 99.9 100 85.4 99.9 100 83.2 99.9 100 81.6 99.9 100
5 90.4 99.9 100 85.1 99.9 100 83.1 99.9 100 81.2 99.9 100
6 90.1 99.9 100 84.5 99.9 100 82.7 99.9 100 80.8 99.9 100
7 90.2 99.9 100 84.1 99.9 100 82.3 99.9 100 80.4 99.9 100
8 89.9 99.9 100 83.9 99.9 100 81.9 99.9 100 80.2 99.9 100
9 89.4 99.9 100 83.6 99.9 100 81.5 99.9 100 79.8 99.9 100
10 89.1 99.9 100 83.1 99.9 100 81.1 99.9 100 79.1 99.9 100

GENERAL THREE-DIMENSIONAL MODEL 1000x500x116 MM Velocity distribution in the channel

isosymmetry side view top view (m/s)

_ -

Fig. 12. Calculation grid and velocity calculation for the separator model of 1000x500% 116 mm
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tion ability was determined via three methods: material
balance, contact method, and filtration with the help of
analytical Petryanov filters.

The analysis has showed that droplets are deposited
on the convex and concave parts of the profile in compa-
rable amounts. As a result, two-side drain elements should
be fitted into the separating profiles to prevent secondary
flooding. A special feature of the profiles under develop-
ment is a combination of a wave-shaped middle part with
flat inlet and outlet parts. The profiles are assembled into
curved channels with a number of successive converging
and diffusing sections. The latter have breakaway zones
with the reverse gas flow. There, the liquid film resulting
from the deposition of droplets is subject to the impact
of vortices which prevent the film movement with the
main flow, contributing to its drainage under the action
of gravity.

The vortex zones provide complete removal of the
captured moisture from the smooth profile surface up
to the velocity of 5 m/s. Above this velocity, some part
of the moisture is removed from the vortex zones. That
is why, special drain elements are provided to prevent

N°2 (8) 2017

secondary flooding of the flow in the flat section of the
separating profile.

In air conditioning systems with surface heat exchang-
ers, the main source of droplet moisture is the air cooler.
The air flow breaks the condensate film away from the
edges of the heat exchange surface, thus forming droplets.
In the systems with contact devices, the processed air is
saturated with moisture droplets in nozzle chambers, film
machines, etc. The droplet size depends on the mode of
spattering, the conditions of the water particles breakaway
from the surface, and the essence of interaction of the
particles with the air flow. Large droplets may be crushed
under the impact of acrodynamic forces. Theoretical and
experimental studies indicate that the disintegration of
droplets is determined by the Weber number. When it ex-
ceeds 14, all the drops are disintegrated; the larger the We-
ber number is, the smaller the newly formed droplets are.

The conducted theoretical and experimental studies
allowed for the development and approval of drawings
for a lineup of ship systems for air purification from
droplet moisture, as well as an enterprise standard for
this lineup (Table 3-5).

Table 3. Experimental data for the deposition coefficient of the 1000x500x116 mm separator

U, Liquid phase concentration in the flow

m/s | 5% | 10% | 15% [ 20% | 25% | 30% | 35% | 40% | 45% | 50% | 55% | 60% | 65% | 70% | 75% | 80%
1 99.9 1999 | 99.9 1 999 | 999 | 949 | 91.4 | 90.6 | 81.1 | 79.2 | 75.0 | 71.9 | 67.8 | 61.7 | 554 | 53.1
2 99.9 1999 1 999 | 999 | 999 | 94.1 | 919 | 913 | 81.8 | 784 | 75.1 | 71.2 | 66.4 | 629 | 554 | 51.9
3 99.9 199.9 1 999 1 999 | 999 | 959 | 91.0 | 91.6 | 81.9 | 79.3 | 74.8 | 70.9 | 67.7 | 63.8 | 54.2 | 50.4
4 99.9 1 99.9 1 999 | 999 | 999 | 954 | 91.1 | 91.2 | 81.3 | 789 | 74.1 | 69.0 | 68.5 | 62.3 | 55.2 | 51.1
5 99.9 1999 1 99.9 | 999 | 999 | 95.1 | 91.9 | 90.2 | 80.3 | 79.6 | 73.0 | 68.8 | 69.4 | 61.3 | 542 | 51.9
6 99.9 1999 |1 99.9 | 99.9 | 99.9 |1 90.1 | 84.8 | 89.9 | 789 | 71.9 | 68.9 | 61.9 | 63.2 | 54.1 | 49.9 | 45.9
7 99.9 1999 |1 999 | 999 [ 999 | 829 | 82.5 | 822 | 741 | 69.2 | 62.1 | 57.1 | 53.9 | 494 | 44.1 | 399
8 99.9 1999 |1 999 | 999 [ 999 | 80.3 | 793 | 749 | 70.7 | 643 | 57.8 | 52.0 | 473 | 41.6 | 37.8 | 32.9
9 99.9 1999 |1 999 | 999 [ 999 | 782 | 77.1 | 71.2 | 66.4 | 59.9 | 51.2 | 457 | 41.2 | 36.7 | 32.5 | 269
10 ] 999 1 999 ] 99919991 999 | 839 | 759 | 699 | 619 | 549 | 469 | 41.8 | 359 | 319 | 28.2 | 249

Table 4. Classification of water separators

Types of water separators General purpose
VVM Main air/water separators for air conditioning and ventilation systems
VVMI1 Main air/water separators for machine ventilation systems
VVK Air/water separators of central air conditioners in air conditioning systems

Table 5. List of water separators by volumetric consumption

Designation Volumetric air consump- | Aerodynamic drag, Pa | Working moisture satura- Separating property, %
tion, m3/h (mm of water column) tion, g/kg of dry air (marginal deviation — 1.0)
VVM 6.3 630 — 1600 40-250
VVM 10.0 1000—-2500 55-315
VVM 16.0 1600—4000 40-250
VVM 25.0 2500-6300 40-250
VVM 40.0 4000—10000 45-315
VVM 63.0 6300—16000 40-250
VVMI 100.0 10000—16000 60—155 20 100
VVMI 160 16000-25000 65-150
VVMI 250.0 25000-40000 92-235
VVMI 400.0 30000—40000 100—-160
VVK 16.0 1600—4000 20-100
VVK 25.0 2500-6300 25-125
VVK 40.0 4000—10000 20-100
VVK 63.0 6300—16000 20-155
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Fig. 13. Three-dimensional exterior design of the ship system for air purification from droplet moisture:
a—500x250x116 mm; b — 1000x500x116 mm; ¢ — 2000x1000x116 mm

Fig. 13 demonstrates the typical design of a ship
system for air purification from droplets moisture with
a single-row package of separating profiles with the fol-
lowing dimensions: 500x250x116 mm, 1000x500x116
mm, 2000x1000x116 mm. They have been supplied with
design documentation and working prototypes.

Tests of these water separators have showed that the
capture coefficient is practically equal to 100% at the
moisture saturation up to 50 g/kg and the intake air ve-
locity up to 10 m/sec. At the velocity of 5 m/s, the aero-
dynamic drag makes up 50 N/m?

CONCLUSIONS. 1. Mathematical modeling of
separation at the initial air velocity of 5, 10, 15, 20 m/s
has been performed with the use of separation gradient

aerosol technologies at different flow rates in separating
profiles with the radii of 5, 10, 15, 20, 25 mm.
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2. Distribution of velocity, static pressure, dynamic
pressure, kinetic energy of turbulence and deposition co-
efficients has been calculated based on separation gradi-
ent aerosol technologies for the flow rates of 5, 10, 15,
20 m/s in separating profiles with the radii 5, 10, 15, 20,
25 mm. The coefficient of droplet moisture deposition
was calculated for the flow rates of 5, 10, 15, 20 m/s in
separating profiles with the radii 5, 10, 15, 20, 25 mm.

3. There have been developed design solutions for
ship systems for air purification from droplet moisture
for the air consumption ranging from 20 to 2000 m3/h.

4. Drawings for a lineup of the ship air purification
systems have been developed.

5. The enterprise standard for the lineup of the ship
air purification systems has been developed.
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