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ANALYSIS OF THE SPECIAL FEATURES
OF HYDRODYNAMICS IN THE BOUNDARY
LAYER OF THE NOZZLE OF THE
DEVELOPED SURFACE

O6’cxmom docrioncennam € 2i0pooUNaAMIKA NOZPANUUNOZ0 WAPY HACAOKOB020 eeMeNmy 3anponoHo6anoi
Koncmpyxkuii. B x00i nposedenns docuioncenns Oyau 6UKOPUCTAIT MEMOOU KOMN IOMEPHO20 MOOCIIOBAHHS 6 Ce-
pedosuwi ANSYS, soxpema 610k CFX, w0 6xmiouae cyxynmicms (Gisuunux, MameMamudtux i 4uuceivHux memodie,
npusnavenux 01 0GUUCIEHH XAPAKMePUCUK NOMOoKosux npoyecia. IIposedeno ananis eniusy weudxocmi pyxy
pidunu 6 nacadkosomy Giopeaxmopi na eeaununy 2iopasiiuinozo onopy 0L HACMYNHUX BEIUUUN WEUOKOCTEL PYXY
pidunu: 0,1 m/c; 1m/c; 2 m/c. Ompumaii dani maiisice nOSMOPIOIOMb 3HAUEHISL EKCNEPUMEHMATLHUX 0CLIONCEND,
w0 niomeepoicye npasuiviicms nobydosu Komn omepnoi modeii. I[Iposederno modenosaniis 2iopoounamixu 00u-
HOUNOT HACAOKU 3aNPONOH0BAHOT KOHCMPYKUIL NP no3006IHCHLOMY Ma NONEPEUHOMY OOMIKAHHL NOMOKOM PIOUHIL.
3minu 2idpasniunozo onopy npu nonepeunomy oOMiKanHi HACAOKU He3HAUNI, MAKCUMALLHE 3HAUEHHS LeHCUMD
6 meaxcax 101,3 xlla, npu no83008H#HLOMY OMUBAHHT 3HAUEHHS NepPenady MUCKY Jexumyb 6 mexcax 6id 98,96 do
102,7 xklla. Ompumano eniopu posnodiienis nNoiie ma 6eKmopie WeuoKocmel 6 nozpanUUHOMY Wapi HAcAoKL.
IIpu nonepeurnomy oMusanHi HACAOKU BeIUUUHA WEUOKOCMEU 3HaAx00umvcs 8 mexcax 6id 0 do 1,511 m/c, npu
1083008HCHLOMY OMUBAHHT Aexcumb 6 mexcax 6id 0 do 1,968 m/c. Bcmanosnieno po3nodin eeruvunu weuoxkocmi
3CY8Y 8 NPULPAHUUHOMY UWLAPT, NPU NONEPEUHOMY OMUBAHHT HACAOKU BEIUYUHA WEUOKOCTNI 3CY8Y NOMOKY AEHCUMD
6 mexcax 6i0 3,1 do 4,27-10° ¢!, npu nos3dosiucnvomy obmixanmi nacaoku yeii NOKAIHUK cmanosums 6io 5,6
0o 1,25-107 ¢, 3asdsaku euxopucmanmio 3anpononosaroi nacadku 3a6e3neuyemvcs MONCIUCICIb OMPUMAILSL
BEAUKUX NUMOMUX T06EPXOHL 0N IMMOOLII3aYI] MIKPOOP2AIi3Mie, 3G YMOBU GI0N0GIOHOCI KPUMUUHUX NAPA-
Mempig npouyecy KYJivmusyeanis 0ONYCMUMUM ZPAHUYHUM BIOXULEHHAM. Y NOPIBHSIHHI 3 MEMOOaMu BUSHAUCHHS
ONMUMATHHUX NAPAMEMPIE eKCHEPUMEHMALLHUM WAAXOM 3ANPONOHOBANA KOMN tomepia modeis 3abe3neuye
maxi nepesazi: CYmmeee IMeHULeHHI MAMEPIALLHUX GUMPAm Ha NPoBadlceins Ho80l KOHCMPYKUITl Hacadxu ma
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1. Introduction

The use of developed heat and mass transfer surfaces,
today, is widely used in various industries [1, 2]. In bio-
technology quite often use packed bed mass-exchange ap-
paratus, which are columns filled with nozzles of various
shapes, that is, bodies which geometric shape is substan-
tially developed in comparison with their volume [3]. The
contact of the gas (fluid) with the fluid occurs on the
wetted surface of the nozzle, on which the absorbent fluid
flows. Fluid flow along a nozzle is usually film-like, there-
fore they are often referred to as film [4]. Creating new
designs of nozzles with a more developed specific surface
area is an important task. However, when designing, it
is necessary to take into account some limiting parame-
ters, such as: hydrodynamics in the boundary layer of
the nozzle, features of manufacturing the nozzle and the
use of inert materials [5]. Since the movement of fluid
near the nozzle surface carries a purely laminar regime, it
significantly affects heat and mass transfer, therefore the
object of research is the hydrodynamics of the boundary
layer of the nozzle element of the proposed design. And
the aim of research is simulation of the hydrodynamics
of the nozzle of the developed surface of the proposed
design in the ANSYS environment. The establishment of

hydrodynamic features near the nozzle of the proposed
design will allow to establish the optimal parameters and
evaluate the possibility of using the nozzles of the proposed
design in packed bed mass transfer devices.

2. Methods of research

2.1. Modeling hydrodynamics of a porous layer in a closed
volume in the ANSYS environment. For computer simulation
of the flow of fluid through a porous nozzle, the ANSYS
environment, namely the CFX module, is used. For the
adequacy of the model to real processes, it is necessary
to form conditions of unambiguity.

Geometric conditions. Before modeling the process, let’s
construct the geometry of the volume of the inner cavity
of the bioreactor in the SolidWorks environment, in which
the fluid is in the process of cultivation. Let’s divide this
volume into three domains (Fig. 1). The height of the nozzle
placement zone is 80 mm, the diameter of the internal ca-
vity is 95 mm, the total height of the volume is 120 mm.

Physical conditions. Before setting physical conditions,
it is necessary to split the domains into finite elements.
To do this, using Mesh, create a mesh using the default
settings. The mesh formation is performed using the form
of triangular pyramids, since the use of this type of split
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even increases the required design power, however, it gives
an opportunity to evaluate the hydrodynamic features at
a deeper level. The minimum element size is 1.07-107° m
and the maximum surface size is 1.07-103 m. Relevance
Center: Fine and Smoothing: High parameters are selected
to create the mesh. Next, for each of the domains, let’s
define the physical conditions. Environment, which is washed
the nozzles, is a fluid with thermophysical parameters of
water, a nozzle — aluminum elements with a porosity of 0.6.

Boundary conditions. On the upper end of the volume,
let’s set the velocity of the fluid w, and the lower yield
of the fluid without the additional hydraulic resistance P.
The outer surfaces of the cylinder are defined as an adia-
batic wall without slipping the fluid.

S~

Fig. 1. The geometry of the simulated volume:
the domain in which there can only be fluid; 2 — the domain in
which the nozzle is located

1,3 -

2.2. Simulation of hydrodynamics of the houndary layer
of the nozzle of the proposed design in the ANSYS environ-
ment. Using a similar technique, let’s simulate the hydro-
dynamics of the nozzle of the proposed design. To do this,
let’s create its geometry in the SolidWorks environment.
It represents a continuous volume in which there can be
a fluid, from which the volume of the nozzle is cut to
reduce the required calculated computer power (Fig. 2).

Fig. 2. Model geometry

Next, the volume is divided into a mesh by the finite
element method and set the initial, physical and boundary
conditions. Physical conditions: fluid — water. Boundary
conditions: velocity at the entrance to the volume; outlet
pressure; all other surfaces are symmetrical, that is, those
that do not affect the movement of the fluid. Initial condi-
tions: fluid volume is fixed at the initial moment of time.

3. Research results and discussion

3.1. Hydrodynamics of a porous layer in a closed volume
in the ANSYS environment. According to the calculation
results, the gradient of pressure distribution in the packing
is obtained (Fig. 3). From the obtained results it can be

seen that the pressure is redistributed almost linearly,
although there are disturbances in the near-wall area of
the nozzle.
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Fig. 3. Gradient pressure distribution

When analyzing the effect of fluid velocity on the
value of hydraulic resistance, a study is conducted for
the following movements of 0.1 m/s; 1 m/s; 2 m/s. So, at
a velocity of 0.1 m/s, the value of the hydraulic resis-
tance of the nozzle layer is 2 Pa, at 1 m/s — 35 Pa, and
at 2 m/s — 105 Pa. The obtained values are almost the
same as those obtained in experimental studies [6]. This
makes it possible to assert that the model constructed
rather adequately assesses the hydrodynamic situation when
a fluid flows through the nozzle and can be used to esti-
mate the hydraulic resistance when scaling processes and
using new packing elements.

3.2. Hydrodynamics of a single nozzle in the ANSYS
environment. During transverse washing of the nozzle, the
value of hydraulic resistance does not actually change and
lies within the limits of 101.3 kPa, while for longitudinal
washing the value of the pressure drop changes signifi-
cantly and ranges from 98.96 kPa to 102.7 kPa (Fig. 4).
This fact suggests that the location of the nozzle elements
in the fluid flow should be predominantly transverse in
nature, which will help reduce the hydraulic resistance
of the nozzle layer.
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Fig. 4. Fields of pressure distribution near the nozzle:
a — for transverse washing of the nozzle; b — for longitudinal
washing of the nozzle

Analyzing the results obtained for the fields and ve-
locity vectors in the nozzle boundary layer, the following
features are established (Fig. 5). When transversal washing
of the nozzle, the magnitude of the velocity vectors is
in the range from 0 to 1.511 m/s, while in the case of
longitudinal washing, the range of values of the velocity
changes more widely and ranges from 0 to 1.968 m/s.

It should also be noted that the size of the contour,
in which the flow rate of the fluid is close to 0 m/s is
several dozen times greater in the case of transverse flow
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of the nozzle, which indicates a high probability of the
occurrence of so-called stagnation zones, in which it is
impossible to create an intense heat and mass transfer
(Fig. 5). This fact suggests that the location of the nozzle
elements in the fluid flow, from the point of view of pre-
venting the occurrence of stagnation zones, should be pre-
dominantly longitudinal in nature, which will increase the
efficiency of heat and mass transfer coefficients [7]. One of
the most important characteristics when using nozzles in
mass-mass apparatus, especially during the cultivation of
surface-dependent cells, are the so-called shear stresses, the
value of which is proportional to the product of the shear
rate of flow by the dynamic viscosity coefficient (Fig. 6).

Velocity Velocity
1.511e+000 l 1.904e+000
H 1.360e+000 1.713e+000
1.209e+000 » 1.523e+000
1.058e+000 1.332e+000
9.068e-001 1.142e+000
7.556e-001 - 9.518e-001
6.045e-001 = ¢ = 7.614e-001
| 4.534e-001 AN 5.711e-001
3.023e-001 ( {\ = 3.807e-001
1.511e-001 ‘ \\» I 1.904e-001
[m%p_q%)ewoo AN S [m% 9_(1)(])e+ooo
a b

Fig. 5. Fields of velocity in the boundary layer of the nozzle fluid:
a — for transverse washing of the nozzle; b — for longitudinal
washing of the nozzle
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Fig. 6. The rate of flow shear in the boundary layer
of the nozzle fluid: a — for the transverse washing of the nozzle;
b — for longitudinal washing of the nozzle

Moving in channels of complex shape, at significant
velocities and low viscosities, the fluid can create high-
gradient zones with significant shear stresses that can da-
mage mammalian cells during cultivation [8, 9]. Therefore,
when designing packed bed mass exchangers (bioreactors),
it is necessary to control the flow shear rate, which accor-
ding to the literature [10] for mammalian cells should not
exceed 10* s7!. Based on this, analysis of the shear stress
pattern shows that for transverse washing of the nozzle,
the magnitude of the flow shear rate ranges from 3.1 to
4.27-10% s7!, while for the longitudinal flow around the
nozzle, this figure ranges from 5.6 to 1.25-10% s~! (Fig. 6).
Considering the minimum volume of zones with values of
flow shear rates of more than 10* s7!, it can be argued
that the flow does not create a particular effect on the
yield of viable cells. However, it should be noted that
a further increase in the flow rate at the inlet is not ra-
tional from the point of view of the growth of the shear
rate of the flow and, accordingly, the hydraulic resistance
created by the nozzle layer [10].

4. Conclusions

The hydrodynamics of a porous layer of nozzles in
a closed volume is simulated and the hydrodynamics of
a separate nozzle is simulated; it is washed by the fluid
flow in the longitudinal and transverse directions. It is
established that the location of the nozzles should be pre-
dominantly longitudinal in nature, in order to increase
the efficiency of heat and mass transfer coefficients. But,
on the other hand, to reduce the hydraulic resistance
of the nozzle layer, the location of the nozzle elements
in the fluid flow should be predominantly transverse in
nature. Therefore, in each particular case, it is necessary
to choose which of the parameters is more substantial and
to optimize the process taking into account the set task.
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