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The effect of swirling air on the flow dynamics was investigated for
the cold non-reacting flows and the flame arising at thermo-chemical
conversion of biomass pellets downstream of a cylindrical channel. Under
experimental and numerical investigation was the swirling flow dynamics
with the primary axial air supply below a biomass layer and swirling air
supply above it. The results indicate that for cold flows the swirling air jet
outflow from tangential nozzles leads to the formation of a complex flow
dynamics which is influenced both by upstream and downstream air swirl
propagation near the channel walls, with correlating swirl-enhanced
formation of the upstream and downstream axial flows close to the flow
centreline depending on the swirling air supply rate. These axial flows can be
completely balanced at their stagnation within the axial recirculation zone. It
is shown that at equal boundary conditions for the swirling flame and the
cold flows the swirling flow dynamics is influenced by the upstream air
swirl-enhanced mixing of the reactants below the air swirl nozzles. This
determines the formation of a downstream reaction zone with correlating
development of the flow velocity, temperature and composition profiles in
the downstream flame regions with improved combustion stability. The low
swirl intensity in these regions prevents the formation of a recirculation zone.

Keywords: swirling flow dynamics, swirl intensity, recirculation
zone, biomass gasification, biomass (wood) pellets, combustion.

1. INTRODUCTION

Research into the swirling flame flows is of vital importance, since the swirl-
induced improvement of flame stability and the swirl-enhanced mixing of the
flame components would lead to cleaner combustion and its better efficiency in jet
engines, gas turbines and combustors [1-5]. Systematic studies of the swirling
flows have shown that the flow structure and stability are highly influenced by the
swirl intensity depending on the swirl number (S) in the inlet flow [1]. Increasing
the swirl number can result in the vortex breakdown with swirl-enhanced axial
flow reversing and improved mixing of the flame components as well as in the
formation of a recirculation zone with flow stagnation at the flow axis [1, 6, 7].
Under non-premixed combustion conditions with axial fuel supply and secondary
swirling air supply the swirl-enhanced recirculation determines the mixing rate of

25


mailto:mzfi@sal.lv

axially injected fuel flow with air swirl leading to the enhanced heating, ignition
and combustion of fuel components [1]. At a high swirl level (S > 0.6) the
formation of the flow structure can be influenced by a columnar flow reversing
with a growth in the flow instability, the formation of a precessing vortex core
(PVC) and development of pressure oscillations in the flame reaction zone. These
oscillations promote the formation of combustion instability and a flame flashback
that develops at the turbulent burning fuel velocity exceeding the local velocity in
the core flow [6, 8, 9]. Hence, whereas the swirl effect is known to be beneficial for
the combustion dynamics, a high swirl level can also lead to some undesirable
effects exciting the structural vibrations followed by damaging the technological
devices and reduced life of combustors [4, 5]. The opposite approach to the flame
stabilization is to use low-swirl burners (S < 0.2) that operate at the swirl intensity
well below the vortex breakdown threshold [10]. Such burners produce a non-
recirculating flow with decreased linear axial flow velocity in the downstream
regions, and, therefore, with clean and complete fuel combustion in boilers and
furnaces owing to low NO, and CO emissions (< 15 ppm).

Research into the swirling dynamics is particularly important as related to
the thermo-chemical conversion of biomass. With the aim to control and improve
the flame stability and combustion efficiency of this process as well as the
composition of its products, a systematic complex experimental study and a
numerical simulation of the swirling flow formation and its dynamics were carried
out. To determine the relevant key factors, experiments were run at the conditions
of cold non-reacting swirling flows, and comparison was made with the
development of swirling flame at thermo-chemical conversion of batch-size
biomass pellets. The swirl level effects on the flow dynamics at equal main
conditions of swirl flow formation were compared and analyzed.

2. EXPERIMENTAL

The experimental setup (Fig. 1) has been designed to provide detailed
studies of the swirling effects on the flow dynamics for cold flow conditions as
well as for thermo-chemical conversion of batch-size biomass samples. The main
component of the setup for the research of the swirling flow structure and the
dynamics of cold non-reacting air flow above the biomass layer is a cylindrical
channel (inside diameter D = 60 mm, total length L = 600 mm) charged with
biomass pellets (total mass 120 g). The channel is composed of diagnostic sections
with special openings (2) for insertion of diagnostic tools into the swirling flow at
different distances above and below the swirling air supply nozzles (3). The
primary air is supplied to the bottom part of channel (1) through the layer of
biomass pellets at the average rate of 20-30 I/min, whereas the secondary swirling
air is injected through the tangential air nozzles (5 mm in diameter) at the average
rate of 30-90 I/min. The air supply rates were controlled and measured using flow
meters. The swirling air nozzles are located at the distance up to L=140 mm (L/D =
2.3) above the base of the empty channel and at L = 90 mm (L/D = 1.5) above the
biomass layer. To estimate the key factors of the swirling flow dynamics and
structure for the cold flow conditions, the measurements of axial (u) and tangential
(w) velocity profiles were done using a Pitot tube that can be locally inserted into
the channel through the openings in diagnostic sections (2). The measurements of

26



the flow velocity profiles were performed for different primary and secondary air
supply rates as well as for different distances above (L/D) and below (-L/D) the
secondary air swirl nozzles (Fig. 1). Swirl number (S) of the inlet air flow was
approximately estimated as the relation between the average values of tangential
(W) and axial (U") velocity components: S = 2/3-W /U . The average velocity was
estimated from the measurements of flow velocity profiles. The formation of the
cold swirling flow dynamics and structure is compared with that for the swirling
flame at thermo-chemical conversion of biomass samples for equal basic variable
parameters — the primary and secondary air supply rates.

Fig. 1. Schematic of the experimental setup for
/ investigation of the swirl flow formation at
cold air flow conditions:

1 - primary axial air supply;

~. 3 .
2 - openings for local measurements of the
~__ flow velocity profiles;
. 47 2 3 - secondary swirling air supply nozzles.

X303

To carry out the experimental study of the swirl effects on the formation of
flow dynamics at thermo-chemical conversion of the batch-size biomass samples,
the cylindrical channel combines a biomass gasifier and a combustor, downstream
of which the combustion of volatiles is developing [11]. The gasifier is charged
with biomass pellets of the total mass of 240g. The propane flame flow is used to
provide an additional heat energy supply into the upper part of a biomass layer at
the average power of 1 kW to initiate gasification and ignition of biomass pellets.
The primary air is fed to support the biomass gasification development at average
air excess a =~ 0.4-0.5, whereas the secondary air at o > 1.5 is fed to support the
combustion of volatiles (CO, H,) produced at biomass gasification.

To estimate the main effects that determine the combustion dynamics and
the formation of the swirling flame structure at different stages of the thermal
biomass decomposition, in our experiments we carried out complex online
measurements of the height of biomass layer in the gasifier, local measurements of
the axial and tangential flame velocity components, measurements of the
temperature in the flame reaction zone, of the composition of products and the
combustion efficiency. The online measurements of the flow velocity profiles with
a Pitot tube or a hot-wire probe were provided using a Testo 453 flow meter. The
swirl effect on the flame temperature, composition of products and combustion
efficiency was measured and analyzed using a Testo-350XL gas analyzer.
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3. RESULTS AND DISCUSSION

3.1. Experimental results on the factors governing the dynamics
of cold non-reacting swirling flow and its structure.

The results of a previous experimental study into the formation of the
swirling flame dynamics [11] allows suggesting that — for the given configuration
of experimental setup — the secondary swirling air promotes formation of upstream
and downstream swirling air flows with the swirl flow reversing from the biomass
layer. To confirm the upstream swirl flow formation below the tangential nozzles,
experiments were run on the influence exerted by cold air swirl effect on the
propane flame. The propane flame was radially injected into the channel (Fig. 1)
through the circular openings of diagnostic sections (2) located at different
distances (-L/D ratios) below the swirling air inlet port. If the secondary air swirl
was not supplied, the formation of a straight propane flame pattern across the
channel was observed (Fig. 2a). At a secondary swirling air supply the shape of the
flow pattern is disturbed, indicating the swirl-induced deflection of the propane
flame flow towards the channel walls and the formation of a swirled propane flame
structure (Fig. 2b-f). The swirl-induced modification of the propane flame flow
pattern below the secondary air inlet nozzle depends on the air supply rate and the
distance of the propane flame flow below the secondary air inlet (-L/D). As seen in
Fig. 2, the effect of secondary air swirl on the formation of a flow pattern is
observed up to the empty channel base located at a distance L = 140 mm below the
air swirl nozzle.

Fig. 2. The effect of upstream swirl flow formation on the
propane flame pattern below the swirling air nozzles for:

a) - L/D = - 0.42; O 2 = O;

b) - L/D = - 0.42; Qair1 = 0; Qair2 = 60 I/min;

C) - L/D =-0.42; Qairr = 0; Qair2= 90 I/min;

d) - L/D = - 0.92; Qair1 = O; Qair = 90 I/min;

e) - L/D = - 2.16; Qairy = O; Qairz = 90 I/min;

f) - L/D = - 2.16; Qairr = 21 I/min; Qair, = 90 I/min.
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To study in detail the effects of upstream and downstream swirl flow
formation on the cold flow dynamics, measurements were carried out for the axial
(u) and tangential (w) cold flow velocity profiles at different distances below
(above) the secondary air swirl nozzles, and at different distances above the
biomass layer. The experiments were carried out at a constant primary air supply
rate (30 I/min) by varying the secondary air supply rate in the range 30-90 I/min
thus causing variations in swirl number (S) of the cold non-reacting inlet flow (L/D
~ 0.3) in the range from S~1.2 to S=2. Typical cold airflow velocity profiles formed
at different distances below and above the secondary swirling air nozzle and
different secondary air supply rates are shown in Fig. 3a-f.

As can be seen in Fig. 3, the axial and tangential flow components exhibit
different behaviour above and below the secondary air nozzle. Close above and
below the air swirl nozzle (L/D =+ 0.3) the tangential flow velocity forms a peak
at /R =~ 0.9 (close to the channel walls) and gradually decays towards the flow axis
(Fig. 3b,d,f). At increasing distance below and above the air swirl nozzles the radial
swirl flow expands towards the flow centreline with a correlating decrease in the
peak and average values of the tangential flow velocity (Fig. 3b,d.f, Fig. 4a). As
follows from Fig. 2, a similar swirl flow expansion is observed in the experiments
modelling the upstream swirl effects on the propane flame flow.

From the development of swirl flow velocity profiles it can be clearly seen
that the upstream swirl propagation is associated with variation in the shape of
axial velocity profiles (Fig. 3a,c,e). Below the air swirl nozzle the upstream swirl
flow formation slows down the axial flow velocity close to the channel walls (to
the minimum, Fig. 3a,c,e) at the radial distance r/R = 0.85-0.9, where the tangential
velocity of the upstream flow approaches the peak value (Fig. 3b,d,f). In contrast,
formation of the peak value of the axial flow velocity below the air swirl nozzles is
observed close to the flow axis — at /R = 0 (Fig. 3a,c,e), where the peak and
average values of the tangential velocity of the upstream flow decrease to the
minimum value (Fig. 3b,d.f, Fig. 4a,b).

Estimation of the upstream air swirl effect on the formation of axial flow
velocity profiles below the air swirl nozzles has shown that the average axial flow
velocity approaches the peak value close to the biomass layer (L/D = -1.4-1.5)
where the tangential flow velocity falls to the minimum (Fig. 4a,b). This
correlation allows for suggestion about the upstream swirl flow disruption and
swirl air reversing from the biomass layer with enhanced formation of the axial
downstream flow close to its centreline (r/R = 0). This process gradually decays to
the minimum in the flame downstream regions - at L/D =~ 0.3 (Fig. 3a,c,e), with
correlating decrease in the average values of axial flow (Fig. 4c). The effect is
more pronounced when the secondary air supply rate is increased from 34 I/min to
90 I/min, with correlating increase in air swirl number S from 1.2 to 2. This means
that close to the flow axis there occurs a stagnation of the axial flow, with its
reversing and formation of a central recirculation zone. Such zone forms at a high
swirl level, which is confirmed by the numerical simulation of the non-reacting
swirl flow dynamics.
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Fig. 3. The effect of swirling air supply on the formation of cold swirling air
velocity profiles at different distances above and below the supply nozzles at
a constant primary air supply rate (30 I/min) and different secondary air supply rates.
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3.2. Numerical modelling of the non-reacting swirl flow dynamics.

Development of the non-reacting swirling flow dynamics is described using
the Navier-Stokes momentum and energy equations in standard form:

p(V)U = V(uV0) +F, 1)
where p is the flow density;

w is its kinematic viscosity;

u is the velocity vector,

F is the external body force,
and

£C,y % +pCoIVT =V(KVT)+Q, @)

where C,is the specific heat capacity,
k is the heat conductivity,
Q — the heat sources.

The numerical analysis of asymmetric non-reacting swirling flow dynamics
(Q = 0) was carried out using a 2D description with account for the convective heat
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transfer to the channel walls, assuming their temperature to be constant and the
primary axial air flow velocity to be 0.6 m/s. The rate of secondary swirling air
supply was varied in the range 20-90 I/min, whereas the L/D ratio below and above
the swirling air inlet nozzle — from -1.5 up to 7.

In accordance with the results of experiments on the cold swirling flow
dynamics (Figs. 3 and 4) the numerical simulation also confirms the upstream swirl
flow formation below the swirling air supply nozzle (L/D < 0) with a swirl-induced
increase in the upstream tangential flow velocity (up to the peak value) in
proximity of the channel walls (r/R ~ 0.9, Fig. 5b) and a correlating decrease in the
minimum value of the axial flow velocity (Fig. 5a). Moreover, the results of
numerical simulations confirm that the formation of upstream swirl motion
promotes increase in the average and peak values of axial velocity close to the flow
axis (r/R = 0, Fig. 5a), where the tangential velocity slows down to the minimum
(Fig. 5b).
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By analogy with the results of experiments on the cold non-reacting swirling
flow dynamics, the average and peak values of the axial flow velocity below the
secondary air nozzle strongly depend on the secondary air supply rate responsible
for the swirl-enhanced formation of the upstream swirl motion, with correlating
increase in the peak values of the reverse tangential flow velocity close to the
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channel walls, i.e. at r/R = 0.9 (Fig. 6a-d). As can be seen from Figs 5a,b, the swirl
flow reversing below the air swirl nozzle slows down the axial flow velocity along
the outside portion of the axial flow at r/R = 0.9, whereas enhances the axial
downstream flow formation with the peak value in proximity of the flame axis at
/R = 0-0.2.

The opposite situation is observed above the air swirl nozzles — in the L/D
range 1.5-4, where the swirl-induced axial flow reversing leads to formation of the
axial recirculation zone with negative values of the axial flow (Figs. 5b and 6c¢,d).
The axial flow stagnation is observed at L/D ~ 4-5, where the swirl-induced axial
downstream flow is completely balanced by the swirl-induced upstream flow. As
follows from Fig. 6¢,d, the axial flow reversing depends on the secondary air
supply rate, which determines the intensity of secondary air swirling. The swirl-
enhanced recirculation with axial flow reversing is observed for the conditions
when the secondary air supply rate exceeds 35 I/min, i.e. the swirl number of the
flow close to the nozzle outlet exceeds unity (S > 1).
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Fig. 6. The effect of secondary air supply on the formation of velocity profiles below
(L/D =-0.5) and above (L/D = 2) the swirling air nozzle.
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3.3. Experimental study of the swirl flame dynamics.

By analogy with the formation of cold non-reacting swirling flow structure,
in the first stage the formation of swirling flame velocity field and flow structure
below the swirling air nozzles is influenced by the upstream air swirl propagation
near the channel walls with the peak value at r/R ~ 0.9, promoting there a decrease
in the axial flow velocity; this is also influenced by enhanced convective transport
of the flame species downstream of the flame axis, with the peak value of the axial
flow velocity reached at /R =~ 0-0.2 (Fig. 7a,b). In addition, the measurements of
tangential velocity profiles indicate the formation of a secondary annular air swirl
(r/R = 0.2-0.5) which is generated at the reflection of upstream air swirl from the
surface of biomass pellets. Consequently, the propagation of the upstream swirl
flow near the channel walls leads to the formation of a very complicated structure
of the flow field below the secondary air nozzles. This promotes the intensive
mixing of the axial flow of volatiles (CO, H,, produced at biomass gasification)
and the formation of a primary reaction zone near the flow axis (Fig. 7a). The
formation of primary reactions below the swirling air nozzles is confirmed by
measurements of the flow temperature: its peak value (T = 1300-1400 K) was
reached above the wood pellet surface (close to it, L/D = 0.1) at the average flow
temperature below the air nozzles T = 950-1000 K.

As follows from Fig. 7a,b, the primary stage of swirling flow formation
below the swirling air nozzles with upstream swirl-induced mixing of the reactants
is distinguished by the flow field instability with local turbulent fluctuations of the
velocity components. Factors responsible for the observed velocity fluctuations are
as follows.

First, the propagation of upstream cold air swirl towards the biomass surface
can cause local quenching of wood pellets. This, in turn, can lead to instability of
thermal decomposition of biomass pellets responsible for the formation of main
combustible volatiles — CO and H, — with feedback of heat release fluctuations at
their ignition and combustion in the form of generation of local turbulent velocity
fluctuations. Besides, the surface roughness of biomass layer can contribute to the
formation of turbulent fluctuations since near the surface of biomass pellets local
vortices arise that can cause instability of the upstream air swirl mixing with axial
flow of volatiles and correlating chemical kinetics fluctuations in the reacting
mixture and flow velocity components.

The next stage of the swirling flame velocity field evolution close above the
air swirl nozzles (L/D = 0.3) shows the formation of large velocity gradients
towards the flow axis (Fig. 7c,d). At this stage the flow field formation is
influenced by two main factors: the formation of downstream swirl flow dynamics
and the processes of chemical conversion of the flame components. Near the
channel walls (at r/R > 0.5) the dominating effect is that of air jet outflow dynamics
on the formation of velocity field. It is this effect that is mainly responsible for the
formation of the peak values of axial and tangential velocities near the channel
walls (at r/R =~ 0.8-0.9) indicating a linear dependence of the peak and average
values of velocity components on the secondary air supply rate at the outlet of air
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swirl nozzles. Near the flame axis (r/R < 0.5) the formation of the flame velocity
field is determined by the formation of a primary reaction zone that is developing
at combustion of volatiles (CO, H,) and is initiated below the swirling air nozzles
at upstream swirl-enhanced mixing of air with axial flow of volatiles and upstream
swirl-induced axial convective downstream transport of the reactants.
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Fig. 7. The swirling flame velocity profiles below and above
the swirling air nozzle at different secondary air supply rates.
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Stabilization of the swirling flame dynamics is observed further downstream
(L/D > 1), where a pronounced separation of the effects occurs as related to the
formation of axial downstream reaction zone and of downstream air swirl flow near
the channel walls (Fig. 7e,f). At this stage of swirling flame formation the
dominating effect is that of chemical conversion of volatiles on the velocity field
formation with downstream air swirl-enhanced mixing of the axial volatile flow
and the air directed along the outside part of the flame reaction zone. This leads to
the radial expansion of the mentioned zone in the flame downstream regions up to
/R = 0.8, with correlating expansion of the axial velocity profiles, whereas
gradually decreases the peak values of the air swirl intensity near the channel walls
(Fig. 7e,f).

Analysis of the formation of swirling flame dynamics (Fig.7a-f) clearly
shows that — in contrast to the non-reacting flows (Fig. 3a-f) indicating a fast
decrease in the axial flow velocity in the downstream flow regions (Fig. 4c) — the
development of a downstream reaction zone is associated with increased peak and
average values of the axial velocity close to the swirling air nozzles (below and
above, see Fig. 8a,b) with correlating decrease in the peak and average values of
the tangential velocity and respective decrease in the swirl intensity. The estimation
of the air swirl number confirms this for equal main variable parameters — the
primary and secondary air supply rates. The velocity field formation of swirling
flame is developing at higher peak and average values of the axial velocity in the
reaction zone, reduced swirl intensity and reduced flow swirl number (S < 0.5) in
comparison with cold non-reacting swirling flows. As a result, the development of
swirling flame reaction zone prevents the formation of a recirculation zone, with
axial flow stagnation near the flame base as observed for the cold flows and ob-
tained from the results of numerical simulations of non-reacting flows (Fig. 6¢,d).
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Fig. 8. The variations of the average axial (a) and tangential (b) swirl flame velocity
components upstream and downstream of the air swirl nozzles at varying swirling air supply.

As shown above, formation of the velocity profiles of swirling flame is
closely linked to the formation of a downstream axial reaction zone. Such inference
follows from the results of measuring the flame temperature and composition
profiles in the flame reaction zone indicating formation of the peak temperature
values by combustion of volatiles (CO, H,), the volume fraction of the main

36



product (CO,), and the combustion efficiency close to the flame axis where the air

excess decreases to the minimum (Fig. 9a-d).
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Fig. 9. Effect of the secondary swirling air supply on the flame temperature (a),
volume CO, fraction (b), combustion efficiency (c), and air excess (d) in the flame reaction zone.

It should be noticed that the average value of the CO volume fraction in the
flame reaction zone at the stage of chemical conversion is relatively high and
approaches 1000 ppm, indicating incomplete combustion of CO up to L/D = 2.5.
Two main factors limiting the development of chemical CO conversion are: the
low average rate of thermal biomass decomposition (dm/dt = 0.12-0.15 g/s), which
reduces the rate of CO formation; and, second, the low rate of O,+CO = O+CO,
reaction at the average temperature of 900-1000 K in the reaction zone, which
slows down the rate of the main product (CO,;) formation with long-lasting
reduction of the CO volume fraction in the downstream regions of the flame
reaction zone (confirmed by the results of numerical simulation, see Fig. 10).
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Fig. 10. Time-dependent variations in the CO, and CO volume fractions at chemical CO conversion.
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Moreover, development of chemical conversion of volatiles downstream the
reaction zone is affected by excessive air supplied to the flame. As follows from
Fig. 9, increasing the secondary air supply rate results in a correlating increase of
the air excess in the flame reaction zone, with decrease in the flame temperature,
the volume fraction of the main product (CO,) and the combustion efficiency. This,
in turn, means a linear decrease (from 7.8 MJ/kg to 7 MJ/kg) in the heat energy
production at thermo-chemical conversion of biomass pellets. In contrast to the
effect of secondary air supply rates on the temperature and composition profiles,
here raising these rates causes a slight increase in the peak values of the axial
velocity components (from 1.35m/s up to 1.7 m/s, Fig. 7e,f) in the flame reaction
zone, indicating that the formation of the flame velocity field is influenced by
upstream swirl-enhanced axial downstream flow formation (observed for the cold
non-reacting flows, Figs. 3 and 4). The effect of upstream air swirl reversing on the
swirling flame formation is confirmed by measurements of the flame temperature
and composition profiles. The shape of these profiles indicate the formation of
minor peaks at r/R = 0.2-0.5 that correlate with the formation of secondary air swirl
below the air nozzles (Fig. 7b) and are generated at the upstream air swirl
reflection from the wood pellets layer promoting enhanced mixing and chemical
conversion of the volatiles. Moreover, the rapid increase in the air excess close to
the channel walls evidences the incomplete mixing of swirling air flow with axial
flow of volatiles at L/D = 2.5, which is confirmed by measurements of the flame
velocity profiles indicating the formation of air swirl flow near the channel walls
up to L/D=2.5.

4. CONCLUSIONS

Conclusions that can be drawn from the results of experimental and
numerical studies of non-reacting and reacting swirling flow formation along a
cylindrical channel are as follows.

At the swirling air supply from the tangential nozzles the downstream and
upstream swirl flow formation is detected, which directly affects the flow dynamics
and combustion characteristics.

Development of the flow dynamics for the conditions of non-reacting flows
is strongly influenced by the upstream swirl flow propagation near the channel
walls promoting a correlating increase in the downstream flow velocity near the
flow axis, with fast axial velocity decrease in the downstream flow regions. The
reverse effect is observed at propagation of the downstream swirl flow near the
channel walls, which promotes the formation of an axial recirculation zone with the
reverse axial upstream flow formation that can completely balance the downstream
axial flow.

By analogy with cold non-reacting flows, the development of the swirling
flame dynamics is influenced by the upstream swirl-enhanced mixing of the main
reactants in the space below the swirling air nozzle as well as by the development
of a downstream axial reaction zone with an increase in the axial downstream flow
velocity and a correlating decrease in the swirl intensity of the flame in comparison
with cold non-reacting flows. Transition to the flow of lower swirl intensity
prevents the formation of the recirculation zone at the flame base.
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VIRPULPLUSMU DINAMIKAS VEIDOSANAS
EKSPERIMENTALIE UN SKAITLISKIE PETIJUMI

M. Abricka, 1. Barmina, R. Valdmanis, M. Zake
Kopsavilkums

Ir veikti kompleksi aukstu nereaggjosu un liesmas virpulplismu dinamikas
veidosanas eksperimentalie p&tijumi, izvertéjot galvenos faktorus, kas ietekmé So
plusmu dinamikas veidosanos cilindriska kanala virs granuléta biomasas slana pie
aksialas primara gaisa padeves zem granulu slana un gaisa virpulpliismas padeves
virs ta. Auksto virpulplismu pétfjumi apliecina, ka plismas dinamiku butiski
ietekmé divu savstarpgji konkur&joSu un pretgji verstu virpulplismu veidoSanas pie
tangencialas gaisa padeves sprauslas izejas. Lejupversta virpulpliisma, kas veidojas
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pie kanala sienam, ierosina no granulu slana atstarotas augSupvéerstas aksialas
plusmas veidosanos, palielinot plismas aksialo atrumu, savukart augSupversta
tangenciala plusma veido pret&ji verstu aksialo pliismu, veidojot recirkulacijas
zonu ar izteiktu aksialas plismas stagnaciju tas centralaja dala. Pie vienadiem
primara un sekundara gaisa padeves nosacljumiem atSkiriga pliismas dinamikas
veidosanas ir konstatéta liesmas virpulpliismai, kuras veidosanos biitiski ietekme
granulétas biomasas gazifikacija ar sekojosu gaistoSo savienojumu uzliesmosanu
un degSanas procesa veidoSanos liesmas centralaja dala. Reversas virpulpliismas
veidoSanas intensificé gaisto$o savienojumu sajaukSanos ar gaisa virpulplismu, un
stabila degSanas procesa veidoSanos pliismas centralaja dala ar korel&joSu aksiala
plismas atruma palielinaSanos salidzinot ar nereaggjoso auksta gaisa plismu, pie
vienadiem So plismu veidoSanas sakuma nosacijumiem samazinot liesmas
virpulskaitli un ierobezojot recirkulacijas zonas veidoSanos degSanas zonas
pamatneé.
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