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RATIONAL ENERGY USE UNDER THE PROCESS OF GRANULATED
PHOSPHATE FERTILIZER COOLING
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This paper investigates the multistage countercurrent shelf coolers for granular phosphate fertilizers in
order to increase product quality and reduce energy consumption. In theory, identifying the most economic
mode heat and mass transfer at different ratios of costs of interacting flows. Introduction shelf devices fluid-
ized bed increases the contact time of the cooling agent to stabilize the interaction of the gas flow with dis-
persed patrticles of the product and to solve the problem of energy conservation.
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INTRODUCTION

Many researchers have done a lot of contribu-
tion concerning the heat-exchange equipment ap-
plied to the dispersed materials. The first part of this
work deals with the review of different inventions
and technical publications. This allows us to create
the most reasonable prospective model of fluidized
bed cooler involving some important results of the
previous investigations.

In many industrial processes, there is a need of
bringing granular solids into the contact with cooling
medium. One way to do it is to apply a fluid bed. In
this process, an upward directed gas stream causes
a bed of granular solids to be fluidized. Fluid beds
offer advantages in performing processes such as
heating, drying, roasting, or cooling [1-5].

The mode of operation with positive conveying
action is the good technological solution. The mate-
rial is directed through the rectangular inlet into the
process zone. The cooling air is fed through the in-
dividual pipe across the entire process area thanks
to a special screen bottom. The cooling air flow fluid-
izes the material. A special conveying chain with
flights forming a chamber system conveys the mate-
rial within a closely controlled resident time through
the process zone to the outlet. This positive convey-
ing action at a continuously variable speed allows
accurate control of the resident time [3-5].

The advanced ability of the fluid-bed heat ex-
changer is based on the specific characteristics of
the granulated material to be processed. In many
applications, these are known only to a limited ex-
tent. A comprehensive material test giving consider-
ation to physical and chemical aspects is therefore
necessary. The chemical laboratory conducts such
tests and verifies the results

Heat-exchange equipment with fluidized bed
devices is known to play a very important role in fer-
tilizers industry. Two processes are used to produce
phosphate fertilizers: run-of-pile and granular. The
granular process uses lower-strength phosphoric
acid (40%, compared to 50% for run-of-pile). The
reaction mixture, a slurry, is sprayed onto recycled
fertilizer fines in a granulator. Granules grow and are
then discharged to the screens, crushers, cooler and
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are sent to storage. Thus, the multistage fluidized
bed can be used for granular solids cooling. But the
solid particles do not reach the thermal equilibrium
due to relatively short residence time in cooler.

So, first of all a rational perforated plate con-
struction and optimal regime is needed to establish.
Second, we have to propose some method for ener-
gy saving.

TECHNOLOGICAL
ANALYSIS

The improvement of the heat-exchange effi-
ciency of cooling equipment can be regarded as one
of the most significant tasks of this investigation.
One of the ways to solve this problem is the design
and practical application of new high-performance
fluidized bed coolers that is based on effective inter-
actions between granules and air stream. The fluid-
ized-bed devices with perforated plates are mainly
used for intensive treatment of granulated materials
as well as classification under required dispersion
factors. Their efficiency was proved on the basis of
the results of modern technology analysis and ex-
perimental investigation with new approach. In the
proposed apparatus a fluidized bed has an perforat-
ed plate which is inclined to the horizontal so that
excessively sized or dense particles migrate to a
collection point from which they may be removed,
such as by a gate in the side of the bed.

The course and behavior of particles that
formed a dense and stable fluidized bed are dis-
cussed. Both the experimental and simulation re-
sults of this study show that the process of forming a
suspension bed can be categorized into an induced
stage, a growing stage, and a stable stage. The ve-
locity of air through the orifice directly controls the
formation of the bed while the solid flow rate over a
considerable range maintains a balanced hold-up in
the suspension bed system without downcomers.

The existence of a multiplicity of steady states
corresponding to different gas flow rates, for the
same feed rate and perforated plate type and slope,
was observed. Results show that the design of the
plate, the particle feed rate and the gas velocity dis-
tribution through the holes affect the stability of the
fluidized bed. The simulated results agree qualita-
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tively well with experimental observations.

The research of the combined cooling-
classification systems and the development of col-
umn apparatus with the perforated inclined plates
represented by new coolers is the urgent matter of
R&D on this scope. But there are several shortcom-
ings of the granulation process typical design. With
the theoretical models developed and tested in this
work the different aerodynamic parameters and
technical economic factors can be taken into ac-
count. Even in the case of single-phase turbulent
flows, which have been extensively studied over the
last century, the theory has remained at the level of
semi-empirical generalizations. The same can be
said of two-phase flows, which are physically more

complex. Hence the importance of any regularities
or laws discovered by experimentation for the future
development of a theory of fluidized bed appearance
and patrticles classification is indisputable.

The first part of the investigation deals with the
problem of supporting granules into fluidized bed by
the minimum air rate. When there is an excess flow
of air, it is reasonable to take into consideration its
usage and regime optimization. One of the most
workable decisions is to use the special devices
(perforated plates) to support fluidized bed and in-
crease the average resident time.

Technological characteristics of particles tem-
perature under different resident time and air flow
velocity are given below (Table 1).

Table 1 - Temperature of the phosphate granules under different resident time t

Particles temperature, C under different flow velocity, m/s

t, n [l n _ [l n n [l _

sec LOS | wiar | wige | 222 TR205 1 wgo4 | ogaz | T382 145 461 nso
m/s m/s c m/s m/s m/s m/s

1 69,56 64,98 58,49 56,62 54,38 51,34 50,24 48,91 46,15 44,8 43,68
19 61,88 56,35 49,63 47,2 45,13 41,63 40,29 38,86 36,41 35,12 34,06
2,8 55,4 49,38 42,8 40,21 38,67 34,92 33,61 32,3 30,3 29,22 28,35
3,7 49,91 43,75 37,55 35,01 34,3 30,3 29,13 28,03 26,47 25,63 24,96
4,6 45,28 39,19 33,51 31,15 30,38 27,11 26,13 25,24 24,06 23,43 22,95
55 41,36 35,51 30,4 28,28 27,54 24,9 24,11 23,41 22,55 22,09 21,75
6,4 38,06 32,54 28 26,15 25,47 23,38 22,76 22,23 21,6 21,28 21,04
7,3 35,26 30,13 26,16 24,57 23,97 22,33 21,85 21,45 21 20,78 20,62
8,2 32,9 28,19 24,74 23,39 22,88 21,61 21,24 20,95 20,63 20,43 20,37
9,1 30,9 26,62 23,65 22,52 22,09 21,11 20,83 20,62 20,4 20,29 20,22
10 29,21 25,35 22,81 21,87 21,52 20,77 20,56 20,4 20,25 20,18 20,13
10,9 27,78 24,32 22,16 21,39 21,1 20,53 20,38 20,26 20,16 20,11 20,08

We can see with increasing resident time that a
temperature tend to decline but the air velocity con-
tribution is also noticeable. Unfortunately, on the ba-
sis of these experimental results the type of fluidized
bed cooler cannot be clearly defined. Moreover, de-
manded regime parameters according heat-
exchange theory do not describe satisfactory the
constructive features for the saving energy solution.
A possible way of approaching suitable aerodynamic
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factors is the application of the combined technical
economic criterion.

On the other illustration, experimental series of
kinetic curves was presented to indicate the detailed
factors of aerodynamic regime influence on the heat-
exchange efficiency. Figure 1 shows the jumping
growth of heat-transfer Nusselt number for bed fluid-
ized regime.
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Figure 1- Influence of the aerodynamic regime on the heat-exchange efficiency

A- correlation for motionless granules with different porosity;b- correlation for fluidized bed system;

B- jumping growth of heat-transfer Nusselt number for bed fluidized regime.
1- glass granules 0,132 mm; 2- 0,444 mm; 3- 1,1 mm; 4 — aluminium granules 0,09 Mm.

There seemed to be no significant difference
between the Nusselt number growth for type of
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granulated materials, but the bed fluidized regime
appearance is extremely important factor.
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EXPERIMENTAL SECTION

When an air stream is passed through a per-
meable support (perforated plate) on which the free
flowing material rests, the bed starts to expand when
a certain velocity is reached. The superficial velocity
of the air at the onset of fluidization is the minimum
fluidization velocity. With a further increase in air
velocity, bed reaches a stage where the pressure-
drop across fluid bed drops rapidly and the product
is carried away by the air. The velocity at this stage
is known as terminal velocity and an important pa-
rameter in fluidization operations. The operational
velocity must remain between these two velocities.

All fluidization regime experiments were con-
ducted in a bath type flexi-glass fluidizing column

U-tube

N

pitot tube

[ T S

50?100 mm section and 750mm height (figure 2)
.The cooling air was taken from a ventilator system
and directed to the fluidizing column by flexible
ducts. Air entered the material bed through a perfo-
rated plate with circular holes of 1 mm diameter (18
holes/cm2). Wall effects, slugging and channeling
behaviour can be of concern in small- scale experi-
ments. They have been given sufficient considera-
tion during planning of experimentation. In this study
initial ratio of bed diameter to effective particle diam-
eter was 18. It was mentioned that if this ratio is
greater than 16 there is no effect from the walls.
Therefore, wall effect was considered insignificant in
the working range.

drying chamber

material

1l __ porous piate
- air distributor plate

from heat pump

Figure 2 - Schematic of the fluidization setup

Real process exhibits a wide range of random
factors, the most important of which are turbulent
eddies of different scales, non-uniformity of the con-
centration fields and agglomeration of particles with-
in the flow. These phenomena are easily observed
with high-speed cinematography or photography
under stroboscopic lighting. Airflow entering the flu-
idization column was varied by means of varying the
incoming rate with the manual valves in the system.
Differential pressure of incoming air was read from a
digital manometer connected to a flow sensor of the
Pitot tube through transparent vinyl tubes.

Flow rates entering the fluidizing column were
calculated and average air velocity of air passing
through the material was determined. Resolution of
air velocity measurement was 0.05m/s, minimum
fluidization velocity was 1.2 m/s, terminal velocity
was 3.8 m/s. Pressure drop across the bed was
measured by a U-tube manometer connected to the
fluidizing column below the air perforated plate, and
above the bed of samples. Bed height was meas-
ured from a scale attached to the column. The
change of bed pressure drop was measured while
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increasing the velocity through the bed for each
height. In order to determine the optimum bed height
for improved fluidization bed heights of 100, 80, 60
and 40 mm were used. Measurements of pressure
drop for each bed height took less than 3 min. Our
experiments have been conducted in a variety of
instruments differing in porosity and air flow velocity.
These curves present to be quite different depend-
ing on whether we were looking at the turbulent
zone of two-phase mono-dispersion flows or the
zone of non-regular fluidized bed regimes.

The experimental flexi-glass fluidizing column
was completed by special vertical cooling device of
50-100 mm section with the perforated plates (fig.3).

Hot granular product of 90-120?C was fed into
dosing section gateway at the top of column. The
dispersion granules moved through the column from
the upper perforated plates to low one. The fine frac-
tion of product transported by raising air flow was
captured with the cyclone and stored in the receiver
box. During the experiment all representative sam-
ples were removed from the box for dispersion anal-
ysis.
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Figure 3 - Experimental cooling column with perforated plates

The existence of a multiplicity of steady states | plate, the particle feed rate and the air velocity dis-
corresponding to different air flow rates, for the | tribution through the holes affect the stability of the
same feed rate and perforated plate type and slope, | fluidized bed. The simulated results agree qualita-
was observed. Results show that the design of the | tively well with experimental observations.
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Figure 4 - Influence of air velocity on porosity

In figure 4, which shows the porosity at the dif- | exceed the minimum fluidized velocity. It can be
ferent air velocity we can observe a general trend to | seen that the character of fluidized bed expansion
expand the fluidized bed from initial porosity of mo- | depends on the product species and granularity.

tionless product MATHEMATICAL MODEL FOR ENERGY
€ = 0,45 to maximum. At the first stage, the | RATE OPTIMIZATION
porosity was stable until the air flow velocity did not The fluidized bed volume on the perforated
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plates is expressed:
V=LBH, (D)
where L, B, H — accordingly length, width and
height of fluidized bed.
Average resident time of granules in fluidized
bed can be represented by:

,_ PLBH(1-¢)

(r , 2
where G — product rate, t/h, p — granule density,
€ — porosity.
Economic function of intensification expenses
may be proposed with a two-component expression:

F=(aV +5)/8 @

where ¢ - energy resource (air) cost;
V - air consumption for fluidization;

b -production component without air cost;
0 - process productivity.

025
0=(P) @
Air flow specific power is defined as:
P=Vap (5)

where V —rate, Ap — aerodynamic resistance
of fluidized bed or
P =wLBeAp (6)
After the assessment the target economic func-
tion results in:

F=aV™ 4 pyo® )
which can be transformed to:
f!‘- r % g
{_. =0,75aF "® —025pF *
d¥

)
The usual optimization procedure under condi-
tion dF/dV =0 or dF/dw = O gives the relation:

h
=3 ©
or more detalized:

W ;-

" 3alBe (10)
This result clearly demonstrates that increasing

air velocity or/and its production cost for fluidized

bed process intensification as well as porosity be-
comes too expensive as some economic limit has
been reached. Consequently, it will be reasonable to
apply the combined construction with perforated
supporting plates for improving economic technolog-
ical parameters according to condition

b

."I'.I: =
JalBe
SUMMARY

The solid particles do not reach the thermal
equilibrium due to relatively short residence time in
cooler. The investigation was devoted to the prob-
lem of supporting granules in fluidized bed by the
minimum air rate. One of the most workable deci-
sions is to use the special devices (perforated
plates) to support fluidized bed and increase the av-
erage resident time.

There is a multiplicity of steady states cor-
responding to different air flow rates for the same
feed rate and perforated plate type and slope. The
results show that the design of the plate, the particle
feed rate and the air velocity distribution through the
holes affect the stability of the fluidized bed. The
simulated results agree qualitatively well with exper-
imental observations.

The necessary regime parameters accord-
ing to heat-exchange theory do not describe in a
satisfactory way the constructive features for the
saving energy solution. The investigations clearly
demonstrate that increasing air velocity or/and its
production cost for fluidized bed process intensifica-
tion as well as porosity becomes too expansive as
some economic limit has been reached. Conse-
quently, it will be reasonable to apply the combined
construction with perforated supporting plates for
improving economic technological parameters ac-
cording to the definite conditions.

The considerations concerning the realiza-
tion of simple, inexpensive, but nevertheless effec-
tive equipment with combined fluidized bed and per-
forated plates system is the perspective research
and a developed way.
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Apmioxoea H.O. PALIOHAJIbHE BUKOPUCTAHHS EHEPIII B MPOLECAX OXOJIOOQXEHHS
TPAHYJIbOBAHUX ®OCPATHUX JOBPUB

B cmammi docnidxyrombcsi bazamocmyneHesi npomumiyHi nosu4Hi 0xXonodxyseaydi 2paHyribo8aHuX
gochamHux 0obpus 3 Memoro Nid8UWEHHS SKoCcmi MPOoGyKMy ma 3HUXEHHS eHepeogumpam. TeopemuyHO
8uU3Ha4yeHO HaUbirbw eKOHOMIYHI pexxumu mennomacoobMiHy fpu PisHIX Crie8iOHOWEHHSIX saumpam e3ae-
MOOQioHUX MOMOKI8. BripogadxxeHHsI NonuUYHUX arnapamie 3 KUnasg4yum wapom 003e0s15i€ 36ifbwumu Jyac Ko-
HmMakmy 3 0Xos100XKyr4um azeHmom, cmabinisysamu 83aemo0ito 2a308020 MOMOKY 3 OUCnepCcHUMU Yacmu-
HKamu rnpolykmy i eupiwuumu numMaHHs1 eHep2036epexeHHS.

Knrouosi cnoea: 0obpusa, bazamocmyrneHesuli 0xor00xyeayd, MacoobMmiH, OUCMEepPCHi YacmUuHKU,
eHepeo3bepexxeHHs, mernnoobmiHHe 0bradHaHHS.

Apmiwxoea HA. PALUUNOHAJIbHOE UCIOJIb3BOBAHUE J3HEPIrMN B [IPOLECCAX
OXJTAXXQEHNS TPAHYJINPOBAHHbIX ®OCOATHbIX YOQOBEPEHUNA

B cmamebe uccriedyromes MHo20cmyrneHYamble pomueomoYHbIe MofoYHble oxmnadumernu apaHynupo-
8aHHbIX hocchamHbix yOobpeHUl C Uesbio ro8bilWeHUs: Kadecmaa rnpodykma U CHUXeHUsI 3Hepaosampam.
Teopemuuecku ornpedenieHbl Haubosiee 3KOHOMUYHbIE PEeXUMbl mernsomaccoobMeHa rnpu pasruyHblxX Co-
OMHOWeHUsIX pacxo0os e3aumodelicmsyrowux Momokos. BHeOpeHue MnosroyHbIX annapamos ¢ Kunsuwum
Cr10eM 110380715em yeesiuqumb 8peMsi KoHmakma ¢ oxsiaxoarwum azeHmom, cmabunusupogams 83aumMo-
Oelicmeue 2a308020 MomokKa ¢ ducrepcHbIMU Yacmuuamu rnpodykma u pewums 80rpock! 3Hepaocbepexe-

HUA.

Knroueenbie cnoea: y0obpeHusi, MHO20ypO8He8bIl oxiiadumerib, MaccoobMeH, OucriepcHble Yacmuubl,

3HepaocbepexeHue, mernnoobmeHHoe obopydosaHue.

CratTa noctynuna B pegakuito: 14.09.2013p.
PeLeH3eHT: A.7.H., npodecop Akyba O.P.
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OOCNIHKEHHA KOHCTPYKLIW TA POBOYNX OPIAHIB 3ACOEIB
AnA YWinbHEHHA POCITMHHUX MATEPIANIB

C. N. Cokonik, acucteHTt, CyMCbKMI HaLUioHamnbHWIA arpapHuin yHiBepcuTeT

B pobomi nposedeHo 025150 ma aHariz 0ocnioxeHb KOHCmMpyKuiti 3acobie 051s yw,ifibHeHHST POCIUHHUX
mamepianie. BusHa4eHo nepegasu ma HedOsliKU OCHOBHUX murig poboyux opaaHie rpecyryvux npucmpois.
BusHaueHo Halbinbw nepcrnekmueHuli 3acib 0551 8U20mMo8s1eHHs nanueHuUx bpukemis.

Knroyoei cnoea: nipecu, epaHynu, nanueHi 6pukemu.

MocTtaHoBka 3apayi. CydyacHa eHepreTuka 6a-
3yETbCA Ha BWKOPWUCTaHHI He MOHOBMIOBAHOMO BU-
KOMHOro nanvea — Byrinni, HadTi i rasi, a Takox
AOepHin eHeprii Ta rigpoeHeprii, Wo Bege A0 Npo-
rpecytoyoi gerpagauii oTo4vyl4Ooro cepegosuiua.
ToMy B OCTaHHi Yac 3pic iHTepec 00 MOHOBIOBa-
HUX Okepen eHeprii, 3o0kpema eHeprii 6iomacu. Ba-
000 BUKOPUCTAHHA POCIIMHHMX MaTepianis sk nanu-
Ba € X HMU3bKa eHepreTnyHa LWinbHICTb. TOMYy BMKO-
puctoByBaTu Bigxoau BupobHuutBa AlK B SAKOCTI
nanvea 6e3 cneuianbHoOT NiArOTOBKN He e(heKTUBHO.
[nsa cnanoBaHHA POCMAMHHUX MaTtepianiB KOHTPO-
MNEMUM CNOCOBOM OAHMM 3 HaWbINbLL NepcrneKkTuB-
HMX HanpsiMKiB € BpukeTyBaHHs. Lle nigTBepmxy0Th
yncneHHi nabopaTopHi gocnigxeHHs npouecy 6pu-
KeTyBaHHSA NanuBHUX maTepianis.

MeTa po6oTu: npoBecTu ornsga Ta aHanis go-
cnifpkeHb KOHCTPYKUiA 3acobiB ans  yLlinbHEHHS
POCMMHHUX MaTepianis, BU3HaA4YUTU Hanbinbw nep-
CNEeKTMBHMI 3acib Ans BWUIOTOBMEHHS MNanuBHUX
OpwukeTiB.

AHani3 poboumx opraHiB nNpecyt4mx NpUcTpois
CTBOpPEeHUX B YKpaiHi Ta 3a ii Mexamu [o3Bonsie
BUOINUTM Taki OCHOBHI iX TWMW: TpaHCNOPTEpPHi,
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wTeMnernbHi Ta BanbueBi poboyi opraHu, MaTpUYHI
npecu, Nnpecu yaapHoi, BibpauiiHoi Aii Ta iHwi.

TpaHcnopmepHuli pobounit opraH npeca [Ao-
cnigpxyeas lonsHoBcbku A.B. [1] EHeproemHicTb
npouecy npecyBaHHS POCHWHHMX Matepianis HUM
cknagae 0,375 k[bxk.rog/T, wo B 2...3 pasu HuMxue,
H>X Hambinbll MOLMPEHUM MPEcOM 3 MOPLUHEBUM
po6o4Mm opraHom.

3axonnto4ya 30aTtHICTb  FMagkux CTPIYoK  06-
MeXyeTbCA KyTOM iX po3BedeHHs 2a = 30° a ans
cTyniHyactux - 45°. NpoayKTMBHICTb Takoro pobo4yo-
ro opraHy [OCTaTHbO BefvKa, OCKINbKW LUBUAKICTb
TPaHCMOPTEPHUX CTPIYOK MOXHA gosBoauth Ao 1 m/c.
MNpoTe 3acTocyBaHHA ix B MpecyBaHHi 6e3
3B’A3yBaHHsI OOMEXEeHO, OCKINbKWU LWiNbHICTb ogep-
XyBaHUX npecyBaHb He nepesuye 200 Kr/m®.

Knacudikauiss poboumx opraHiB npuBegeHa Ha
puc. 1

LlImemnenbHi npecy OOCRIAXeHi HannoBHiwe. Y
knacudikauii Ocobosa B.l. [2] BOHU po3sginsoTbes
Mo KOHCTPYKLUIi Kamepy NpecyBaHHsl Ha npecu i3 3a-
KPUTOIO i BiAKPUTOIO Kamepamu.

[ocniopkeHHAM WTemMnensHUX npeciB NpuUcBs-
yeHi pobotn C.A. Andboposa [3], |.A. Jonrosa [4],
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