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INVESTIGATION OF GRANULATED PHOSPHATE FERTILIZERS COOLING
PROCESS

Abstroce The parpase of this work is the invescigation of gransior pharphate equipment with Muidized bad 1o
propase the optiveal construction and regioe sarometers This article dealr with the granules cooling i fuidized desl and
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The experimmental and mathematic modellng of the cooling i preventad A satigbctory agreement i odtalved bvtwesn
experiments) and hsorvtical reswies.
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I, INTRODUCTION

Maty researchers have doae a lot of contribution conceming the heat-exchimge equipment applied %o the
dspersed matesinls. The firt part of this work deals with the review of different (nvestions sad 1echaical
publicaticas. This allows us to create the most ressonsble prospective model of fusdized bed cooler iavolving some
important results of the previoss investigatioas.

In many indestrisl processes, there is a need of bringmg granular solids Imo the conact with cooling
medium. One way o do It Is 20 spply a fluid bed, In this process, an upward directed gas stream causes a bed of
granalar solids to be fluidized. Fluid beds offer advastages i performisg processes such a3 heating, drying,
© roasting, of cooling, The special characteristics of this process are:

Modular desiga
Continuous process

* Nuerow resadest tme spectrum thaoks 1o posilive conveying of maserial

* Optimal tempertere distribution

= Material is surrosnded with process gas on al sides

* Large heat exchange srca

* Favorabde specific energy requirement

* To meet moreased envircamental protection ssandands

* Generously sized doors allow free access

* Doors ¢ the inlet and outlet ends are Bermally insalisted

* Air-recycling system _

The mode of operstion with positive conveying action is the good techaclogical solutioa. The material is
directed through the rectusguler inlet in0o the process 2one. The cooling air is fed through e individual pipe across
the entire process area thanks to a special screen bottom. The cooling air Now Neidizes the materisl A spocial
conveying chaim with flights forming a chamber system coaveys the maserial within 2 closely comrolled residen
time through the process zone 10 the cutlet. This positive conveying action at a continuoesly variable speed allows
accurate controd of e resident tase,

The advanced sbibey of the fluld-bed heat exchasger s Pased om the specific characteristics of the
gramulwed maerial jo be processed In many applications, thess are known oamly 10 a limited extest A
comprehessive material tew giving consideration 1o physical and chemical aspects is therefore necessary. The
chemical lzboratory conducts such tests and vesifies Be results
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sprayed cato recyshed fertilizer fines in 2 granulbsioe, Granules grow end ere then discharged 1o the screens, crushers,
cooler and are sent to storage. Thus, the sultisuage Nuidized bed can be used for granular solids cooling. But the
wmummmwmmummwmmumhmu So, first of all 2
oozl perforated piwte conwruction aad optimal regime is needed 1o establish. Second, we have 10 propose some

mehod foe eacogy saving
1 TECHNOLOGICAL PARAMETERS ANALYSIS

mwumwwm«mwmmhm-wuum
significant tasks of this savestigation. One of e ways % solve this problem is the desiga and practical application
of new wmmmmmuiuummwmum
streare. The fuidized-bed devices with perforated plates are mainly used for imensive weatment of granulned
mabunu-mmmﬁdmmmmkimqmmduﬂnhmdh
reswlts of modem technology soalysis and expermental investigation with sew appecach. In $e proposed epparatus
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controls the formaticn of the bed while the selid flow rate over 3 cossidersbie range maintains 3 bakenced holdup
the suspession bed system without downcomers,
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agree qualitacively well with experimentsl odeervaticas.

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

§ [10e] ® n n n n o n - n n
< -l wiA7 | wiB6 | 2225 | <265 | wdod | A3 | 3R | 422 | 461 | =50
o | oms | mh | wms | oms | ms | owms | omy | oms | oms

1 9,56 | 64,95 | 5849 | 8642 | S438 | L3 | S8.34 | #R91 | 46,15 | M8 | 4,68
1.9 6158 | 5638 | 4963 | 472 | 4513 | o480 2886 _ 3641 2 | 3406 |
18 SS4 | 4938 | 28 | 4021 | 3867 | M92 323 | 363 L | 2835
37 @91 | 75 | 3188 | 301 | M3 | 363 | 3883 | 2647 | 2563 | 2496
40 4528 | 39.19 | 3381 | 31,15 | 3038 | 3701 | 3613 | 2824 | 24.06 | 1343 | 23
5.5 41961 3581 | 304 | 2828 | 2784 | 249 | 34N | 241 | 1285 | 2200 1 2175
[ 3806 | 32,54 | 28 | 2615 | 3847 | 3338 | 2236 | 2233 | 216 2184
_S 3526 | 30,13 w,: gf?» 2397 | 2233 | 108S | 31 21 2078 | 082
319 | 2319 | 24, 2288 | 2161 | 2124 | 2095 | 2063 | 2043 | 10,37 |
9,1 309 | 26,62 | 23,65 | 2252 | 2209 | 21,01 | 30K | 3862 | 204 | 2029 | 022
19 2931 | 2435 | 2281 | 2187 | 1,82 | 07 04 | 2028 | 20,18 | 2913
109 (2978 ] 2432 | 2206 | 2139 | 20,1 | 2038 | 2036 | 20,16 | 29,11 | 20.08

remsined st the Jevel of semi-empirical generalizations. The same can be said of two-phase flows, which are
pymllymm.Hmhmmdmwbumdwwcwmwm
Hmkwbpmdahuyd&idwwwdmmhw.
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minknumn 2ir rate. When there s an excess flow of air, it is reascmable 10 ke into considerstion its wsage and
regime opSmizaion. Oue of the most werkable decisions Is 10 use the special devices (perfoeated plates) to support
fNuidizad bad and increase the average resident tane.
Twmqumwu«dim|mumﬁnumm
given delow (Table 1), We can see with increasing resident time that a temperature fend o decline but the wir
wmwmsmm.mw.aumdmwmmmopa
fuidized bed cooler cannet be chearly defined. Moreover, demandad regime parametens according heat-exchange
mawmmmmmcwu-mgwm A possibie way of

approachimg suitable asrodynamic factors is the applicasion of the combined technical economic criterion [1-3],
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On the other illustration, experimental secies of KiInetio curves was presestod W indicate e detailed fctors

of serodynamic regime influence on the heat-exchasge efficiescy. Figurs | shows the jumping growsh of heat-
wanfer Nessell sumber for bod Muidiznd regime.
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A« comrelasion for mosonless grasules with different porosity;
B~ cormrelatson for Muidized bed system;
B- jumping growth of heat-transfer Nusselt number foe bod fuidized regime,
1- gess pranubes 0,132 mm; 2- 0444 mum; 3+ 1,1 mom; 4 - aluminiem gransles 0,09 um.

There scemed 0 be no significast &fference between the Nusselt number growéh for type of granulated
materialy, but $ie bed Auidized regime sppearance is extremely mpertant facior.

L EXPERIMENTAL SECTION

When #n sir stream is passed firough 3 permeable support (perforated plate) on which the free flowing
magerial rests, the bad stars 5o expand when & cerala velocity Is reached. The seperficial velocky of @ie alr at the
ensel of Nuidiztion is the minimum Muidization velocity, With 8 further incresse in air velocity, bed reaches & siage
where the pressere~drop across fluid bed drops rapidly end @e product Is carrled away by @e alr [3,4). The velociy
#t this stage & kaown as termisal velocity sad an mportant parssicter in Meidizdion operations. The openional
velocity must remain between these teo velocities,

All Nubdization regime experiments were condocted [n o bath type flexi-glass fluldizieg colima 50+ 100
mm section and 750mm height (figere 2) The cocling air was Sikes from 4 venlilator system asd dirosied 1o the
fluldzing colamn by flexible ducts. Ax enlered the matorial bed throwgh a perforated plate with circular holes of |
en Sancter (13 holes'cn?) Wall effeces, shegping cad channeling bebaviour can be of concem b small scale
experiments, They bave boen given sufliciest convideration during plansing of expermentation bs this study (nitial
ratio of bed diameter %o effective particle dameter was 1§ It was mentioned that if this ratio is grester than 16 ®ere
is mo effect frem the walls, Therefore, wall effect was coasidered lasigaificent In e working range.

from heat pamp
Figure 2 - Schematic of the Nuidization column

Real process exhibiss 8 wide range of readom Bacioes, e mosl impoctant of which are turbalent eddies of
different scales, noa-aniformity of the concentration fledds and agglomeration of particles within the flow. These
phemomena are essily observed with high-speod cinematograply or phetography under stroboscople lighting.
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Alrflow entering the fuidization colsmn was varied by meass of varying Se incoming rate with the manual valves
in the symem. DifTerennial peessare of incoming air was read from a digital mancmeter conmected o & fow sensor of
e Pitot tube through trasapareat visy| ubes.

Flow rates emenng the flwidizing column were calculatod asd average air velockty of alr passieg through
the maderil wis determined Resolution of ar welocity measurement wirs 0.05m's, minimem fuidizatioa velocity
was 1.2 m/s, terminal velocity was 3.8 m. Pressure drop scross the bed was measured by a U-tube manometer
comnectod % Be fuidizing colsmn below the sir perforsted plate, and above @e bad of samples. Bod height was
messered from a scale asachzd %0 the codumm. The change of bed pressure drop was measered while increasing the
velocity through %o bed for cach Beight. Ia ceder 10 desermine the eptimum bed height for improved fluidizeion
bed heighes of 100, 80, 60 snd 40 mm were used, Memurements of pressare deop for cach bed height took less than
3 mim. Our experments have becs condected i a variety of instrements differing in porosity and air Mlow velocity.
These curves present 10 be quite different depending oo whether we were looking i the turbulent zome of two-phase
mumo-dispersion Nows or the 208¢ of non-regular Aeidized bod regimes.

The experimental Mexi-glons Nuidizing column was completed by special vertical cooling device of 50100
mm section with the perfocated places (fig.}),
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Figwe 4 - Influencs of sir velooy on poraskty

Heoe graaular product of 90-120°C was fed into dosing section gateway at the top of colusn. The dspersion
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grasules moved Sheough the column from @e spper perforated plates 10 Jlow coe. The fine fraction of prodect
trareported by raising alr flow was caplieed with the cyclone and siored i the receiver bax, Dunng the experiment
all repeeseniative sasiples were removed from the bax for dispersion analyyis.

The exatence of a multiplicity of weady states corresponding to differeat sk flow ratex, for the ssme foed
mdmpwwumnmmmmmwdumumu
rae and the s velocity distribution through the Soles affect the stability of the fuidized bod The simelted resuls
sgros qualitatively well with experimental obsrvations.

mm«mmum-um&wwmma&m-mm»am
the Nuidizad bed from initial pocosity of moticnless product

%= 0,43 o mavimuss. At @e fint stage, fho porosity was stable unsil dhe air flow velocity did sot exceod
mmmmm.umunumm«nmummmwm
species mnd grasulsrity

4 MATHEMATICAL MODEL FOR ENERGY RATE OPTIMIZATION

The fluidized bed volume on the perforated plates is expresund:
V= L8H

where LB, H - accordingly leagth, widih and beight of fleidized bed
Average resident time of granules i Buldized bed can be represerned by
‘_ewﬂ(l-l)‘ (2)
G
where G - product mte, vh, ¢ - grasule densty, £ — porosity.
Eccaomic fanction of imensificstion expenses may be proposed with 3 two-component expeession.
FeiaV +b)/8 (3)

(1)

where @ - energy rescures (air) cont;
¥ « alr corsursption Soe Muidization;
b« prodection comeposent witheut air cost;

£« process peodectivity.
'y o )
Alr flow specific power is dofined as:
FuVap, 5)
where V- rate, dp ~ serodynamic resistance of flusdized bed
or
P = wiBedp . (6)
Afler the sisesament e trpet economic fimction reseds in:
FaoV®S pp-035 m
which can be transformed to:
% =0, 75ap "025 _g 255y~ 12% @)

dFV =0 or dFidw =0
gives the relation:

L))
ar more detalized:

W ™ {10)
This result clewly demonstrates that increasing ak velocky onand Its preduction comt for Muidiced Sed
process imensification as well as porosity becomies o expersive 45 some economic limit has been reached.
Consequently, it will Be reascasbic 10 spply ®e combined comstrection with perforasted supporting plaes foe

impeovirg coconomic lechnological parameners according 1o conditlon

&
"o * Jatae
CONCLUSIONS

Pressing eavironmental and energy problems have drivea the Servilizer industry from expension strategy 10
the ecalogical motivated high technology. In saay of treatment processes, there is 2 need of bringlng grameler solids
leno contact with cooling i, Oe wary 80 do it is 10 apply a fuid bed which offers advistages in heting, drying,
roasting, or cooling. The solid parcticles o ot reach the thermal equilibrium due to refecivoly shon residence time in
codler. The vestigation was devoted 10 the problem of supporting grameles in Muidized bed by the missmum air
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rate. One of the most workable decisions is to use the special devices (perforated plates) to support fluidized bed and
increase the average resident time. ¥

There is a multiplicity of steady states corresponding 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 resuits agree
qualitatively well with experimental observations. '

The necessary regime parameters according 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 intensification as well as porosity becomes too
expansive as some economic limit has been reached. Consequently, it will be reasonable to apply the combined
construction with perforated supporting plates for improving economic technological parameters according to the
definite conditions. The considerations concerning the realization of simple, inexpensive, but nevertheless effective
equipment with combined fluidized bed and perforated plates system is the perspective research and a developed
way.

This work was carried out under the project «Improving the efficiency of granulators and dryers with active
hydrodynamic regimes for obtaining, modification and encapsulation of fertilizersn, state registration No.
0116U006812.

References

1. S.V.Vakal Ammonizirovanniy superfosfat/ Osnovnie napravlenija energosberezenija pri klassificacii I
ochlazdeniyi / N.P.Yukhimenko, S.V.Vakal// Khimichna promislovist Ukrainy.- 2009.- Ne 6.- S. 50-51.

2. Sushinnja  dispersnikh materialiv u' bagatostupenevikh polichnich apparatakh z activnym
hidrodinamichnim regimom: dis...candidata tech.nauk: 05.17.08 / Artukhova Nadia Oleksandrivna. - Sumy, 2015.-
199s.

3. Shandyba N.A. Energy rate optimization under fluidized bed drying / N.A. Shandyba, N.P. Yuhimenko,
V.N. Pisokotilo // J. Acta Universitatis Pontica Euxinus — Varna, Bulgaria. —2011. - Vol. 2. - P. 323-324.

4. Wen-Ching Yang. Handbook of fluidizfition and fluid-particle systems / Wen-Ching Yang. — New York:
Marcel Dekker, 2003. — 850 p.

Peuensis/Peer review : 23.9.2016 p. Hanpykosana/Printed : 8.11.2016 p.
CraTTa peueH30BaHa PefakLiitHoio Koerieo



